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Proposal and Evaluation of Speculative Multi-Threading
with Region Reuse
Hirohisa KASAHARA
Abstract

Many researches on speculative multithreading (SpMT) are reported for
boosting the performance of microprocessors. In conventional SpMT, main
thread takes over data from only a proceeding speculative thread. However,
this paper focuses on the potential reusability of regions. Each set of input are
accumulated in the associative buffer, and reused by main thread out-of-order.
The nested regions are identified dynamically while executing legacy load mod-
ules generated by widely used conventional compilers, so that no recompilation
or binary annotation is required.

This paper proposes a new SpMT model exploiting region reuse and focuses
on four major mechanisms as follows. First, a mechanism to reduce the reuse
overhead related to the associative search of a large buffer is proposed. The
performance may fall if main thread tries to reuse regions with huge overhead,
so that some mechanism is required to estimate the promisingness of each region.
Second, a mechanism to divide a set of input and output into several groups
is proposed. If several search for independent input can be started, the total
latency of reuse test are significantly reduced and the reusability may increase.
Third, a mechanism which correctly predicts the input for speculation based on
memory addresses classification is revealed. Fourth, a multilevel region reuse is
shown that exploits the reusability of internal regions in addition to outermost
regions initially assigned to each speculative threads.

I developed a cycle simulator and evaluated these mechanism using Stan-
ford and SPEC95. These mechanism with 64KB external buffer offers average
speedup of 32% in Stanford-integer and 23% in SPEC95 compared to the base
model. Considering first technique is not equipped, the performance degrades
to average speedup of 28% in Stanford-integer and 21% in SPEC95. Second
technique shows poor effectiveness. I found that the opportunity to divide re-
gions is extremely little. Without third mechanism, the performance degrades

5% in compress. Finally, I found multilevel speculation boosts 5% in compress.
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Stepl ) i return (s - str); ;

Get Proc-addr,RO,R1 & Search with -1 |NextTyp NextAddr H
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Next Key [41424344| 454600-- [ —----- [-——-—-- Hit

200 [11171[1110]0000]0000] ™ jc'omﬂe,e]yé comp Rb,0
———— | Match! beq end
i loop:

RB_Out Point to RB_ out inc Rs E
! / . 1d.b [Rs]->Rb |
Step3 1ype / Addr  #0--  #1  #2R0_ 43R i comp Rb,O
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i end: :
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000000000000000(1)RW,,0(2)RW, 000000000000
SSPO0O00O0DOOODOODOODOODODODOOOOMSPOOO SSP
0000000000000 RWOOOOO0O000000000 RBOOOO
MSPOOOOOOOOOOOOOCOOOOOOOOOOOOOO RB, 000
0000000000000 00000000000RB,00000000
00000000000 000000
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O0booobooboooooooRrRwWO Ll-cacheUODOODOOODOOODOO
O000bOoo0oboonooboRBO L2cacheUDODOOODOOOOODOODOO
gobbboooobbbuoooobbbuoobbboooobbbooon
Oddel RBOUODDOOOODOOOOODODOOOOOSpMTOOOOODOOOO
O00000b0o0o0o0o0obobo0oobOo00bO0ObOOUORegion tabled O
ooboboooboobooboooobooo sspooobooooobooOoo
ooMSpPOOOOOOODOODOOOOODOODORBOOODOODOODOD
goobboobooooooboboobobobobUoRrRBOObODbODODLO
oobooooooooobobooobooobooboooboooooooosse
gooobooboooobooboobobobooooooboboooogssepod
gboboobooboboobobooboRrRWUD RBOODOOODOOO
gboboboooboob rRwWhoboobobuoboobooboboooo
OO00oOooopboOobooooSSPO0 RWODO RBOODDOODOOOOODOO MSP
Oob00o0oooboooboOO0U0oRpOOO0ODOODOOODODOODOODOOSSP
oooooobobooobogooooMspOOODOODODObOOODOODO

