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FRFBA A BT EAVFRHELSC 1991 4E 2 J.

(3£ 90) # Ei3A : “SIMP(H—n4ifl/ S ED/3A 75 4 7)) FHRUIEDT (2 —r8—
A% Z - 70ty oYK BHEE A BNz HE, CPSY-90-54, 1990 (c) K
E7H.

(M= 91a) MEIIH : “DSNBIZ—s¥—2 45 - FatyH - FOrsL700—F /2
T RAT T A2 SRS, ARC-86-4, 1991 4E1 A.

e Hitachi On-chip Multiple Superscalar Processor

o Metaflow Lightning

e IBM RISC System/6000
e Intel 1I960CA

e National Semiconductor Swordfish
(M= 91b]) MEIZA : “DSNBIZ—/—2 %5 - FOtvY - 7O+ 447 —T—%5

ZFXBLUMHMNI—F - 25V 2—) 71T 2 RAFI—, HHRUIF AT
AELS R A091, 1991 4E 5 .

e Motorola 88110
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Table A.1 FRRARIEE (XFZ101)
Kyushu DDUS Kyushu DSNS
Category DDU DSN
Instruction Degree of Fetch 4 4
Fetch Fetch Boundary Variable Fixed
Line Crossing Disallowed
Line Size 16 Instructions 16 Instructions
Functional Uniformity Uniform Nonuniform
Units Typex Number a. General-purposex4 a. Integerx4
- Integer ALU (include b. Floating-point x4
Load/Store, Branch c. Load/Storex?2
- Integer Multiplier d. Branchx1
* Floating-point ALU e. Controlx2
- Floating-point Mul.
Instruction Degree of issue 4 4
Issue ClassxNumber a. Anyx4 a. Integerx2
b. Floating-pointx2
c. Load/Storex?2
d. Branchx1
e. Controlx?2
When Hazard Resolved? Dynamic Dynamic
Code When? Dynamic Static
Scheduling Techniques Extended Tomasulo
Algorithm
Ordering Execution Order Out-of-order In-order
Completion Order Out-of-order Out-of-order
Branch Policy Dynamic Branch Static Branch
Handling Prediction + BTB Prediction + BTB

Speculative
Execution

Recovery

Precise-interrupt Scheme

First Announce

Conditional Mode
+ Reorder Buffer
Selective Squashing
Reorder Buffer
1987

150

Conditional Mode
+ Dual Register File
Pipeline Flush

Weakly Precise Interrupt

1990

Instruction
Fetch

Functional
Units

Instruction
Issue

When I
Code

Scheduling

Ordering

Branch
Handling

Precise-

Table A.2 MREARIEHE (XKELD 2)

Stanford TORCH

Stanford MATCIH

Category SSN DDN
Degree of Fetch 2 2
Fetch Boundary Fixed Fixed

Line Crossing
Line Size
Uniformity Nonuniform Nonuniform
TypexNumber a. Integerx3 a. Integerx3
b. Floating-pointx4 b. Floating-pointx4
c. Load/Storex?2 c. Loadx2
d. Branchx1 d. Storex2
e. Branchx1
Degree of issue 2
Classx Number a. Integerx?2 a. Integerx?2
b. Floating-pointx2 b. Floating-pointx2
c. Load/Storex?2 c. Loadx?2
d. Branchx1 d. Storex2
e. Branchx1
lazard Resolved? Static Dynamic
When? Static Dynamic
Techniques Tomasulo Algorithmn
Execution Order In-order Out-of-order

Completion Order
Policy

Speculative
Execution
Recovery

interrupt Scheme

First Announce

Out-of-order
Static Branch
Prediction
+ Delayed Branch
Boosting
+ Shadow Structure
Pipeline Flush
Future File
1990
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Out-of-order
Dynamic Branch
Prediction + BTRB

Conditional Mode
+ Reorder Buffer
Pipeline Flush
Reorder Buffer

1990



Table A.3 MREAREH (EXTD1)

Matsushita OMEGA

Mitsubishi SARCH

Table A.4 MRAREHE (EXEZD 2)

Hitachi On-chip Multiple
Superscalar Proccesorst

Metaflow Lightning

Precise-interrupt Scheme

First Announce

Directly Tag Compare
1991
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Category DSN DSN
" Instruction Degree of Fetch 2 4
Fetch Fetch Boundary % Fixed
Line Crossing 4
Line Size 4 Instructions ?
Functional Uniformity Nonuniform Nonuniform
Units TypexNumber a. Integer, . Integerx 3
Load/Storex1 b. Load/Storex1
b. Integer, Storex1 c. Branchxl1
c. Floating-pointx2
d. Branchx1
Instruction Degree of issue 2 4
[ssue Classx Number a. Integerx2 . Integerx3
b. Loadx1 b. Load/Storex1
c. Storex?2 . Branchx1
d. Floating-pointx2
e. Branchx1
When Hazard Resolved? Dynamic Dynamic
Code When? Static Static
Scheduling Techniques
Ordering Execution Order Out-of-order In-order
Completion Order Out-of-order Out-of-order
Branch Policy Static Branch Static Branch
Handling Prediction Prediction
+ Delayed Branch + Delayed Branch
Speculative Boosting
Execution
Recovery Pipeline Flush

