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351 00000

0000000000000000000000000000000003-13]
0000000000000 000003-2000000000000

D0000O0O0ORISCOOODOO32biI 000000000000 OMIPS
00000000000 O00[Gress830 00000000000 MOODONOO
0000000000000 000000000000000000000000
000000000000 0000000000000000OMIPSOO0000
0000000000000 000000000000000000000MmMO0
0000000000000 000000000000000000000000
000000000000000000000

00000000000 0032pit0000M000000000000000
0 O [Yasumura 85][Jippo 87] D0 0000000000000 O0O00O0O0O0O
00000000000000000000000M 0000000000000
0000000000000 000000000000000000000000
0o0oooooO

Representative scalar instruction format (scalar integer/float operation)

31 29 28 24 23 16 15 8 7 0
1 L1 1 1 L1 11 1 11 L1 11 1 11 111 1 1 11
Type Detail Source 1 Source 2 Destination

(operation type)
Opcode >l Operands >

Type=000:Load Type=100:Jump

Type=001:Store Type=101:Compare and Jump

Type=010:Integer operation Type=110:Vector instruction
Type=011:Floating operation Type=111:(undefinded)

Representative vector instruction format (vector integer/float operation)

31 29 28 2120 18 17 12 11 65 0
1I 1IO I I I O I | [ L 11 1 1 I I I | I I I |
Type=Vector Detail VMR VR Source 1 VR Source 2 VR Destination
(operation type)
Opcode > Operands =I
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Instruction Type Pipe- Description
stage
. . IF fetch instruction from memory
All instructions - - X
ID decode instruction / source register fetch
ALU  [ALU operation
integer MEM | no operation
operation WB write back to distination register
FWB [no operation
ALU [send source value to floating pipeline
floating MEM |no operation
operation WB floating(A/S) pipeline -> dest reg (add/sub)
Scalar FWB |floating(M/D) pipeline -> dest reg (mult/div)
ALU  |ALU operation (address calculation)
MEM |memory access
load/store ; v — -
WB write back to distination register
FWB [no operation
ID send jump displacement to address ALU
umo/ ALU  |ALU operation (compare & jump)
Jump. . MEM |no operation
compare&jumy 5 — , . .
WB write back to distination register (jump&link)
FWB [no operation
vector ALU | parameters(addr etc.)->vector Load/Store Unit
load/store initiate VLU/NV/SU
Vector | vector ALU | parameters->vector int/logic pipe controller
intlogic initiate vector int/logic pipe controller
operation
vector ALU | parameters->vector floating pipe controller
floating initiate vector floating pipe controller
operation
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NOPO O OOo4Qoaoono
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gbogbooboobooobobbooboboobobnoonbo
gooobobooobooouoobooboboobobooboboooobooon
gogoooboooobotboooboobooboobobooboboobon
goboooooobooooobboog
ooodsgs4dligooooooooooooooooobomoooooo
goobodos-4u0ooooobooouobobooobobooobbooobboog
gbogooobgogobooboobobooboboobobooboboobonn
godoooboooobooboobobobooboobobooboboobonn
gogoooboooobotbooobobobooboobobooboboobon
goboboooooobbooobobobooooobbobooooobbooooobbooog
goboooooobbooooobon
ggobobooooobboooobobooooobboooobboooooboo
goooogo

1H)0o00000000000go
ggbbooooboooboboouobboooobooobboooos1saod
gooboduobbooobbooboboooboboouobobos1eggobooog
O00oogooobbooOoO0O00000m@oobbDoDOUOd%fpd%lroOn
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IPO/IP1 scalar 1P2/IP3 scalar IPO/IP1 vector __IP2/IP3 vector

= o= = = =2 = = = 5 o == =
§ 8583832385828 388¢838¢82¢8S5
2§ - g &5 % g 2= %ag &= =
T 2 5§ >z 2 845>z 22 >z 2 8 >
g g 8 c g g8 & ¢ g O C g O c
o3 UECEo® 3 0OEEd UEES UL
c g@gc gggc @ g c 2 9
2 &< 3 &< § < G <
[Cinteger ALU
3| load/store
2 jump/compjump
2]
8 | float ADD/SUB
% |_float MULDIV
_ [integer ALU
]
D load/store
T
;’ jump/compjump
g_g float ADD/SUB
L float MUL/DIV
T [ integer ALU
=
2| load/store
é float ADD/SUB
S | float MUL/DIV
E_integer ALU
Q| load/store
é float ADD/SUB
S [float MUL/DIV