2.6 OOOOOOOO

MSPO RBOOOOOOOOOOOOOOODDD0O0O00O0O0OMSPOO
00000000000RB;, 0000000000000000000000
00000000000000000000000000000000000
00000D0DO000000000RB,00000000000000000
00O0O0Strlen(str) 0000000 70000000000 160000000
OO0O0O0O”ABCDEF 000O0O0O0ORW, 000000000000000
OO0 ROOOOOOO0 10000000000 10000000 100100000
02000030000000000RB,000000000000000
000000 cont000000000000000000000000000
000 1000000000000 cont=0 000000000000000
00000000 1001000000000000000000 100100000
30000000000000000000000000000000 10000
00000000000000000000000000RB,000000
00000000000 1000000000000 (2100000000000
key 0 (200)0 type 0 (mem)d addr 0 (10010) 00000 0key 0000000
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ABCDEF\O

strlen(0001000C)
RW._in
Type #0 #1 #2:R0O #3 Type Addr #0 #1 #2 #3 Type Addr #0 #1 #2 #3 Type

| strlen [--]Jooo1000c] -] —[--[--p1424344 454600 | —| [ -
Headl1 11101111 |0“|Mem 0010000 oo 1111 Mem (00010010 1110 b End

@ Store as tree-structure & Search path later

RB_in

[ Altkey Alt.addrj
Entry# 200 . |Cont Alt.type
I strlen [-——— looo1000C[ -——---—- | Hit
-1 [i171 00001111 0000 |Vemoorecce 0 I —
Entry# 210 To RB out
[ [ [ l1424344]
200[0000]0000]|0000 1111 |Me"“|00010010 Completely Match
only if RO is the same/
[454600-] [ [ |
210[17110[0000[0000]|0000]] End |

@ MSP stores ‘G" to 00010010 and 'E” again

StepZ2: Set cont & Copy

Stepl: Search 10010 key/type/addr to Predecessor

RB_in — Altkey Alt.addr]
Entry# 200 Cont Alt.type
[ strlen [-————- Jooo1000C] -—————-- | | | |o

-1 |1111|0000|1111|0000|Mem 0010000 1 |210|Mem pooiooio

| —1 /
Entry# 210— |

l l l |41424344'Mem F)OO‘IOO‘IO
200[{ooo00]Joooo0foooof1111]

[454600- | | |En d
210[7110]|0000]0000 0000 |

@ Search path later

\ 4

RB_in

[ Altkey Alt.addr]
Entry# 200 Hi Cont Alt.type
I strlen [-———— looo1000C] -——--—--- | it | |o
1 [FiT1 o000 (7111 [0oo00]Vem pootoooo 1 |210|Mem pooiooio
/
Entry# 210 Search with Alt. key#210 & Alt.addr
l l l |41424344|M 0010010
200[ocoo00[0000|00OO 1111 ] "
P
/ Completely Match
. | if RO & Alt.addr(10010) is the samée
[452600—-] | | | . I Hit : )|
210[171170]0000[0000[0000} To RB_out

grooboboogbobobbobooobobobobobobooon
goboboogn

O0000DO (200) 0 cont 0O 1000000 alt.keyd alt.typed alt.addr O O O
00 2100mem0100100 0000000 Cstrlen(str) 0000000 0O0OO
10000000000 cont=100000000 key/type/addr0 OO0 00O0
alt.keyd alt.type alt.addr OO0 000000000 200000000000
J00o0doonoooooboooooooood
dodddoooooooooooooooooooooooooboboooon
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gboog rRW, 000000000000 DObO0ODObOOoObOo0bOo0DOn
goboobbboooobbbouooobobboooobbboooan
gobbobuobbuoooobbbooooobbbuoooobn

gobboboooobobbboooobboboooobbboooobobbod
gobbboooobbbuoooobbbuoobbboooobbbooon
gobbboooobbbuoooobbbuoobboboooobbbooan
gooo