2

1991

Category DSN DDN
Instruction Degree of Fetch 2
Fetch Fetch Boundary Variable
Line Crossing Allowed
Line Size 8 Instructions
Functional Uniformity Nonuniform Nonuniform
Units TypexNumber a. Integer, a. Integerx?2
Load /Storex1 b. Floating-pointx 2
b. Integer, Branchx1 c. Load/Storex1
d. Branchx1
Instruction Degree of issue 2
Issue Classx Number a. Integerx?2 a. Integerx2
b. Floating-pointx2 b. Floating-pointx2
c. Load/Storex2 c. Load/Storex1
d. Branchx1 d. Control x2
When Hazard Resolved? Dynamic Dynamic
Code When? Static Dynamic
Scheduling Techniques Register Renaming
Ordering Execution Order In-order Out-of-order
Completion Order In-order Out-of-order
Branch Policy Dynamic Branch
Handling Prediction + BTB(?)
Speculative Conditional Mode
Execution + Reorder Buffer
Recovery Pipeline Flush
Precise-interrupt Scheme Reorder Buffer
First Announce 1991 1991
tA chip contains two superscalar processor§
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Category

Instruction
Fetch

Functional

Units

Instruction
Issue

Degree of Fetch
Fetch Boundary
Line Crossing
Line Size
Uniformity
JTypexNumber

Degree of issue
ClassxNumber

When Ilazard Resolved?

Code
Scheduling
Ordering

Branch
Handling

When?
Techniques
Execution Order
Completion Order
Policy

Speculative
Execution
Recovery

Precise-interrupt Scheme
First Announce

Table A.5 T (ZD1)
RISC System/6000

Intel iI960CA

DDN DSN
4 Jor 4
Variable Variable
Allowed Allowed
16 Instructions 8 Instructions
Nonuniform Nonuniform

a. Integer,
Load/Storex 1
b. Floating-pointx1

c. Branchx1

d. Controlx1
4
a. Integer,
Load/Storex1
b. Floating-pointx1
c. Branchx1
d. Controlx1
Dynamic
Dynamic
Register Renaming
In-order
Out-of-order
Predict-untaken

Conditional Mode

Pipeline Flush

Guarantee-not-interrupted

1990
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. Integerx1
b. Load/Storex1
c. Branchx1

. Integerx1
b. Load/Storex1
c. Branchxl1

Dynamic
Static

In-order
Out-of-order
Static Branch
Prediction
Conditional Mode

Pipeline Flush

1990

Table A.6 TR (XD 2)
NS Swordfish Motorola 88110
Category DSN DS(D)Nt
Instruction | Degree of Fetch lor?2
Fetch Fetch Boundary Fixed Variable
Line Crossing Allowed(?)
Line Size 1 or 2 Instructions 8 Instructions
(8 bytes)
Functional Uniformity Nonuniform Nonuniform
Units TypexNumber a. Integer, a. Integerx4
Load/Storex1 b. Floating-pointx 2
b. Integer, c. Graphicsx?2
Load/Stor d. Load/Storex1
Floating-point, e. Branchx1
Branchx1
Instruction Degree of issue 2 2
Issue ClassxNumber a. Integerx?2 a. Integerx?2
b. Floating-pointx1 b. Floating-pointx?2
c. Load/Storex?2 c. Graphicsx2
d. Branchx1 d. Load/Storex1
e. Branchx1
When Hazard Resolved? Dynamic Dynamic
Code When? Static Static (+ Dynamic)t
Scheduling Techniques Reservation Stationst
Ordering Execution Order In-order In-order
Completion Order In-order Out-of-order
Branch Policy Predict-taken Dynamic/Static(?)
Handling Branch Prediction + BTB
Speculative Conditional Mode
Execution + History Buffer
Recovery Pipeline I'lush
Precise-interrupt Scheme Ilistory Buffer
First Announce 1991 1991

1The order of Load/Store instructions are scheduled dynamically using store reservation stations.
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{13% B

RMETOEy YOGS —E

FLBI

B

OP.code :

GR
FRys
FREd
TR
TBR
PC
Reg.
Imm.n
Cond.
tag
FU

d

: boost bit

Operation code

. General Register

. Floating-point Register (single)
. Floating-point Register (double)
: True/False Register

