Contents

Chapter 1 Introduction
1.1. SPARC Attributes

Design Goals
1.2. SPARC System Components
Reference MMU

Register Windows

Supervisor Software

Memory Model ...
1.3. SPARC Compliance Definitions
L4, SPARC FEAUIES ........cocoooriioiiriririsnsesssssesses s
1.5. Conformability to SPARC
1.6. Fonts in Manual

1.7. Notes

1.8. Glossary

1.9. References

N 0 e R WD NN == e

Chapter 2 Overview

2.1. SPARC Processor
Integer Unit (IU)
Floating-point Unit (FPU)

Coprocessor (CP)
220 INSITUCTIONS .........oooocooeeeeceeeeeeessees oo 11

LLOAA/STOTE ....oooooooooeoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee oo eeeeeeeeeee e 11

Alignment Restrictions



Contents — Continued

Addressing CONVENTIONS ...............cccccoooooceeoroeeoecceeeeeee oo 11
Load/Store AIternate .............ommmmemmseessoeesseessoe 11
Separate I&D MeMOTIES ..., 12
Arithmetic/Logical/Shift ..., 12
Control Transfer ... 12

State ReZISter ACCESS ... 13
Floating-Point/Coprocessor Operate ... 13

2.3, MemOTy MOGEL ..........ooooooooooooeeeeeeeeeeeeee oo 13
14

14

14

17

Chapter 4 Registers 23
L R LGB B 3 4 N (S oo 23
Windowed 7 REZISIETS ... 24
Overlapping of Windows ... 24
Doubleword Operands ...............eeeeeosoeceeeeesessoeeeeeeesesseeeeee, 25
Special F REISIErS | ... 25
REGISIET USAZE ..........ccccccceeeeeeeeeeeeeeeeee oo 25

4.2. TU Control/Status REGISIEIS _.............ccccccoroooooeoeeeeeeocceeeeeee oo 28
Processor State Register (PSR) ..o, 28
PSR_implementation (impl) ... 28
PSR_VETSION (VEF) ......occcoooooooioeieeeeoeeeeeeeeeeeeeeeees e 28

PSR _integer_cond_codes (iCC) ... 28
PSR_negative (n) 28
PSR_z€10 (2) ... 29
PSR_overflow (v) 29
PSR_CAITY (€) .o 29
PSR_IESETVEA ..o 29
PSR_enable_coprocessor (EC) ... 29
PSR_enable_floating-point (EF) ..., 29

—vi-



Contents — Continued

PSR _proc_interrupt_level (PIL) ... ... .. 29
PSR_SUPETVISOT (S) ....ooooooeoeeoeeeeeeeeeeeeeeeeeceee e 29
PSR _previous_supervisor (PS) ..., 29
PSR_enable_traps (ET) ..o 29
PSR_current_window_pointer (CWP) ... 29
Window Invalid Mask Register (WIM) ..., 30
Trap Base Register (TBR) ... 31
TBR_trap_base_address (TBA) ... 31
TBR_IrAP_LYPE (£1) ....oooooooeeoeeeeeeeeeeeeee e 31
TBR_ZET0 (0) ..o 31
Multiply/Divide Register (Y) 32
Program Counters (PC, nPC) 32
Ancillary State Registers (ASR) ... 32
IU Deferred-Trap QUEUE ... 33
4.3, FPU fREZISIETS .......ooooooooeoeeeeeeeeeeoesooeeeeeeeeeeeeseeesssseesessessesesssssssssssessesseseseeesssssssseees 33
Double and Quad Operands ..., 33
4.4. FPU Control/Status REISTETS ... 34
Floating-Point State Register (FSR) ... 34
FSR_rounding_direction (RD) ... 34
FSR_UNUSEA (W) ... 35
FSR_trap_enable_mask (TEM) ... 35
FSR_nonstandard_fp (NS) ... 35
FSR_reserved (res) 35
FSR_version (ver) 35
FSR_floating-point_trap_type (fff) ... 35
Stt =IEEE_754_€XCePtON ...........occcccccooeoreeserecceeeeeeeeoeceeeeeeeeeeeeee e 37
Stt =unfinished_FPOD ... 37
JStt =unimplemented_FPOP ... 37
2= (81 (TS v (o) 37
St =hardWare_EITOT ... 37
Stt =1nvalid_fp_Te@iSter ... 37
FSR_FQ_NOt_eMPLtY (GRE) ........ooocooooeeeeeeer 38
FSR_fp_condition_codes (fcc) ... 38