16



030 0O00oouoogood

goooooobobobooooooboobobobobobRBOOOO
O00O0o00oooooooboooboo00CAMOOUO RBOOOOOOooCAM
0000000000000 0O000000000D00(oo)oooooo
gobbobuogogbboboooobobobobbboooobbboooan
gobbboooobbbuoooobbbuoobbboooobbbooan
gobbboooobbbuoooobbbuoobbboooobbbooan
gobbobuoogbbobbooooobbobuoooobobobbbbooan
gobboooobbbuoooobbbuoobbboooobbbooon
guoogoobbobooogbbbouoooobbobuoooobbboooan
oo

gobboboobooooobobooooobobboooobbobobod
gobboooobbobuoooobbod

3.1 UJUoobogooooon

OO0 Region table DD 00000 O0ODOOOOODOOODOODOODOO
gobooobogoooosspobooobooobooMspOODOODOOO
go0ooboobooooboooicoboobooboooobooobog c;bMsp
0000 RBOUODDODOOOLO X;0000000 RROODDODODODO SSP
00000 RBOOODOOODOOOO S;gobooMSpPO0O0O RBODOODOO
ool X;,+R=000000000O0O0DO0ODO0ODOIDO0ODOO0
gboboooobo X, +RrR000000000O00O00DOOO R;O00O0
gobobooon

oooboobOobooboocc,oooboboboooooooboboboXx;o
ROS, 000000003 006MUO0O0O00O0DOODODOODODOODOODOODO
40000000000 O0O0O0O0DO 1Ob0000bb0bO 10000000 64
gooboboooobooooobos;0oo0o0oboooobbooobooooo
gboobodbboooboobbodboobbodbboeddbboogon
O0bO00bO0o0ooO0o0oOo0obo0bOo0bOOooobooooooooMSPO
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gobbboooobbbuoooobbbuooobbboooobbbooan
gobbobooooobbbuoooobbbboodgeuobbbboooan
OoMSPOOOOODOOOOOOOOOOODOOOOOOODOOODODOO
sSSspOO000000O00OO00OMSPO SSPOODOODODOOOOOOOO

3.2 UUuoboouooooo

oooooobobobOo b0 RBOOD0ODOODOOOOOODODO
oo0ooooooooogooooboooooooboboobob G, obooo
SSPOO00OOOOMSPOODODODOOODOOOOD Gy (X;+R)00000O0O
gbooboobobbo g 00bodboobuoobooboon

E, =G+ (X;+ R;) * S;; (2)

gborpbOOooboobbOOo0bOooboobbooboobboonoDbO
OOooooOoMSPO REODODOODLDOOOOOODODODODOOOOOOD

000 GOR,O000D00DO0OO00O0ODOOO0ODOOODOOODbObOOn
gbbooobobobbuoobboobbuoobboobooob ;00000
RBOUO0OO0ODOODODODOO Ge;,00O00000O0ODOODODOODO Lo, OO
gobobooodn

Ga; = G; x R;/64; (3)

Lo; = T; * (64 — R;) /64; (4)

Ga; < Lo, 0000 RBODOUODODODODODOOODOOOODOOOOOOO
oobooboobooboobobooRrR00000ODbDO0Ob0Ob00OD0G;ODO0ODOO
goboboobobobobobobooRrpUObooooDobDOobObDOn
gboobbobobobobooooboboboobobooooo0 RO
gobbboooobobobobbboooobboboood

gbobboooobobbbooogbboboooobboboooobobobod
gboobobooboboobooRBODODODOODRBOOOOOOOOOOO
gobbboooobobbooooboboboooobobobuooooo

gobbobooooobobooooobobuooboooobobobbod
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gobbboooogobbobouooobbobouooobobobbobd
gobbboooobbbuoooobbbuooobbboooobbbooan
gobbboooobbbuoooobbbuoobbboooobbbooon
gooobooobooboooobobobobooboooobobob RBOO
gobbbooogbbbuoooobbbuoobbboooobbbooon
gobbobuogoobbobooooobobuoooobbbbooooobon
gobboooobbobuoooobbbuooobboboooobbbooan
gobboboooobbobuoooobbbuooobboboooobbobooan
goRrRBOODOODOOOOOODOO
gobboboooobobbbooogbboboooobboboooobobod
gobbboooobbbuoooobobbuoobbboooobbbooan
gobbbuoooobbooooobbboooobbobooooboobn
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040 00000000000

gobbobooobbbooogbbboooobbboooobbbod
OooooooooooOoOoooopoobooOoocAMObODODODDODOO
gobbboooobbbuoooobbbuoodobbboooobbbooan
gobbboooobbbuoooobbbuoobbboooobbobooan
gobbboooobbbuoooobbbuoobbboooobbbooon
gobbboooobbbuoooobbbuoobbboooobbbooan
gobbboooobbbuoooobbbuooobbboooobbbooon
Ooo0ooooooooobocAMOOOUOOOoOoDOOOoOOooOoDDOoOo
gobbbooogbbbuoooobbbuoobbboooobbbooan
gobboooobbobuoooobbod

gbobboboooobobbbooogbbobooooboboooobobobod
gobboobbobuoooobbbuoooobbbuooobbboooon