: Trap Base Register

: Program counter

: Register

: n bits Immediate

: Condition

: Tag field of Register

: Functional Unit

: don’t care
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:0or1l

: add

: subtract

: multiply

. divide

: logical and

: logical or

: exclusive or

: if @ then b else ¢

: complement

: absolute

. left shift

. rgiht shift

: Wrapped Numbers
: Unrounded Normalized Numbers

: Denormalized Numbers

B.1

GRDav7F4¥3v - 74=NVF (GRY7)IB4EYPRT, UTDT7 14— F %$>

N(negative): Sign Flag

Z(zero): Zero Flag
V(oVerflow): Overflow Flag
C(Carry):  Carry Flag

FROa7F 4232 74—VF (FR¥7)B4EYMRT, UTD7 4 —VF %240, 28,
ETirRL Y, HaY

REF X A NB IS L A4

| e
0000 | Equal
0001 | Less than
0010 | Greater than
0011
0100
0101
0110
0111
thOO
1001
1010

TIIBMERA Y b &N B,

Result = +0 or —0, exact

Result = +infinity or —infinity, exact
Result finite and # 0, exact

Result finite and # 0, inexact

— not used

Overflow & inexact

Underflow

Underflow & inexact

Operand A is denormalized

Operand B is denormalized

Operand A & B are denormalized

1011
1100

Divide by zero
Operand A is NaNt

1101
1110

1111 | Unorderd
t Not a Number

Operand B is NaN
Operand A & B are NaN

Invalid Operation
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~ — p—
B.2 SDEEREHERTEICHIIFH—FE
-GR VYA D7 A b &t
Mnemonic Condit

T True 0000

I False 0001 0

I High 0010 C-Z

LS Low or Same 0011 C+7Z
NC Not Carry 0100 C

© Carry 0101 C
NZ Not Zero 0110 Z

7/ Zero 0111 Z
NV | Not Overflow | 1000 v

Vv Overflow 1001 V

2 Plus 1010 N

M Minous 1011 N
(CE Greater or Equal | 1100 N-V+N.V
)GAF Less Than 1101 N-V+N.V
GT Greater Than 1110 | N V- Z4+ N -V .- Z
LE Less or Equal 1111 N+ N -LVJ+ NV

- : logical and + : logical or X : not

"FR VYRS DT A&

Mnemonic Condition Test Operation
T True 0000 i
F False 0001 0
U Unordered 0010 U
G Greater 0011 G
UG Unordered or Greater 0100 G+U
L Less 0101 L
UL Unordered or less 0110 L+U
LG Less or Greater 0111 L+G
NE Not Equal 1000 L+G+U
E Equal 1001 E
UE Unordered or Equal 1010 E+U
GE Greater or Equal 1011 E+G
UGE Unordered or Greater or Equal | 1100 E+G+U
LE Less or Equal 1101 E+L
ULE Unordered or Less or Equal 1110 E+L+U
Ordered 1111 EF+L+G

+ : logical or

U : Unordered (1111)
L : Less (0001)

E : Equal (0000)
G : Greater (0010)