oooooo@Eoooooooao) I:IDDDDDDDDD
.DDDDDDDDDDDDDDDDDDDDDDDDDD
|IIIIDD[IEIDDDDDDDDDDDDDDDDIPDDDDDDDDDD
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stb %sp,-4,%fp ; ooooooooooo

stb %sp,-8,%lr ; oooobooooon

addi -8,%sp,%fp ; ooooooooooo

jmpl proc 0000000000 (DOO0000%lr)
nop ; gooooodo

(0000000000@D00000000)

proc: addi lval,%fp,%sp ; goooooodwa O)OOO
(0000000D0000oo0)
addi %fp,8,%sp ; OO0O0D0OoOooooog
Idb %fp,4,%fp ; gooodouoooo
Idb %fp,0,%lr ; O000000o0oon
jb %Ir,0 ;%Ir dooooooood
nop ; goooooon

Gyoobooobooobooobo@Eoboboboboobooog)
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0O A
O
O
O
E %Sp —»
] ogono
[l ggono
O 0ooo
ggg
ogono
ggono
%fp > %fp >
O %lr O %lr
%sp —» %Sp—» [ %fp [ %fp %Sp—p
0000 ooog oood oooo
o000 good oood ggono
0000 ooog oood oooo
o000 good oood ggono
0000 ooog oood oooo
%fp —» %fp —»
@ ooooono () ODOOO (couoooao @ oooo
0000 oooo oono gono
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0000000000 UUUUO®RIrDO O
goooboooooobbowhhv bbb Ooobooboboboooooo
0 000000000000 00000%fp00000%r000000000
gooooogg

ggooooooobooooboooooboooooobooooobooboomrobbon
gobboooooboobboooobobooouobboooobboooobbooa
goboodoobboos-1oobooouobobooooboooboboooboboog
gboobboobboobbom@moobobooosboobuo200boobbooon
goobooogg

QU000Db0O0O0ODOOOoObOoObODbDOOn

ggooboboooooobboooobooooobbooooobbooooboo
goboboboooobobbooobboboooobbooobobbooobobbooog
gobobooooobbboooobbooouobbooobobboooobbooo
godbooooobboboooobbooouobboooobboooouobboooo
gbooboboboooboobobobooobouoobobos1gogmoooon
gobobooooobbooobobooboooobbooboooooboboooooobboog
gobobooooobbooobobooouobboooobboooobbooa
gobboooobboooobboooobboooobboooboooomwrocoog
godoboooodoboboboooob™obboooobbooobboooobbooooo
gipdboooobbooooboogobooooobboooobbooooboUoo
godbboooobbooooobboooouobbooooobboooooboboooo
goboooooooooooobnbon

JJppo0ooooooon
Q00000O0bOoOobOobOoOoooOboOoobOoODOODOOOOOODODODODODUOUOUOOO
gogdooobgooooboobooboobooboobobooboboobonn



IPO IP1 IP2 IP3
jmpl proc  stb %sp,-4,%fp stb %sp,-8,%Ir nop
addi -8,%sp,%fp nop nop nop ; oooooooo

@UObO0b0oobobooboboobobobobobobOoEmbooboonon)

IPO IP1 P2 IP3
jb %lIr,0 addi %fp,8,%sp ldb %fp,0,%Ir Idb %fp,4,%fp
nop nop nop nop ; goboooood

@oOOoOOobooboobooboobooboooboobo

g3-170buuobngogubouooubobougooouoooon
gobogooooogd
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for i=0 to 127 do d[i] = a[i] + b[i] * cIi]
(a) Source Program.

