INTERNATIONAL ISO/IEC
STANDARD 14576

First edition
1999-12

Information technology —
Synchronous split transfer type system bus
(STbus) — Logical layer

Technologies de l'information —
Bus de systeme de transfert de fente synchrone (STbus) —
Couche logique

U ISO/IEC 1999

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any
means, electronic or mechanical, including photocopying and microfilm, without permission in writing from the publisher.

ISO/IEC Copyright Office e Case postale 56 ¢ CH-1211 Geneve 20 e Switzerland

PRICE CODE X

For price, see current catalogue




—ii - 14576 © ISO/IEC:1999(E)

Contents
I O 1Y o= PP PPPPPPPPPPURPPR 1..
I o0 ] o[RS Lo
2 Y o] o] [ o%= o] 11 Y/ 1
P B 1< {111 (o o PP PPPPUPPPPPP 3.
P20 R = o] F= T F= U1 o] 0 ) =T 1 £ 3
P22 [0 - [ PSS 5
3. Interface SPECIfICALIONS .........uuiiiiiiiiiiiiiiiie e e G
3.1 INterface SIGNAIS .....uuuuiiiiiiii e a e e e 6
4. BUS OPEIALIONS ....oiiiiiiiiiiiitite ettt e e e e e e e e e e e e e e bbb r e e e e e e e e e e aaaeeaaaaaaaaas 11......
4.1 Protocol for BasiC OPEratiONS ...........uuuuiiiiiiiieeeeeeeiieeeeeeiiiiiess e e e e e e e e easeeeeeeseennnnnn 11
4.2 TranSfer PrOtOCOI ......ccooooiiiiiiiiieeeei ettt e e e e e e e e e e e eeeeeneennnnes 16
4.2.1 BUS OPEratioN LYPES ..ooevviiiiiiiiiiii e i e e e e e e e e e e ettt e e e e e e e e e e e e e e e aaanaaaa—a 16
v ©To 1 01 4 F= T To I8 (0] 1 1 4= L AU 16
4.2.3 Transfer SEQUENCE ........ccooiiiiiiiiice e e e e e e e e e 25
G T N o1 1= L1 o] o U PPPUPRRRR 27
) = 1L ST =] o0 £ PP 27
R B - = W I = 1 =] 29
4.5.1 MemOry aCCESS (WITEE) ..uvuuuiiiieeieeeeeeeeiieeeeeeeeii s e e e e e e e e e e e e e e eeeeeeennneennnna 29
4.5.2 Memory aCCESS (FEAM) ....uurriiiiiiiiiiiieiee et 35
4.5.3 Control SPace aCCESS (WIME) .....uvurruueiiiiieiieeeeeeeeeee et e e e e e e e ee e 38
4.5.4 Control space acCess (read) ........ooevriiiiiiiiiiiiiiiiiiii e 40
455 MeSSaQe tranSIer ....cccoiiiiieeee e 42
4.5.6 Control regiSter aCCESS (WIIE) .......uuuuriiiiiiiiiiiiiieie e e 44
4.5.7 Control register aCCeSS (F€aAA) .....uvvvvuiiiiiieieeeeeeieeeeeeeerr e e e e e e e e 46
4.6 LOCK OPEIALIONS ...ccoeiiiiiiiiiiit ittt e e e e e e e e e eaeeeas 48
4.7 Cache-related OPEratioNS ...........uuuuuuiiiiiiiieieeeeee et e e e e e e e e e e e e eeeaeeneanane 50
4.7.1 Cache invalidation ...........coooiiiiiiiiiiii e 50
4.7.2 Retry INAICALION .......ccooiiiiiieec e e e 53
4.7.3 Copyback and steal operations after retry indication ....................ccceee 55
4.7.4 Steal INhibit OPEratioN ...........ciiiiiiiii e 57
4.8 Error HANAING ....oeiiiiiiiiiiieee ettt e e 59
4.8.1 Handling errors notified iIN aNSWET ........ccccooeeiiiiiiiiiieer e 59
4.8.2 Other error det@CON ........cccoiieiii e 61