B.3 DDUS 7Oty #NHS—E

Figure B.1

A

DDUS 7ty HD&GH I+ —~v v b



Floating-point Load/Store Instructions

Table B.1 DDUS 7 At v #DHER

Integer Load/Store Instructions
ID OP Imm opP2 Mnemonic Operation
00 | 0000 0 | 0ddddd | LDBS GR = Signed memory(GR + GR)
00 | 0000 1 0ddddd | LDBS GR = Signed memory(GR + Signed Imm.11)
00 | 0001 0 0ddddd | LDHS GR = Signed memory(GR + GR)
00 | 0001 1 0ddddd | LDHS GR =_Signed memory(GR + Signed Imm.11)
00 | 0010 0 0ddddd | LDW GR = memory(GR + GR)
00 | 0010 1 0ddddd | LDW GR = memory(GR + Signed Imm.
00 | 0011 0 | 0ddddd | LDL GR = memory(GR + GR)
00 | 0011 0ddddd | LDL GR = memory(GR + Signed Imm.11)
00 | 0100 0 0ddddd | LDBU GR = Unsigned memory(GR + GR)
00 | 0100 1 0ddddd | LDBU GR = Unsigned memory(GR + Signed Imm.
00 | 0101 0 0ddddd | LDHU GR = Unsigned memory(GR + GR)
00 | 0101 0ddddd | LDHU GR = Unsigned memory(GR + Signed Imm.11)
00 | 0110 0 0ddddd | LDSR SR = Signed memory(GR + GR)
00 | 0110 1 0ddddd | LDSR SR = Signed memory(GR + Signed Imm.11)
00 | 0111 0 0ddddd | STSR memory(GR + GR)
00 | 0111 1 0ddddd | STSR memory(GR + Signed Imm.11)
00 {1000 | 0 | 0ddddd | STB " memory(GR + GR)
00 | 1000 I 0ddddd | STB memory(GR + Signed Imm.11)
00 | 1001 0 0ddddd | STH memory(GR + GR)
00 | 1001 1 0ddddd | STH memory(GR + Signed Imm.11)
00 | 1010 0 0ddddd | STW memory(GR + GR)
00 | 1010 1 0ddddd | STW memory(GR + Signed Imm.11)
00 | 1011 |10 0ddddd | STL memory(GR + GR)
00 | 1011 1 0ddddd | STL memory(GR + Signed Imm.11)
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(0)% OP2 Mnemonic Operation
00 | 1100 0 0ddddd | LDFS FR.s = memory(GR + GR)
00 | 1100 1 0ddddd | LDFS FR.s = memory(GR + Signed Imm.11)
00 | 1101 0ddddd | LDFD FR.d = memo
00 | 1101 0ddddd | LDFD FR.d = memory(GR + Signed Imm.11)
00 1110 0 0ddddd STFS memory(GR + GR) = FR.s
00 1110 1 0ddddd STI'S memory(GR + Signed Iimm.11) = FR.s
00 1111 0  0ddddd STFD memory(GR + GR) = FR.d
00 1111 1 0ddddd STI'D memory(GR + Signed Imm.11) = FR.d
Shift, Monadic Operation, Bit Operation Instructions
OP Imm op2 Mnemonic Operation
00 0000 0 lddddd | SHA GR = GR <« GR or GR = GR » GR
00 0000 1 1ddddd | SHA GR = GR <« Imm.5 or GR = GR > Imm.5
00 0001 0 lddddd | SHL GR = GR <« GR or GR = GR » GR
00 0001 1 lddddd | SHL GR = GR <« Imm.5 or GR = GR > Imm.)
00 0010 0 lddddd | ROT GR = GR rotate GR
00 0010 1 lddddd | ROT GR = GR rotate Signed Imm.6
00 0011 0 lddddd | NEG GR = (-GR)
00 0011 1ddddd
00 0100 0 lddddd | EXTB GR=(GR& (1< GR))?1:0
00 0100 1 lddddd | EXTB GR=(GR & (1 « Imm.5))?1:0
00 0101 0 lddddd | SETB GR = GR | (1 « GR)
00 0101 1 lddddd | SETB GR =GR | (1 « Imm.5)
00 0110 0 1ddddd | RESB GR =GR & (1 « GR)
00 0110 1ddddd | RESB GR = GR & (1 < Imm.5)
00 0111 0 lddddd | PRIOR GR = priority(GR)
00 0111 1 1ddddd
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Rotate, Move Operation Instructions

162

ID  OP  Imm op2 Mnemonic Operation
i 00 | 1000 0 lddddd | SLBZ GR =GRk 1

00 | 1000 1 1ddddd

00 | 1001 0 lddddd | SLBC GR =GR k1

00 | 1001 1ddddd

00 | 1010 0 1ddddd | SRBZ GR=GR >»1

00 | 1010 1 1ddddd

00 | 1011 0 lddddd | SRBC (CIRT= CIRS

00 | 1011 I 1ddddd

00 | 1100 0 1ddddd | SRBS R =CLo> 1

00 | 1100 1 1ddddd

00 | 1101 i 1ddddd

00 | 1110 0 lddddd | MOV GR = GR

00 | 1110 1 1ddddd

00 | 1111 0 lddddd | MOVS SRE=RST

00 | 1111 1 1ddddd

Dyadic Operation Instructions

OP Imm  OP2 Mnemonic Operation
01 | 0000 0 | 0ddddd | AND GR = GR & GR
01 | 0000 0ddddd | AND ‘ GR = GR & Signed Iinm.11
01 | 0001 0 0ddddd | XNOR GR = ~(GR ® GR)
01 | 0001 0ddddd | XNOR ‘ GR = =(GR ® Signed Iinm.11)
01 | 0010 0 0ddddd | ADD GR = GR + GR
01 | 0010 1 0ddddd | ADD GR = GR + Signed Imm.11
01 | 0011 0 0ddddd | ADDC GR =GR + GR + Cy
01 | 0011 1 0ddddd | ADDC GR = GR + Signed Imm.11 + Cy
01 | 0100 0 0ddddd | SUB GR = GR - GR
01 | 0100 1 0ddddd | SUB GR = GR - Signed Imm.11
01 | 0101 0 0ddddd | SUBC GR =GR - GR - Cy
01 | 0101 1 0ddddd | SUBC GR = GR - Signed Iinm.11 -Cy
01 | 0110 0 0ddddd | OR GR =GR | GR
01 [ 0110 0ddddd | OR GR = GR | Signed Imm.11
01 | 0111 0 0ddddd | XOR GR = GR® GR
01 | 0111 1 0ddddd | XOR GR = GR ® Signed Imm.11
01 | 1000 0 0ddddd | MULWS GR = GR x GR
01 1000 1 0ddddd MULWS GR = GR x Signed Iinm.11
01 1001 0  0ddddd MULLS GR = GR x G
01 1001 1 0ddddd MULLS GR = GR x Signed Imm.11
01 1010 0 0ddddd MULWU GR = GR x GR
01 1010 1 0ddddd MULWU GR = GR x Unsigned Imm.11
01 1011 0 0ddddd MULLU GR = GR x GR
01 1011 1 0ddddd MULLU GR = GR x Unsigned Iinm.11
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Field Logical Operation Instructions