— Vil —



Contents — Continued

FSR_accrued_exception (A€XC) ... 38
FSR_current_exception (CXC) ..o 38
Floating-Point Exception Fields ... .. ... 39
FSR_invalid (BVC, BVA) .........ooooooooooooooeoeoeoeeoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 39
FSR_OVETIOW (OfC, Of @) ... 39
FSR_Underflow (UfC, UfQ) ... 39
FSR_division-by-zero (dzc, dZa) ..........eeeeeeeeoeoceceeeeeeeeeeesesssssie 40
FSR_INeXact (XC, MXA) .........ooooooooooooooeooeoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 40

FSR Conformance ... 40
Floating-Point Deferred-Trap Queue (FQ) ... 40

LT ) o 274 T o 41
Chapter 5 InStruCtionS ... 43
5.1. Instruction EXECUtION ... 43
5.2, InStruction FOIMALS ... 43
Instruction FIeldS ... 44

5.3. InStruction CAtEZOTIES ...........cco..oooooeeosceerseeeeseeeeseeeseesssees e 46
Load/Store INStrucCtionS ... 46
Alignment ReSIrICtiONS ... 46
Addressing Conventions ... 47
Address Space Identifiers (ASIS) ... 48
Separate Instruction MEmMOTrY ..., 49
INPUL/OULPUL | seeeeeseeee e seeeeessesee s 49

Integer Arithmetic InStructions ... 49

Set Condition COAES ...............ooooooooeceeoeeseeseeeeeeeeee e 50

Shift INSIrUCTIONS ...._.....c..oooooeoeeeeeeeeeseeesees e 50

Set High 22 BitS e 50

Integer MUultiply/DIVIe ... seeeeeeeeeeeessesesssssse 50

Tagged Add/Subtract . e 50
Control-Transfer Instructions (CTIS) ... 50

L B B 100 1 O 50

Delay Instruction 51
Delayed Transfer 52

— viii —



Contents — Continued

Conditional Delayed Transfer ... 52
Conditional with a =1 ... 52
Conditional with @ =0 ... 53

Unconditional Delayed Transfer ... 53

CALL and JMPL INStructions ... 54

SAVE INSIUCHON ..o 54

RESTORE INStruction ..o 54

Trap (Ticc) INStruCtion ... 55

Delayed Control-Transfer Couples (DCTI) ... 55

First-Taken Case 55

First-Untaken Case 55

Read/Write State REZISIEIS ..., 56
Floating-Point Operate (FPop) Instructions ... 56
Coprocessor Operate (CPop) Instructions ... 57
Chapter 6 Memory MoOdel ... 59
6.1. Basic Definitions ... 60
Real MEMOTY ..o 60
Input/Output Locations 60
Overview of Model ..., 61
6.2. Total Store Ordering (TSO) ... 64
6.3. Partial Store Ordering (PSO) ... 65
6.4, MOde CONLIOL ... 66
6.5. FLUSH: Synchronizing Instruction Fetches with Memory
OPETAtIONS ..o 66
L0311 0103 ol A =1 oL 69
T .1, TrAD CALEZOLIES .........oooooooooeeoceeeeeeeeeeeeeeeeeesseseeeeeeseseeeseseesessseeeesseeseessesesesssseeeeeeeeen 69
PreCiSe TTAD ......oooccoooocoeee e 69
Deferred TIAD ... 70
INEIrUPtING TTAP ......ooooooooooeeeeeeeeeeeee e ssseeessseeseees e s 70
T2, TraDp MOAEIS e 71
Default Trap Model ... ., 71