4.1 0O0O0OO0OOOOO
gbobobobobooboboobuooRrRbOooboooobobboOonbDg
gbobooboboobobuoobboob RDOOOOOORDODOOO 80
goggsgogoboboooogbbbbuooooobboboboooan
gobboboooogboboobboogobbbooooobboboboooan
gobbboooobbobuoooobobbuoooboboboooobbbooan
gbbogbbogbuogoboobodgbbuogobboooboooboogad
RDOOOOOOOO
O00O00bO0A-O0BOOODOOODODOODOOBOOODOODO
0000 ADOODOOO0O0ODOOO0ODOODOOODOAODODOODOODO
O0bO0AOOODOODOOODOOBOODOOODOODOODOODOODOO
O000o0oo0o0o0o0AQD0ODOOOBOODODORODODODDOODOOD BOOO
gooooooboboboobobooboboboobobobobobOorbO
o0oobooO0o0obOobOO0o0obOooOO0omob Cc-00bob-00 EODO
gobbbooobbobuoooobobbuooooboboooobbobooon
0000000000000 000O0b00bO0ObO0ODbOobOoDbccd Condition
Code0000DO0O0ODODOO0ODOODDOODOODOODODODOODOODDOOO
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L pe-f T [ [ [ |
Reg-No. Group ID

Reg-Out

Bit Map

Mem-out

O & RDOO

gbbodgbbogbbobboobbbboobobooobooobood
U000 return 0000000000 o 00000 return0000000 10
gobbbooobbbuoooobbbuooobbboooobbbooan
gobbbooogbbbuoooobbbuooobbboooobbbooan
gboobuoobuooboobuooboobooboobooboRDOOO
goboboogon

4.2 0O0O0O0O0O0OO

Joodoooooooo RDOODDODODODO000ooooooobooooooo
0o0fdoooooooooooboobooobodooooooooooIbOdd
0oodoooooobooooooooooooboooooooobo IbDogo
0o

0oodoodoooooodoonooooooooooonooooon
0odoooooooooodoonooooooooooooooooon
0000000000 oOROOODOOOOOODOOOOOOoOOOOOOn
Jdoododooooooooobob Ib00doooog IboboooooIbOoO
Joodooooooooooooooooobobooooooooo Iboooo
0o0fddoooooooddoodooooooooooo Iboooggdoao
0O0Iboooooooooooooboboboooooooooooog Ibd
dooooo ibboddoooooooooo Ibodod

0odooodoooooodooooooooooooooooooon

Load[R1+100] => R2
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RD R1 Al A2 A3 GroupID RD Rl al A2 A3 GroupID

Bl 0 Bl 1, il 8
B2 0 B2 0 0
B3 0 B3 0 0
1 R2 1 1

0
0
1

(a) (b)

RD Rl Al A2 A3 GroupID RD Rl al A2 A3 GroupID
Bl 0 1 Bl 1 1
B2 0 0 B2 1,

B3 0 0 B3 0

0 1 R2 1

0

0 1
0 0
0 1

RD Rl Al A2 A3 GroupID RD Rl al A2 A3 GroupID

Bl 1 1 1 Bl 1 1 1
B2 1 0 1 B2 1 0
B3 0 0 0 B3 0 0
0 0 2 R2 0 0

1
2
2

(e) (£)