Floating-point Operation Instructions

ID OP Imm op2 Mnemonic Operation
01 | 0000 1 1ddddd | FLPAA Yi=Ai, unselect B
01 | 0001 1 1ddddd | FLPBA Yi=Bi, unselect B
01 | 0010 1 1ddddd | FLPAU p>0, Yi=Ai—p or pj0, Yi—|p|=Al
01 | 0011 1 lddddd | FLNAA Yi=Al, unselect B
01 | 0100 lddddd | FLNBA Yi=Bi, unselect B
01 | 0101 1 1ddddd | FLNAU p>0, Yi=Ai—p or pj0, Yi—|p|=Ai
01 | 0110 1 lddddd | FLOAA Yi=Ai|Bi, unselect B
01 | 0111 1 lddddd | FLOAU p>0, Yi=Ai—p|Bi or pj0, Yi—|p|=Ai|Bi—|p|
01 | 1000 1lddddd | FLXAA Yi=AiotimesBi, unselect B
01 | 1001 1 lddddd | FLXAU p>0, Yi=Ai—potimesBi
or pi0, Yi—|p|=Ai®Bi-|p|
01 | 1010 1 lddddd | FLAAA Yi=Ai&Bi, unselect B
01 | 1011 1 1lddddd | FLAAU p>0, Yi=Ai—p& Bi or pj0, Yi—|p|=Ai& Bi—lpT
01 | 1100 1 1lddddd | FLEAU p>0, Yi=Ai—p or pj0, Yi—|p|=Ai
01 | 1101 1 1lddddd | FLEBU p>0, Yi=Bi-p or pj0, Yi—|p|=Bi
01 | 1110 1 1lddddd | FLEAB
01 | 1111 lddddd | FLEBA

oP Mnemonic Operation
10 | 0000 0 0ddddd | FADDS FR.s = FR.s + FRs
10 | 0000 | 1 | 0ddddd | FADDD FR.d = FR.d + FR.d
10 | 0001 | 0 | 0ddddd | FADDS FR.s = [FR.s| + |FR.s]
10 | 0001 | 1 | 0ddddd | FADDD FR.d = |[FR.d| + |FR.d|
10 0010 0 0ddddd | FADDS FR.s = |[FR.s + FR.s|
10 0010 1 | 0ddddd | FADDD FR.d = |[FR.d + FR.d|
10 0011 0 0ddddd | FSUBS FR.s = FR.s — FRs
10 0011 1  0ddddd | FSUBD FR.d = FR.d — FR.d
10 0100 0 0ddddd | FSUBS FR.s = |[FR.s| — |FR.s|
10 0100 1 0ddddd | FSUBD FR.d = [FR.d| — |[FR.d]
10 0101 0 0ddddd | FSUBS FR.s = |[FR.s — FR.s
10 ; 0101 1  0ddddd | FSUBD FR.d = |[FR.d — FR.d|
10 | 0110 0 0ddddd | FMULS FR.s = FR.s x FR.s
10 | 0110 1 0ddddd | FMULD FR.d = FR.d x FR.d
10 | 0111 0 0ddddd | FDIVS FR.s = FR.s / FR.s
10 | 0111 0ddddd | FDIVD FR.d = FR.d / FR.d
Floating-point Move, Convert Instructions
ID OP Pre op2 Mnemonic Operation
10 [ 1100 | 0 | 0ddddd | FMOVS FR.s = FR.s
10 [ 1100 | 1 | 0ddddd | FMOVD FR.d = FR.d
10 [ 1101 | 0 | 0ddddd | FStol GR = FR.s
10 [ 1101 | 1 | 0ddddd | FDtol GR = FR.d
10 | 1110 0 0ddddd | ItoFS FR.s = GR
10 | 1110 | 1 | 0ddddd LItoFD FR.d = GR
10 | 1111 | 0 | 0ddddd | FStoFD FR.s = FRs
10 | 1111 1 0ddddd | FDtoFS FR.d = FR.d




Integer Conditioning Instructions

C&T
TES

Operation
TF = (GR — GR ) tag test con
TF = (GR -
TF = GR.tag test  d.