—ix —



Contents — Continued

Enhanced Trap MOdel ..., 72

ST & Yo X O] 115 (o) U 73
ET and PIL Control ... 73

TEM COontrol ..o 74

7.4, Trap IdentifiCation ... 74
e T €7 74

Error MOA€ ..o 75
RESEETTAD ..o seceeeeeee e seresseseee e 75

TTAD PIIOTIIES ... 75

7.5. Trap Definition 77
7.6. Exception/Interrupt DeSCIiPtions .................cccccooooceoeeoeoocceeeeeeesocceeeeesesoee 77
Appendix A Suggested Assembly Language Syntax ... 81
ALL NOtAtION USEd ... 81
A2, Syntax DeSIZN e 84
A.3. Synthetic INStructions ... 85
Appendix B Instruction Definitions ... 87
B.1. Load Integer InStructions ... 90
B.2. Load Floating-point InStructions ... 92
B.3. Load Coprocessor INStructions ... 94
B.4. Store Integer INSrUCtIONS ..o 95
B.5. Store Floating-point InStructions ... 97
B.6. Store Coprocessor InStructions ... 99
B.7. Atomic Load-Store Unsigned Byte Instructions ... 101
B.8. SWAP Register with Memory Instruction ... 102
B.9. SETHI Instruction 104
B.10. NOP Instruction 105
B.11. Logical INStrUCHIONS ..............cccccccooeeoeoeeeoecceeeeeee e 106
B.12. Shift InStruCtionS ... oo 107
B.13. Add INSrUCHONS ..o 108
B.14. Tagged Add INStruCtionS ... 109
B.15. Subtract INStruCtions ... 110



Contents — Continued

B.16. Tagged Subtract INStructions ... 111
B.17. Multiply Step INSTrUCtION ..o 112
B.18. Multiply INStrUCHIONS ... 113
B.19. Divide INStrucCtions ... 115
B.20. SAVE and RESTORE Instructions ... 117
B.21. Branch on Integer Condition Codes Instructions ...................c...cc.......... 119
B.22. Branch on Floating-point Condition Codes Instructions ... 121
B.23. Branch on Coprocessor Condition Codes Instructions ......................... 123
B.24. Call and Link InStruction ... 125
B.25. Jump and Link InStruction ..., 126
B.26. Return from Trap Instruction 127
B.27. Trap on Integer Condition Codes Instruction ... 129
B.28. Read State Register INStruCtions ... 131
B.29. Write State Register INStructions ... 133
B.30. STBAR INStrUCHION ... 136
B.31. Unimplemented Instruction ... 137
B.32. Flush InStruction MEMOTY ... oeceeeeeeseeeeesesesessensseseen 138
B.33. Floating-point Operate (FPop) Instructions ... 140
Convert Integer to Floating point Instructions ... 141
Convert Floating point to Integer Instructions ... 142
Convert Between Floating-point Formats Instructions ... 143
Floating-point Move Instructions ... 144
Floating-point Square Root Instructions ... 145
Floating-point Add and Subtract Instructions 146
Floating-point Multiply and Divide Instructions ... 147
Floating-point Compare Instructions ... 148

B.34. Coprocessor Operate InStructions ... 149
Appendix C ISP DeSCriptionS ... 151
C.L. ISP NOTALION ... 151
C.2. Processor External Interface Definition 152
Interface Macros 153
Interface Signals 153

—xi-—



Contents — Continued

C3.
C4.
Cs.
Cé6.
C.7.
C38.
Co.