Po—+ Y+ 1y
i=0 Comp Cond. Addr Load Addr Load Addr fmul Load Addr fadd i=  Jump store
arei, Jump Calc b[i] Calc c[ii] Calc t=bxc afi] Calc t=t+a i+1 d[i]
127 L Al cli] ali] d[i] (delay slot)
Exit loop (b) 1-1P scheduling.
Po—+Y 4y
i=0 Comp Cond. Addr Load Addr Load Addr fmul Load Addr fadd i=  Jump store
arei, Jump Calc b[i] Calc c[] Calc t=bxc af] Calc t=t+a i+4 d[i]
Pl I127 l Ib[|] | Ic[|] | Ia[l] l | Id[|] | | | I(delaylslot)
i=1 Addr Load Addr Load Addr fmul Load Addr fadd i= store
Calc Dbl Calc c[] Calc t=bxc af] Calc t=t+a i+4 d[i]
P2 | | Ib[l] | Ic[|] | Ia[l] I | Id[|] | | | I(delaylszlot)
i=2 Addr Load Addr Load Addr fmul Load Addr fadd i= store
Calc Dbl Calc c[] Calc t=bxc af] Calc t=t+a i+4 di]
Pty A i, (deys
i=3 Addr Load Addr Load Addr fmul Load Addr fadd i= store
Calc b[i] Calc c[] Calc t=bxc a[] Calc t=t+a i+4 d[i]
bli] cli] ali] d[i] (delay slot)
Exit loop (c) 4-IP scheduling.

(loop unroled four times)
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for i=0 to 127 do d[i] = a[i] + b[i] * c[i];

(a) Source Program

| | | | 1 | 1 | 1 | 1 1
Vector Vector Vector Vector Vector Vector

Load Load Mult Load Add Store
b[0]Od (Wait) c[0]0 (Wait) VROx (Wait) a[0]0 (Wait) VR3+ (Wait) VR4->
b[127] c[127] VR1 a[127] VR2 djojg
->VRO ->VR1 ->VR2 ->VR3 ->VR4 d[a127]

(b) Vectorized code

03-19 Uilddouuuooooobobobobooooouoogd
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LDI 100,%VACRO ; goooboogono
VADD VRO,VR1,VR2 ; OQO4OQOOOOO

L1: CMPI0,%VACRO ;VACRO goonooooodod
JC Nz,L1
NOP ;delay slot

g3200000boooboooooooooooooon



for i=0 to 127 do s = s + alil] * bli];
(@O00000000

for i=0 to 127 do t[i] = a[i] * b[i]; <« 000000000oo|
for i=0 to 127 do s = s + t[il;

() 000000000000
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godoooboooobotobooboboooboobobooboboobon
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godoooboooobotoboobotobooboobobooboboobon
godoooboooobotoboobobobooboobobooboboobon
40 000o0o0obogoobooobouo4boobooboo4d4bnoobnoo
goobboooooobboooobobooouobboooobboooobboOoa
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godoooboooobotoboboobooboobobooboboobon
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TaglOP| S, a(S:)| S: a(S:)] D o (D)p (D)

------------------------

oo | ap/Ro} 0 [R1 0 [-RO 0 o |o
T [ [ap| R L0 R?’o = o o o
2 (o[ ro L17[Re 17[R0 1 14
3|aD|Ra 0 [R5 0 |R&e 0 0 |0
14 |AD| R6 0 R7 0 R6 0 o lo
5|AD|R4 1 |R6 1 |R4 1 1 |4
I6 |AD| RO 2 R4 2 RO 2 2 8

..........

O0D0000000000D0D00D)OEee 000

P =a(S:)+a(S:)+a (D)+p D)
sls)sislssinls)=ia]si=la]sinls]=

oooobooggon4oooooon
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0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000040000000000000000000000000
0D0O0O00D000B3-230 0 0 [Saitoh 941

00000000000 0000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0 O [Sasaki 94][Katahira 948 D 0000 IPOO0O0O0O000O0O0O0O000O0O00O
0000000000000000000000000000

00000000000 0000000000000000000000000

ooooono
for k :=1tondo
begin
X[k] := q + y[K] * (r * zx[k+10] + t * zx[k+11]);
end

ggooboboooooobboooobobooooobbooooobbooooboo
gooooooboooboboboboboboboowhyoooooooogog

L5:1d %L.9,%L1,%L2
mul %L5,%L2,%L2
ld %L0,%L1,%L3
mul %L4,%L3,%L3
add %L.2,%L.3,%L2
Id %L4,%L1,%L3
mul %L2,%L3,%L2
add %L6,%L2,%L2
st %L7,%L1,%L2