Floating-point Conditioning Instructions

Imm.6).tag test con

Branch, Call, Trap Instructions

ID OP Pre OP2 Mnemonic Operation

00 | 0100 | O | 10tttt | FC&TS TF = (FR.s — FR.s).tag test cond.

00 | 0100 | 1 10tttt | FC&TD TF = (FR.d — FR.d).tag test cond.
00 [ 0101 | O | L10tttt | FC&TS TF = (|JFR.s| — |[FR.s|).tag test cond.
00 [ 0101 | 1 | 10tttt LFC&:TD TF = (|[FR.d| — |[FR.d|).tag test cond.
00 [ 0110 | 0 | 10tttt | FTESS TF = FR.s.tag test cond.

00 | 0110 | 1 10tttt TF = FR.d.tag test cond.

FTESD

op oPpP2 Mnemonic Operation
11 0000 0 dddddd | BRANCH PC = (TF) ? PC+(GR <« 2) : PC+4
11 0000 - 1 xaxeek | BRANCH PC = (TF) ? PC+(Signed Imm.12 <« 2) : PC+4
11 0001 * dddddd
11 [0010 | 0 | dddddd | CALL GR = PC, PC = (TF) ? PC+(GR < 2) : PC+4
11 | 0010 1 *xxxxk | CALL GRE=NRES

PC = (TF) ? PC+(Signed Imm.12 < 2) : PC+4
11 | 0011 x dddddd
11 | 0100 0 dddddd TRAP PC = (TF) 7 PC+(GR « 2) : PCH+4
11 | 0100 1 FERRKES| TRAP PC = (TF) ? PC+(Signed Imm.12 < 2) : PCH4
11 | 0101 wrroeex | RETT PC = (TF) ? GR+(Signed Imm.12 <« 2) : PC+4
11 | 0110 * dddddd
11 | 0111 * dddddd
Immediate Load Instructions

OP  Pre op2 Mnemonic Operation
11 | 1000 | 0 | dddddd | LDIL GR = Signed Imm.18
11 | 1000 1 dddddd | LDIH GR = Signed Imm.18 < 14
11 [ 1001 | 0 | dddddd | LDFIS FR.s = itofs(Signed Imm.18)
11 | 1001 dddddd | LDFID FR.d = itofd(Signed Imm.18)
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B.4 DSNS 7Oty Hvh&asS—

- Format?2

Group No.

- Format3

Group No.

* Format4

Group No.

Be=

=2

Figure B.2 DSNS 7Oty H¥O&S7+—~< v b

oP.

OP. code

OP. code

OP. code

Dest. Reg.

Dest. Reg.

Source 1 Reg.
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18bit Immediate

18bit Immediate

Table B.2 DSNS 7Oty #DirHE
Group0 (Branch, Jump, Trap)

* branch, branchn

Group No.

Group No.

OP. code

OP. code

TF Register

169

op Mnemonic Operation
0 0000 branch PC = (TF) ? PC+(GR « 2) : PC+4 branch
0 0001 branch PC = (TF) ? PC+(Signed Imm.18 < 2) : PC+4 branch
0 0010 branchn PC = (TF) ? PC+(GR « 2) : PC+4 branch
0 0011 " branchn PC = (TF) ? PC+(Signed Imm.18 <« 2) : PC+4 branch
0 0100
0 0101 jump PC = (TF) ? GR+(Signed Imm.18 < 2) : PC+4 branch
[0 o110
T 0111 jumpn PC = (TF) ? GR+(Signed Imm.18 < 2) : PC+4 branch
0 1000
0 1001
0 1010 trap PC = (TF) ? TBR+((GR & 0x7f) < 4) : PC+4 branch
0 [ 1011 | trap PC = (TF) ? TBR+(Unsigned Imm.7 <« 4) : PC+4 branch
0 | 1100
0 | 1101
0 | 1110
0 | 1111 | tret PC = (TF) ? GR+(Signed Imm.18 < 2) : PC+4 branch
1 privileged instruction

18bit Signed Displacement




Groupl (TF logical & test)