Register Field Definitions ..., 154
Instruction Field Definitions ..., 156
Processor States and Instruction Dispatch ... 156
Instruction DISPatCh ... 159
Floating-point EXECUtiON ..., 160
TTAPS oo 161
Instruction DefinitionS ... 163
Load INStruCtiONS ... 163
Store INSIUCHIONS ... 165
Atomic Load-Store Unsigned Byte Instructions ... 168
Swap Register with Memory Instructions ... 171
Logical InStructions ... 172
SETHI INSIUCHON ___..........ooooooeeeeeeeeeeeeeeeeeeseesees e 172
NOP INSIUCHON ... 172
Shift INSIIUCHONS ....__..........ooooioosoeeeeeeeeeeeeeeeeeeeeeeees e 172
Add INSTrUCTIONS ..o 173
Tagged Add InStructions ... 173
Subtract INStrUCtiONS .._.........ccoooooooooeeeeeeeeeeeeeeeeeeee e 174
Tagged Subtract Instructions ... 174
Multiply Step InStruction ... 175
Multiply InStructions ... 175
Divide INStrUCHONS .._...........ccooooooooooeoeoseeeeeeeeeeeeeeeeeoeeeseeeoes e 176
SAVE and RESTORE Instructions ... 177
Branch on Integer Condition Instructions ... 178
Floating-Point Branch on Condition Instructions ... 179
Coprocessor Branch on Condition Instructions ... 180
CALL INSTUCHON ... 180
Jump and Link Instruction ... 180
Return from Trap InStruction ..., 181
Trap on Integer Condition Instructions ... 182
Read State Register INStruCtions ..o, 182
Write State Register Instructions ... 183
Store Barrier INSIruCtion ... 183

— Xil —



Contents — Continued

Unimplemented INnStruction ... 183
Flush Instruction MemMOTY ... 184
C.10. Floating-Point Operate Instructions ... 184
Convert Integer to Floating-Point Instructions ... 185
Convert Floating-Point to INte@er ..., 185
Convert Between Floating-Point Formats Instructions ... 185
Floating-Point Move Instructions ... 185
Floating-Point Square Root Instructions ... 185
Floating-Point Add and Subtract Instructions ... 186
Floating-Point Multiply and Divide Instructions 186
Floating-Point Compare Instructions ... 187
Appendix D Software Considerations ... 189
D 1. REZISIELS ..o eeeeeeeee e seessese s se s seeeesssese e seeenreeeen 189
In and Out REZISIETS ..o 189
LoCal REGISETS ..o 191
Register Windows and 3SP ... 191
GIODAL REGISETS ..........cccccoeooeeeeeeeeeeeeeeeeeee e 192
Floating-Point Registers 192
D.2. The Memory Stack ... 194
D.3. Functions Returning Aggregate Values ... 196
D.4. Tagged Arithmetic ... 197
D.5. Leaf Procedure Optimization ... 198
D.6. Example Code ... 200
D.7. Register Allocation Within a Window ... 201
D.8. Other Register Window Usage Models ... 202
Appendix E Example Integer Multiplication and Division
ROULINES oo 205
E.1. Signed Multiplication ... 206
E.2. Unsigned Multiplication ... 209
E.30 DIVISION e 212
30 (0 a2 14 B O 212

— Xxiii —



Contents — Continued

PrOGIam 2 oo seesseeene e 213
PrOGIam 3 oo seeesseeese e 215
PrOGIaM 4 oo seeesseeese e 217
Program S e 219
PIOGIAM 6 ..o 221
Appendix F Opcodes and Condition Codes ... 227
Appendix G SPARC ABI Software Considerations ... 233
G.1. SPARC International, INC. ..., 233
G.2. SCD 1.0 and SCD 2.0 .......oooooooooooeeeeeeeeeeeeeeeeeeeeeeeee oo 233
G.3. SPARC ABI SOftWAIE ..........ccccccooierieooeeecceeeeeseseceeeeeeee oo 234
L T 1 1 G WY T 234
G.5. The MEemOTY STACK ..........ooooooccceeeeeeeeeeeeeeeeoececeeeeeeeeeeeeeeesssoeerseeeseee e 234

G.6. Instruction Set

FSQRTs, FSQRTA inStruCtions ... 237
FSMULGd inStrUCHON ..o 237
Quad-precision floating-point inStruCtions ...................cooocccerveeesvcccee, 237
Coprocessor INSIUCTIONS ... 238
Read/Write ASR INStruCtions ... 239
STBAR INSIIUCTION ..o 239