10: addi  %L2,1,%L2

11: cmp %L2,%L5

12: jc LEL5

13: addi  %L1,4,%L1 ;delay slot of jc

gboboooobobobuoooobobo40oboboobobuobon
goooooboobooo
LMo oDoooboooobooooooDoDooooOoDooooDooo
000000000000 000 (initiation interval, N0 O O



for (i=0;i<N; i++) {

A
B
C
D
}
(00000000
Iteration
Ao
Bo A
Co B. A;
Do C. B: As

Dl CZ BS A4

Di—3 Ci—2 Bi—l Ai

DN—4 CN-3 BN-2 AN—l
DN.s CN.z BN—l
DN-2 CN-l

V Dn -1

(00000000000

e

=
LI

03-23 UUU0Uoogooooooon
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b Ao
oooon Bo A
CO Bl Az

for (i=3;i<N;i++){

0ooo Dis | Co [ Bii | A
}
------------------ Dn.-s|Cn-2|Bns
ooood Dy .2 | Cx -1
b, D

(coooboboobobobobooboboo
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ooooooobbbobobOomooo0o0ooo0ooooogg@mooooooo
goonoooobooobooobooobooboooboobbooboboog
gboobboobbooboboobobouobobobobbo4saobooboobooboo
godbooooobboooobboooouobbooooobbooooobboooo
godoboooooboobooooobbooooobobooooobbooooobooog
goboboooooobbooooboooouoobobobooooobboooooobbooog
goooobboooobbooboooboobboobboobonoooboobooa
goboboooobbooooobboogoo

[ = [000 /max@0O0000,0000)]
[13 / 4]

[3.25]

4

OO0O0O0oO0oOoO[ooooao (ceiling function OO0 00O

bbb onooooo
oot ouoooboobouoooboooboonoouoo
oo oouoobooooooooooooooooo
gofdboooboooobotboboobobobobooboboobobooboon
godobooboooobotbobooboboboobuoobobuoobobooboo
dodboboboboboboboboboboboonNnobobooooboogo
0o00b0ob00ob0ob0obobobobobobobOobOoboOobOonDdY%Ll2ao
onuoouooogogao

gbogoogood

max Q00000000 O000)/1]
[9/ 4]

[2.25]

3

gbogbooobooonooooooooooooooooooooooooon
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gobboboooobobobbooobobobooooboobooo

IP1 P2 IP3 IP4
addi st add Id
nop addild mul
nop cmp mul Id
nop jc add mul
addi st add |Id
nop addild mul
nop cmp mul Id
nop jc add mul
addi st add Id
10 nop addi ld mul
11 nop cmp mul Id
12 nop jc add mul

CoOoO~NOUITRhWNE

O0o00oO0oOgoooo@-4,5-8,9~“ 1200000000000 DODO0O0mMOoOoOoO
gogbooboobooboouobobobooobobobooobobimiPoob
goo

ggooboboooooobboooobobooooobbooooobbooooboo
goboboboooobbboooobbobooouobboooobboooobboog
gbogbooobogooooboon

000000000 ooooooDbDbo
goobooobooooboboboobotbobooboobobooboboobon
oo00ODODODbOOO00oO0o0oOo0o0oooboOoOoDDDbDbObOOoOoOoOooOoOoooDo|(
U OUOUoooooobooooouooooboooououoobobooooogo
oW DD DO
dddd0d0o0ooouoooooooooooooooooowBoOoooDoD
googbobooooodoooboboomwrodooboboboooboomwroobgn
godoooobooobbooguoo3-24dooooobooobouoobobooog
gomroooooobooooobooooobooooobbooobboooobooo
gobooowrgobboooobboooobbooobooon

goooboooooboboooobbooobbooobbbooobboogoo
gbgbooobgobooboboobobbooboboobobooboboon
gooobooobooooboobooboboooboobooboobooboboon
goobooboboooboboooboboooboboobobooboboon
goooond

IP1 IP2 IP3 IP4
addi %G1,4,%G1 st %G7,%G1,%F2 add %F2,%F3,%L2 Id 9%G3,%G1,%L2



for i1=3;i<N;i++){

Di-3 Ci—2 Bi-l Ai

}

@UO0b00oobouooboooboooboooog
gbooboooooo

IP1 P2 IP3

gidddodoooooooooooaoo

—P- 00000

G)DobOo0oboobooooooooo
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nop addi %G2,1,%G2 Id  %G4,%G1,%L3 mul %G5,%L2,%B2

nop cmp  %G2,%G5 mul  %L2,%L3,%L2 Id 9%GO0,%G1,%L3
nop jc  LEL5 add 9%G6,%L2,%B2 mul %G4,%L3,%B3
§ 36 OO
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