14576 © ISO/IEC:1999(E) — i —

5. Cache CohnerenCy CONIOl ......ccooiiii i a e e e e e e e e e ees 62
5.1 Cache Control MethOdS .........oooiiiiiiiiiiieiie e e e e e e e e eeeeeaeeees 62
5.2 Cache BIOCK AMINDULES .......oooiiiiiii e 62
5.3 Operations 0N SYSIEM BUS ......ccooiiiiiiiiii e 63
5.4 Retry INAICALION ......uuuiiiiiiiii i e e e e e e e e e e e e e e e e e eaaeeeens 65
5.5  STEAI OPEIALION ...uuiiiiiiiiiiiiiieie ettt e et e e e e e e e e e e e e e e e e 66
5.6 Cache Data Management and State TranSition ..........ccccoeeevieeeeeeeiieeeeeiiin 67
5.6.1 Write-through cache ..........ccoouiiiii e 67
5.6.2 CopybacCk CAChE .........ccooiiiiiieece e 70
S.7 NOtES ON MEMOIY ACCESS ...coerriiiieiieiieee ettt e e e e e 75
6. Functions for Enhanced Reliability ... 76
00 R L= (U] o = T o YU SRPPPPRPSPPN 76
6.2 DeteCting FAUILS .......uuiiiiiiiiiiiii e 77
6.3 Preventing Faults from Spreading ...........ouvvviiiiiiiiiiiec e 77
6.4 Supporting Fault Handling and DIiagnOSIS ...........cuueeiiiiiiiiiiiieiaiiaieeeeeiiiieeee 78
Annex A (informative) Performance (Estimated) .........ccccceeeiiiiiiiiiieiiee 79
Annex B (informative) Return of answer in a lock transfer..........ccccciiiiiiiiiiiiee, 80

Annex C (informative) Lock transfer and write back of copyback cache........................... 81



—iv— 14576 © ISO/IEC:1999(E)

Figures

Figure 1 - STDOUS APPLICALIONS ... .cceeeeiieeeeeee e e e e e e e e e e e e e e aeeeannees 2
Figure 2 - Connection interface between function units (basic pattern) ..............c.ccevveee. 7
Figure 3 - Concept of bus operation protocol (for 1-cycle or 2-cycle transfer:

8-byte bus width specification, write Operation) ..........ccccccceevevieeeiinnnninnnnnns 11
Figure 4 - Concept of bus operation protocol (for transfer of 3-cycles or more:

8-byte bus width specification, read Operation) ..........cccceeeeeeeeeeieiiieeeeennnnnnnns 13
Figure 5 - Concept of bus operation protocol (for 1-cycle or 2-cycle transfer:

4-byte bus width specification, write operation) ............ccccccvvviiiiiiieiiiieeeeenn 15
Figure 6 - Pipeling OPEratioN............uiiiiiiie e e e e 20
FIQUrE 7 - BCT fII ..o 21
Figure 8 - RA and byte alignment..........ccooiiiiiiii i 23
Figure 9 a) - One-word memory write (no-answer transSaction) ............cccccceeeeeeerirnnnnne 31
Figure 9 b) - One-word memory write (basic transaction)...............ccciiiiiiiiieeeieee e, 32
Figure 9 c) - n-word memory write (no-answer transSaction) ............ccccceeeereeeeiicivnnnne. 33
Figure 9 d) - n-word memory write (basic transaction) ...............cccceeeiieiiiieieeeeeeeeeeeeeeeins 34
Figure 10 a) - One-word MemOrY AU, ..........oiiiiiiiiiiiiiie et e e 36
Figure 10 b) - n-word memory read.............ooevuiiiiiiiiiiiieie e 37
Figure 11 - n-word write: CONrol SPACE ACCESS.......ccovviiiiiiiiiiiiii e e e e e e e 39
Figure 12 - n-word read: CONtrol SPACE ACCESS .........ccovvviiiiieeiiiiiiierrr e a e e e aaaaaes 41
Figure 13 - n-word mesSage tranSTer.........ouui i 43
Figure 14 - One-word write: control regiSter aCCESS .....uuuiiiiiiiiieiieeeeeeeeeeeeeeeeeeeeeeeeaeaiaanns 45
Figure 15 - One-word read: CONtrol regiSter 8CCESS .........cccuuuririiiiieiieiee e 47
Figure 16 - BUS I0CK tranSTer.........ovveiiiiiciee e 49
Figure 17 - Cache iNValidation ...............uuuiiiiiiiiiiiiee s 52
Figure 18 - Retry iNAICAtION ..........vviiiiiiiii e 54
Figure 19 - Copyback and steal operations after retry indication .............ccccccceeeevinnnnnns 56
Figure 20 - Steal INNibit OPEration ............cooiiiiiiiiicc e 58
Figure 21 - Error report in answer transaction when DUT detects error ....................... 60
Figure 22 - When function unit (O#) detects time OUt..........ccccevveiieeeieiiiiiieeee, 61
Figure 23 - Relation between CPU operation and commands on system bus ............... 64
Figure 24 - STbus write-through cache coherency control protocol.............................. 69
Figure 25 - SThus copyback cache coherency control protocol ............ccccccevvieieennnnnnns 74