G.7. Self-Modifying Code ... 239
G.8. Non-Standard Floating-Point Operation ... 239
G.9. Instruction SChEAULING ... seeesseeseeeee e enesreeeee 240
Appendix H SPARC Reference MMU Architecture ... 241
HoL. INtrOAUCTION oo 241
H.20 OVETVIEW oo 241
H.3. Software ArchiteCture ..., 242
CONLEXES ..o 246

- X1V —



Contents — Continued

Page Table DeSCriptors ... 246

Page Table ENntry ... 247
MMU Flush and Probe Model ... 249
Flush OPErations ... 250

Probe OPerations ...............ooooooooceeeeeeesoeceeeeeeesoeeeeeeees oo 251

H.4. Hardware Archit€Cture ..., 252
Accessing MMU REGISIETS ... 252
@010 (0] B 274 T o 253
Context Table Pointer REZISTEr ..., 254

HS5.

Context Register

Diagnostic Registers

Fault Status Register

H.6. Fault Address REZISIET ... 258

|5 B0 57C =1 0] | N 259
RESEU ... 259

MISS PrOCESSING ........oooooooeeeoeeeeeeeeeeeeeeeeeee oo 259
Referenced and Modified Bit Updates ... 259
Appendix I Suggested ASI Assignments for SPARC Systems ... 261
I.1. Introduction 261
L2 ASTSUMMALY | 262
[.3. Detailed DESCIIPUONS ...............ooooooooeoseoesecssceoeeeeseeeseee e 264
Appendix J Programming with the Memory Model ... ... 269
J.1. Memory OPEerations _.............ooemsoeessseesseessoessseesssoeessoee 269
J.2. Processors and PrOCESSES ..o 269
J.3. Portability and Recommended Programming Style ... 269
J.4. Spin Locks 271
J.5. Producer-Consumer RelationShip ... 272
J.6. Process SWitch SEqQUENCE ..o 273
J.7. Dekker’s AIGOTItRIM ... 274
J.8. Code PatChing ... 275
J9. Fetchand Add ... 277



Contents — Continued

J.10. Barrier Synchronization ... 279

Appendix K Formal Specification of the Memory Model
K.1. Notation

K.2. Total Store Ordering

K.3. Partial Store Ordering
K.4. FLUSH: Synchronizing Instruction Fetches with Memory

OPEIAtIONS ..o 287
Appendix L. Implementation Characteristics ... 289
L.1. PSR impland ver Values ... . . ... 289
L2, FSRVEr VAIUES ..o 290
L.3. Characteristics of Existing Implementations ... 291
Unimplemented INStructions ... 292
FLUSH INSTrUCION ... 292
Integer Deferred-Trap QUEUE ... 293
Floating-point Deferred-Trap Queue (FQ) and STDFQ
INSTIUCTION oo
FSR_nonstandard_fp
FPU EXCEPHONS _........oooooioeeeeoeoeeeeeeeeeceeeeeeeee oo seeeeee s
Trap Model and Trap TYPES ..., 294
Memory Model and STBAR Instruction ... 294
Ancillary State RegiSters ... 294
Width of Load/Store Effective Address ... 294
Number of Windows ... 294
InStruction TIMING ... 295
Appendix M Instruction Set SUMMATY ... 297

Appendix N SPARC IEEE 754 Implementation
Recommendations 299

N.1. Misaligned floating-point data TegiSters ... 299
N.2. Reading an empty FQ

N.3. Traps inhibit results

— XVI —



Contents — Continued

N.4. NaN operand and result definitions ... 300
Untrapped floating-point result in different format from
18] 015 1 4 1C O 300
Untrapped floating-point result in same format as operands ............. 300
N.5. Trapped Underflow definition (UFM=1) ...

. Untrapped underflow definition (UFM=0)
. Integer overflow definition

. Nonstandard mode

— XVii -