Operation FU
0000 tfand TF = TF & TF tf/test
0001 tfor TF = TF | TF tf/test
0010 tfxor TF =TrF @ TF tf/test
0011 | tfand TF = (GR.tag test cond.) & TF tf/test
0100 | tfor TF = (GR.tag test cond.) | TF t/test
0101 | tfxor = (GR.tag test cond.) & TF t/test
0110 | tfand = (FR.tag test cond.) & T tf/test
0111 | tfor TF = (FR.tag test cond.) |TF tf/test
1000 | tfxor = (FR.tag test cond.) & TF tf/test Group3 (Type Conversion)
sy Mnemonic Operation
1010 | fcat.s TF = (FR.s — FR.s).tag test cond. falu « | 0000 | itofs Flts = GR -
1011 | fcat.d TF = (FR.d — FR.d).tag test cond. falu « | 0001 | itofd FR.d = GR oy
1100 | cat TF = (GR — GR ).tag test cond. ialu « | 0010 | fstoi GR = FR.s -
1101 | cat TF = (GR - Signed Imm.9).tag test cond. ialu * | 0011 | fdtoi GR = FR.d -
1110 | aat TF = (GR & GR ).tag test cond. ialu * | 0100 | fstofd FR.d = FR.s -
1111 | aat TF = (GR & Signed Imm.9).tag test cond. ialu « | 0101 | fdtofs FR.s = FR.d -
* 1 1000 | ustodse D32(exact) = U32 conv
* 11001 | udtodde D64 (exact) = U64 conv
* 1 1010 | ustodsie D32(inexact) = U32 conv
* [ 1011 | udtoddie D64 (inexact) = U64 conv
* | 1100 | dstows W32 = D32 conv
& JllOlh ddtowd W64 = D64 conv
Group2(Move)
Mnemon Operation FU
0000 | greftogr GR = GR.tag conv“e
0001 | grtogref GR.tag = GR conv
0010 | mov GR =GR conv
0011 conv
1000 | frcftogr GR = IFR.tag conv
1001 __grtofrcf FR.tag = GR i conv
1010 | fmov FR.d = FR.d conv
1011 L T
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Group5 (Integer Arithmetic, Bit Operation)

n Operation
* | 0000 | extbit GR = (GR& (1 < GR))?1: 0 ialu
* 1 0001 | extbit GR=(GR& (1l «Imm.5))?1:0 ialu
* | 0010 | setbit GR = GR | (1 < GR) ialu
* | 0011 | setbit GR =GR | (1 <« Imm.5) ialu
* | 0100 | resbit GR = GR & -(1 « GR) ialu
Group4 (Integer Arithmetic) ot b e GR =GR & S esluliy) ialu
_B OP Mnemonic Operation : 132(1) " e 2:2
* 10000 | add GR = GR + GR ialu B =
* 10001 | add GR = GR + Signed Imm.13 ialu
« | 0010 | adde GR = GR + GR + Cy ialu e GR = priority (GR) Ll
* | 0011 | addc GR = GR + Signed Imm.13 + Cy ialu ot L. L]
* [ 0100 | sub GR = GR - GR ialu
* 10101 | sub GR = GR - Signed Imm.13 ialu
* 10110 | subc GR =GR - GR - Cy ialu
* 1 0111 | subc GR = GR - Signed Imm.13 —Cy ialu
* 11000 | and GR =GR & GR ialu
* 11001 | and GR = GR & Signed Imm.13 ialu
* [ 1010 | or GR = GR | GR ialu Group6(shift, SoMhde
* | 1011 | or GR = GR | Signed Imm.13 ialu op Muemonic Operation
: 112? Z:: gii = gi: Z ;Zled — 1:: « | 0000 | shiftz | GR = GR < GR or GR = GR > GR shift
* 10001 | shiftz GR = GR « Imm.5 or GR = GR >» Imm.} shift
i e LRSS 1 L « | 0010 | shifts GR = GR < GR or GR = GR > GR shift
B B o8 = (O A R dY) laky « | 0011 | shifts GR = GR < Imm.5 or GR = GR > Imm.5 shift
* 10100 | rot GR = GR rotate GR shift
* 10101 | rot GR = GR rotate Signed Imm.6 shift
* |1 0111 | slbz GR=GR k1 shift
* 1 1001 | slbc GR=GR k1 shift
* 1 1011 | srbz GR=GR > 1 shift
* [ 1101 | srbc GR=GR > 1 shift
* [ 1111 [ sebs GR = GR > 1 | shift
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Group7(Integer Multiply)

op Mnemonic Operation FU
0000 | muls GR = GR x GR imul
0001 | muls GR = GR x Signed Imm.13 imul
0010 | mulu GR = GR x GR imul
0011 | mulu GR = GR x Unsigned Imm.13 imul
Group8(Floating-point Add, Subtract)

op Mnemonic Operation

0000 | fadd.s FR.s = FR.s + FR.s falu
0001 | fadd.d FR.d = FR.d + FR.d falu
0010 | fadd.s FR.s = |[FR.s| + |FR.s| falu
0011 | fadd.d FR.d = |[FR.d| + |FR.d| falu
0100 | fadd.s FR.s = |FR.s + FR.s| falu
0101 | fadd.d FR.d = |FR.d + FR.d| falu
1000 | fsub.s FR.s = FR.s — FR.s falu
1001 | fsub.d ' FR.d = FR.d - FR.d falu
1010 fsub.s FR.s = |FR.s + FR.s| falu
1011 fsub.d FR.d = |[FR.d + FR.d| falu

Group9(Floating-point Multiply, Divide)