Figure A.1 - STbus performance (in 8-byte bus width and 32-bit addressing mode)....79
Figure B.1 - Example of dead lock problem ... 80
Figure C.1 - Example of lock transfer to EM cache data..............cccoovvvevviiiiiiiinciinnnnn. 81



14576 © ISO/IEC:1999(E) —v-

Tables

Table 1 - Basic Interface Signals (function unit interfaces other than bus handler) ....... 6
Table 2 - Optional Interface Signals (function unit interfaces other than bus handler)...6
Table 3 - Command Format for Information Transfer BUS.............cccccvenieeeieiiiiiiiiiins 17
Table 4 - OPT Code DefiNItIONS .......oeeviiuiiiiiiiaee et e e e e e e e e e eeeeeeeeeaeennnnn 18
Table 5 - M Bit DefiNItION ..........uuuiiiiiiiiiiiiiiiiiiee e e e e e 19
Table 6 - MESSAJE SEUUEINCE .......uuiiiiiiiiiieie et e e e e e e e e e e e e e e e 22
Table 7 - Answer Code DefinitioN .............uuuiiiiiiiiiiiiiiiie e 28
Table 8 - System Bus Command TYPES......coooiiiiiiiiiiiiiieee ettt 63

Table 9 - Semantics of Discrepancy between Base and Spare SignalS..........cccceeeeeeennn.. 76



—Vi— 14576 © ISO/IEC:1999(E)

INFORMATION TECHNOLOGY —

SYNCHRONOUS SPLIT TRANSFER TYPE
SYSTEM BUS (SThus) —

LOGICAL LAYER

FOREWORD

ISO (the International Organization for Standardization) and IEC (the International
Electrotechnical Commission) form the specialized system for worldwide
standardization. National bodies that are members of ISO or IEC participate in the
development of International Standards through technical committees established by
the respective organization to deal with particular fields of technical activity. ISO and
IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also
take part in the work.

In the field of information technology, ISO and IEC have established a joint technical
committee, ISO/IEC JTC 1. Draft International Standards adopted by the joint
technical committee are circulated to national bodies for voting. Publication as an
International Standard requires approval by at least 75 % of the national bodies casting
a vote.

International Standard ISO/IEC 14576 was prepared by subcommittee 26:
Microprocessor systems, of ISO/IEC joint technical committee 1: Information
technology.

International Standards are drafted in accordance with the rules given in the ISO/IEC
Directives, Part 3.

Annexes A, B and C are for information only.
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SYNCHRONOUS SPLIT TRANSFER TYPE
SYSTEM BUS (SThus) —

LOGICAL LAYER

1. Overview

1.1 Scope

This International Standard specifies the logical specifications of STbus which is a high-
performance and highly reliable system bus. STbus adopts a synchronous transfer method with a
high-speed clock and a split transfer method enabling to minimize bus holding time during one
bus operation and to use a bus efficiently.

The contents given in this specifications are as follows:
a) System bus interface signal provisions;
b) Bus operations and transfer protocol for each bus operation;

c) Copyback cache coherency control for maintaining consistency between a shared memory and
a cache memory of each processor in a multiprocessor system;

d) Fault detection function using parity check and duplex configuration for control signals.

um,