o oouooooob

Store R2 => B1
Load[R1+200] => R2
Store R2 => B2
Load A3 => R2
Store R2 => B3

O0000O00oOo0oOoO0oRIO000000000O00AIDDOOOO
gboooobbooobbooobooobuoobbuooRrR20b0bo0onDDbDOO
O0R200000RIODOODO0ODO0OOO Al0ODODDOOODOODOOOOOO
gbdRr20bogolioobooboooboobooboobooboobon
gbooooibobooboobobooboboo Ibboboob IbboO R2
gpooooIbbboOooD 9ab

gbooobbooobuoobobooboboobboo RrR20b0boooobDO
BlOobDoobOoobooooBliobDoOobO R2O0bOoboooRrR2000
goooboobobobooobooboboborR20b0b00O0Oo0ooboOoRr20
gbhloooboobooR200b0O0b0ObDO0bObOOObDOObDOnOR2
OO0 BIOODOROODODODOODOODLOOOOBIODOOOODODODOORIOO
OAl00D00ODODOO0O0O0OO00OO0ObOO0ODbDODObDObOUOODbOObDODODbDO
gbooboR200000000O0IDODOO0OOOODODOOBIOODO IDOO
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Oo0omd 9pd
OO0O0OO00O0OOooogoRrRiIbD200000000O00A200D00D0OO
gbobobooboboooboR2000000D0OOOO0OR200O0 1010
gbooboooboobboobuoobboobooBlooboobooon
IDODOO0ODO0DOOOR2000IDODOODOO0OOODOO 9cOd
gbobobobooboB2000 10100 0D0O000DOOOODOODO
gbobodbooboboob IibbgoboboooboboIbboobood
OOoooooB200 IDOO0O0OOODO 9dO
gbhogobooboRrR2z00dgoool0booboobOoobooboong
goooooboobooobooboboo IbooobooboIbob R20000
gibooboomgd 9ed
OOo0oOopDobOooB3gOODo0lOOOOIDOOOOODmDO 9O
0000000 A2000 ASODO0OO0OO0OO0OOOO0O0OooDoogooooo
gooonitgbbbogbobooobbuoobbooobbuooboooooboo
goomooboboboboooooboboboboooiboboobooboIbd
gbooboibobobdobobobobo IbobooboobooIboboboIb
gobbboogouoooobboboooooboo
gobboogobbobuoooobobboooonood
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o0 O0O0O0O0Ooon

gobbobooobbbooogbbboooobbboooobbbod
gobbboooobbbuoooobbbuoodobbboooobbbooaon
gobbbooobbbooogbbbooooboo

5.1 UUOUOOooougy
sspO000D00000OD0DOOO0O0OOO0ODbDOObOOODbOObODOObDOn
MSPOOODDODOOOOOOOOOOODO0OOOoOoooooooDODO C-FLAGO
JO000ORBOODOUOODOOUODODOOOUOODDOOstored OO0 boon
00o000o0oboboooboooboooboobooboooooooooon
00o0ob0obobobooobooobgobooboobobooooooo
01ooboooobobbooobobbboooobobbuooou 1tapooO
0100000000000000AID0000000D0DOODOO0 00110000
O0D000RIODODODOOOOOOOOOOOO A1OO00O0O 00110000000
0000000000000 A20000 00000000000 R2000
0020000000000A20000000000000000000 don’t
care 00 00000MM-00 don't care 000000000000 OA240200
02000000000000000220 A200000000000000
O00000O0oooo2-22-0000A2+010A2+0300000000Odon’t
careJ 00000000 0O0O0O0OO0OODOOOOOOOOO0OOOOO R1IO
00 R20000000000000000000000000O0O0O0O0O0OO
0000000000000 ooooAM0Ob0/«4D000b000o0oOooDon
O0Al0D00000DO000D0DODOO0O0O0DDOoOoOooOoOoOoOooooDO
000000000 D0AlOD0DO0ODOO0ODOO0ODOOOO0OODOObODOODOODOO0
00000000000 A2000002003004005000000000000
000000000 0A20000000000001000 200000000
A2+400000000A200000000DO0O00DOO0OOODOOODODOOO
0oooooboboboo3ooooooooobobobbbooooooooon
0000000000000 D0DO00A2000000 A3000 A4d0D0000
0000000000 bOoDoobOog
000000000000 bO000bO0o0bOoo0bOb0ooDbOobOoobooooag
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PC: 1000 Cache
l: set Al -> RO H
2: 1d(RO) -> R1 Al| 00
3: set A2 -> RO 11
4: 1db (RO) -> R2 0o
5: 1db (A2+R2) -> R2 00
6: set A3 -> RO 2
7: 1db (RO) s B A2 02
8: 1db (A4=R1+R2)-> R4
A2+2| 22
Input Output :
Alloo110000| R1|{00110000 A3 33
A2l02--22--| R2 50 :
AR [T T o R3 33 Ad| 44
Adlaa- - - - - - R4 44 :