Operation FU
0000 | fmul.s FR.s = FR.s x FR.s fmul
0001 | fmul.d FR.d = FR.d x FR.d fmul
0010 | fmul.s FR.s = |[FR.s| x |FR.s| fimul
0011 | fmul.d FR.d = [FR.d| x |[FR.d| finul
0100 | fmul.s FR.s = FR.d x FR.d fmul
0101 | fmul.d FR.d = FR.s x FR.s fmulh
1000 | fdiv.s FR.s = FR.s / FR.s fdiv
1001 | fdiv.d FR.d = FR.d / FRd fdiv
1010 | fdiv.s FR.s = |FR.s / FRs| 1 ¥ g
1011 | fdiv.d FR.d = |FR.d / FR.d| fdiv
1100 | fdiv.s FR.d = FR:s / FR.d fdiv
1101 | fdiv.d FR.s = FR.s / FR.s i

Groupl0(18 bits Immediate)

oP Mnemonic Operation FU
0000 1dil GR = Signed Imm.18 ity
0001 Idih GR = Signed Imm.18 <« 14 shift
0100 oril GR = GR | Signed Imm.18 ialu
0101 orih GR = GR | (Signed Imm.18 <« 14) ialu
1000 fldil.s FR.s = itofs(Signed Imm.18) conv
1001 fldil.d FR.d = itofd(Signed Imm.18) conv
1010 fldih.s FR.s = itofs(Signed Imm.18 <« 14) conv
1011 fldih.d FR.d = itofd(Signed Imm.18 « 14) conv




Groupl2 (Load)

Mnemonic Operation FU
0000 | Idub.so GR = Unsigned memory(GR + Signed Imm.13) load/store
0001 | ldsb.so GR = Signed memory(GR + Signed Imm.13) load/store
0010 | Iduh.so GR = Unsigned ;nemory(GR + Signed Imm.13) load/store
0011 | ldsh.so GR = Signed memory(GR + Signed Imm.13) load/store
0100 | Idw.so GR = memory(GR + Signed Imm.13) load/store
1000 | Idub.wo GR = Unsigned memory(GR + Signed Imm.13) load/store
1001 | Idsb.wo GR = Signed memory(GR + Signed Imm.13) load/store
1010 | lduh.wo GR = Unsigned memory(GR + Signed Imm.13) load/store
1011 | Idsh.wo GR = Signed memory(GR + Signed Imm.13) load/store
1100 | ldw.wo GR = memory(GR + Signed Imm.13) load/store |
Groupl3 (Load)
Mnemonic Operation 1810
0000 | Idub.uo GR = Unsigned memory(GR + Signed Imm.13) load/store
0001 | Idsb.uo GR = Signed memory(GR + Signed Imm.13) load/store
0010 | lduh.uo GR = Unsigned memory(GR + Signed Imm.13) load/store
0011 | Idsh.uo GR = Signed memory(GR + Signed Imm.13) load/store
0100 | Idw.uo GR = memory(GR + Signed Imm.13) load/store
1000 | flds.so FR.d = memory(GR + Signed Imm.13) load/store
1001 | fldd.so FR.d = memory(GR + Signed Imm.13) load/store
1010 flds.wo FR.d = memory(GR + Signed Imm.13) load/store
1011 fldd.wo FR.d = memory(GR + Signed Imm.13) load/store
1100 flds.uo FR.d = memory(GR + Signed Imm.13) load/store
1101 fldd.uo FR.d = memory(GR + Signed Imm.13) load/store
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Groupl4(Store)
Mnemonic Operation
0 | 0000 | stb.so memory(GR + Signed Imm.13) = GR load/store
0 | 0001 | sth.so memory(GR + Signed Imm.13) = GR load/store
0 | 0010 | stw.so memory(GR + Signed Imm.13) = GR load/store
0 [ 0011 | fsts.so memory(GR + Signed Imm.13) = FR.s load/store
0 | 0100 | fstd.so memory(GR + Signed Imm.13) = FR.d load/store
0 | 0101 | stb.wo memory(GR + Signed Imm.13) = GR load/store
0 | 0110 | sth.wo memory(GR + Signed Imm.13) = GR load/store
0 | OI11 | stw.wo memory(GR + Signed Imm.13) = GR load/store
0 | 1000 | fsts.wo memory(GR + Signed Imm.13) = FR.s load/store
0 [ 1001 | fstd.wo memory(GR + Signed Imm.13) = FR.d load/store
0 | 1010 | stb.uo memory(GR + Signed Imm.13) = GR load/store
0 | 1011 | sth.uo memory(GR + Signed Imm.13) = GR load/store
0 [ 1100 | stw.uo memory(GR + Signed Imm.13) = GR load/store
0 | 1101 | fsts.uo memory(GR + Signed Imm.13) = FR.s load/store
0 | 1110 | fstd.uo memory(GR + Signed Imm.13) = FR.d load/store
0 | 1111
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