0 10: 0000 cached OO

#1 Addr. A2 A3 A4 Addr. A2 A3
Mask |FFOOFFOO|FFDO000O0|FFO00000 P-Mask [FFO00D000|FF0O00000
Value |02--22--[33-——--——- 44--———= Value |[o2-——---- 33-——-—

|
- b 3
¥

#2 | Addn A2 A3 A4 Addr. A2 A3
Mask |FFOOOOFF|FFO00000|FFO00000 P-Mask (FrFrooooo00|FFO00000
Value |03----23[33-----—- 44-————= Value |03-—-——-- 33-—————

R Y3

#3 | Addn Az aA2+4 A3 A4 Addr. A2 A3
Mask |FFO0O0000|FFO00000|FFO00000|FFO00000 P-Mask |[FFO00000|FF0O00000
Value |0a--———-- 24———-—= 33— 44-————= Value |pa--———-- 33—

L J ¥

#4 | Addn A2 A2+4 A3 A4q Addr. Az A3
Mask |FFO0O0000|0OFFO000|FFO00000|FFO00000 P-Mask |FF000000|FFO00000
Value |[05--———-- ——25-———|33-————— 44-————= Value |os---———- 33— ———

(a)usual (b)improved

gbbogbbugobboobobooobobbuobboobbooobob

gobbbooobbbuoooobbbuooobbboooobbbooan

gobbbooogbbbuoooobbbuooobbboooobbbooan

gobbbooodobbbuoooobbbuoodobbboooobbbooan

gobbbuooobbbooodgbobbbooodobbboooobbobog

e UUUOODOUOOODLDLDUOOODLDLDOULOOODLDLDODUOODLDDOD
gbobbooogbbbuooobbbuooobbboooobbboo
gbobbooogbbbuooobbbuooobbboooobbboo
goobooboboboRBOOOOOODODOODODODODDDOD
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Const | Regs.
R . o o] 1 RO
! E : 0 Rl
: : : 0 R2
! : : 0 R3
i i
v v v 0 R4
C-FLAG changed | changed
P-Mask |FFFFFFFF|FF000000 FF000000|FF000000
Addr. Al A2 A3 A4 R1 R2 R3 R4
Value |FFFFFFFF|FFOOFF00|FF000000|FFO000000|FFFFFFFE | FEFFFFEF| FFFFFEFF|FFFFFFEFF
Mask |00110000/02--22--|33------ 44---—- 00110000|00000022|00000033|00000044
! Inputs (Reg./Mem. read) ! Outputs (Reg./Mem. write) !

U112 0000000000

gobbooogn
e JUUODLODODOUOOODLDOLDOULOOOOUODLDDLDLDOOUOOODLDD
gobboooobbbuooobbbuooobbboooobbboo
gbogbobogbuogbobuogbobodgbobbobuogbooboobg
gbobboooobbbuooobbbuooobobboooobbbod
gobooo
gobbboooobbbuoooobbbuooobbboooobbbooon
gobbboooobbbuoooobbbuoobbboooobbbooon
gobboboooobbboooobobuooon

5.2 UOUOUOO
gbobboboooobobbbooodgbobobooogboboooobobobod
gobbobuoooobbbuoooobob 120000
OO000o0b0obo0oobooboobDoboboboobodgbleadOonoonO
O00DbO0D0OO000o0oboOobOooooobConst-FLAGODODODODODODOODOO
gobbboogobbobuoooobobobuoobobboooobbobooan
OO0O0000DOConst-FLAGODOODOOOODOOODODODODODODOOODOO
OO0000O0bD0ob00ooognD Const-FLAGUODODOODO
gobbbooooobbbooodgboboooobboboooobobobod
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oooobooooboobOoboboboobooboooooooongP-Maskd
gbogobooboooboobooo RBOLDDODOODOODDOODO
O0000OD00OladDOD00O0O0O0OO0ODO0ODOOOODOOOOODOO Const-
FLAGOOUODOOOOOODOOOOOUODOOP-MaskOOO loadd OO
gobboogobobbodgo
gloddddoddodoooooooooooooouooooooguo
OO00000DOROODDOODOODOOODODO Al10OO00ODOOOROOOOOO
Const-FLAGOOODODODOODOOOCOOOOOOOOOOOOOOOoOoooo
OO0 A1O0O00Oo0o110000000000 R1IOOOO0O11I000000000000
00000000000 0OO0OROODOOOO Const-FLAGODODOOOOOO
O00O0A1IOP-MaskOOOOOOOODOO oo1100000C 000 FFFFFFFF
000000000 00RIOO0ODO0O Const-FLAGODOODOOOODOO
gobbboooobobbbooodgbobobooooboboooobobobod
O0O0000R200000 Const-FLAGUODOODODOODOODOODOA2+4
gboobodP-MaskODODOODOODODODOODODODOODODOODODO
C-FLAGOODOOUODOOO P-MaskOOOODOOUODOODOOODA2000O
00000 A30D00D00DO0D0DbO0DbO0bDOob0ObuobA200D0 A30O
gbbodbbuoobobboobbuooboboobobobbbo nnoboof
O0bO0o0bO00ooO0obbOO0bOo0bD0oobD A2000 AsODOobboOoboo
O0o00ooOobOobooobooboobDoD A2440000000D0DO0O0ODOO
gobbbuogoobbbooobobobbooogooboobogo
goboboooobobooooa
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ol 0O0OOOOOOOOOOOOONO

gooobooboboobobobooooooboooobuobobob RB
gobbbouoooobbbuoooobbbuooooboo

gobbobooobbbooogbbboooobbboooobbbod
gobbboooobbbuoooobbbuoobbboooobbobooan
oo

ooooSSspO0oobOoboOoOobOOobDOobOob00 RBOODODOODODO
oooooobooooobooooboooosSspoobooooboobobooog
O000Ostorel D O0O0OO0OOOOSSPOOODOOOODOODOODOODOODOO
gobboooobbbuooobbbooon

6.1 UULOOobogooooon

oooopboosspO0b0obo0oOoOoOoboobOoboboOooobOobOonO RBO
goboooboooooboboobooooMSpOObOOobOboOobbOODDOO
gobbobouooooboo

sspO00000O0O0O0OO0ODOoOoOoOoOoMSPOOOOOOobOOOoDbDOODOO
gobbboooobbobuoooobbbuooobobboooobbobooon
gboobobobooboobuoobobboboobo RBOODDOODOO
gobbbooogobbbuoooobobbuoobobboooobbobooan
gboobobooboob RBOUOOLDOODOODODDODODOODOO
gobbbooogobbbuoooobobbuoobobboooobbobooan
goboobboboooobbboooooboboboooobbboooan
OooOOopbOoboooosspO000bO0obDObOOoO0OOD RBOODODODODOO
gooooboobooboboobuoobuooboRrRpObUOObbOODDOO
gooobooboobobobodoRpUObb0ObODbODbDOODODODODLO
gobggobboboooobobbouoooobboboooobbboooan
gobbobuoooobobobboooooboobbbboooobobboooon
gobbboogobbbuoooobobbuoooboboboooobbbooon
gobbboooobbboooobo

gbooboboooboob REOODODbOODOODODODODOODO
goboood
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6.2 UULOOOLOUOOOOOOO

O00o0o0o0oOoooobooogoo sspOobooboboOooboOoboooOoDO
gbbooobouogbbogobbogbuogbibdstereldboonooogn
gobbboogobobbooodgboboboooobboboooobo

O00O0o0ooO0oboobo0oboooobooooo sSsSspooboOoboOoOoDOO
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exec test(r) - test(m)- write - D1$ D2§ - window
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exec test(r) . test(m). write . DI1S$ D2$ . window
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