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About This Manual 

The KA655 CPU Module Technical Manual documents the functional, 
physical, and environmental characteristics of the KA655 CPU module, 
a.nd includes information on the MS650-BA memory expansion module. 
The manual also covers the KA655·BA CPU module. designed for 
workstation usage. The KA655-BA is functionally equivalent to the 
KA655·A.A. except that it does not support multiuser VMS and ULTRIX 
opera'ting system licenses. 

Intended Audience 
This document is intended for a design engineer or applications 
programmer who is familiar with DIGITAL's extended LSI ... !1 bus (Q22· 
bus) and the VAX instruction set. The raanual should be used along with 
the VAX Architecture Reference Manual as a programmerts reference to 
the module. 

Organization 
The manual is divided h,to four chapters and four appendixes. 

Chapter 1, Overview. introduces the KA655 MicroVAX CPU module and 
MS650 memory modules. including module features and spooifications. 

Chapter 2. Installation and Configuration, describes the installa.tion 
and configuration of the KA655 and MS650·BA modules in Q22·bus 
backplanes and system enclosures_ 

Chapter 3. Architecture. describes the KA655 registers. instruction set. 
and memory. 

xv 
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Chapter 4, KA655 Firmware, describes the entry/dispatch code. boot 
diagnostics, device booting sequencia, console program, and console 
commands. 

Appendix A, KA655 Specification". describes the physical, electrical, 
a~d envil'onmental specifications for the KA655 CPU module. 

Appendix B, Addresa Aalipr:lents, provides a map of VAX memory 
space. 

Appendix C, Q22·bus Specification, describes the low-end member 
of DIGITAL's bus family. All of DIGITA.I:s microcomputers, such as 
the MicroVAX I. MicroVAX II, MicroVAX 3500, MiLTOVAX 3600, and 
MicroPDP-ll, use the Q22-bus. 

Appendix D, Acronyms, lists the acronyms used in this manual. 

Conventions 
This manual uses the following conventions: 

Convention 

[x:yl 

I Return I 
Note 

Caution-

Represents a bit field. a set of lines. or signals, ranging from 
x through y. For example, RO <7:4> indicates bits 7 through 
4 in general purpoBe register RO. 

Represents a range of bytes, from y through x. 

Text within a box identifies a key, such aa the I Return I key. 

Provides general information you should be aware o£ 

Provides infonnation to prevent damage to equipment. 

Boldface small Jl indicates variables. 
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Related Documents 
You can order the following documents from DIGITAL: 

Document 

Microcomputer Interfaceel Handbook 

Microcomputers and Mernories He.ndbook 

VAX f.rchitecture Handbook 

VAX Architecture Reference Manual 

You can order these documents from: 

Digital Equipment Corporation 
Accessories and Supplies Group 
P.O. Box CS2008 
Nashua, NH 0306:\ 

Attention: Documentation Products 

Order NUDlher 

EB·20175-20 

EB-18451-20 

EB·19580-20 

EY·3459E-DP 



1 
Overview 

This chapter provides a brief overview of the KA655 CPU module and 
MS650 .. BA memory modules. 

1.1 KA655 Central Processor Module 
The KA655 is a quad·height VAX proc-essor module for the Q22-bus. 
also known as the extended LSI .. II bus. The KA655 is designed for use 
in high speed. real-time applications and for multiuser, multitasking 
environments. The K.~655 incorporates a two-level cache to maxirnize 
performance. 

The KA655 CPU module and MS650-BA memory modules combine 
to form a VAX CPU/memory subsystem that uses the Q22·bus to 
communicate with mass storage and I/O devices, as shown in Figure 1-3. 
The KA655 and MS650-BA modules are mounted in standard Q22-bus 
backplane slots that implement the Q22-bus in the AB rows and the CD 
interconnect in the CD rows. A single KA655 can support up to four 
MS650·BA modules. if enough Q22 .. bus/CD backplane slots are available. 

The KA655 communicates with the console device through the H3600·SA 
CPU cover panel, which also contains configuration switches and an LED 
display. 

Figure 1-1 shows the KA655 CPU module. Figure 1-2 shows the major 
fWlctional blocks of the KA655 CPU module. 

1-1 
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Figure 1-1 KA655 CPU Module 
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1.2 Clock Functions 
All clock functions are implemented by the CVAX clock chip. The CVAX 
clock chip is a 44-pin CERQUAD surface mount chip that contains 
approximately 350 transistors, and provides the following functions: 

• Generates two MOS clocks for the CPU, the floating-point accelerator. 
and the main memory controller. 

• Generates three auxiliary clocks for other miscellaneous TTL logic. 

• Synchronizes reset signal for the CPU, the floating .. point accelerator. 
and the main memory controller. 

• Synchronizes data ready and data error signals for the CPU, floating­
point accelerator, and the main memory controller. 

103 Central Processing Unit 
The central processing unit (CPU) is implemented by the CVAX chip. 
The CVAX chip contains apPi"oximately 180,000 transistors in an B4-pin 
CERQUAD surface mount package. The CPU achieves a 60 ns microcycle 
and a 120 ns bus cycle at an operating frequency of 33 MHz.. The CVAX 
chip supports full VAX memory management and a 4 gigabyte virtual 
address space. 

The CVAX chip contains all VAX ,"isible general purpose registers (GPRs), 
several system registers (MSER. CADR, SCBB), the first-level cache (1 
Kbyte), and all memory management hardware including a 28"entry 
translation buffer .. 

The CVAX chip provides the following functions: 

.. Fetches all VAX instructions. 

• Executes 181 VAX instructions. 

• Assists in the execution of 21 additional instructions. 

• Passes 70 floating-point instructions to the CFPA chip .. 

The remaining 32 VAX instructions (including H .. floating and octaword} 
must be emulated in macrocode. 

The CVAX chip provides the following subset of the VAX data types: 

• Byte 

• Word 

• Longword 
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• Quadword 

• Character string 

• Variable length bit field 

Support for the remaining VAX data types can be provided by macrocode 
emulation. 

1 .4 Floating-Point Accelerator 
The floating-point accelerator is implemented by. the CFPA chip. 
The CFPA chip contains approximately 60~OOO transistors in a 68· 
pin CERQUAD surface mount package. It executes 70 floating-point 
instructions. The CFPA chip receives opcode information from the CVAX 
chip. and receives operands directly from memory or from the CVAX chip. 
The floating-point result is always returned to the CVAX chip. 

1.5 Cache Memory 
The KA655 module incorporates a two·level cache to maximize CPU 
performance. 

The first-level cache is implemented within the CVAX chip. The first-level 
cache js a 1 Kbyte. two-way a9sociative~ write through cache memory~ 
with a 60 ns cycle time. 

'fhe second .. level cache is implemented using 16K by 4-bit static RAMs. 
The second-level cache is a 64 Kbyte, direct mapped, write through cache 
memory, with a 120 ns cycle time for longword transfers~ and 180 ns cycle 
time for quadword transfers. 

1.6 Memory Controller 
The main memory controller is implemented by a vtSI chip called the 
CMCTL. 'rhe CMCTL contains approxhnately 25,000 transistors in a 
132-pin CERQUAD surfac~ mount package. It supports up to 64 Mbytes 
of 360 ns ECC memory. 'l~is memory resides on one to four MS650-BA 
memory modules, depending on the system configuration. The MS650 .. 
SA modules communicate with the KA655 through the MS650 memory 
interconn~ct. w}.jch utilizes the CD interconnect and a 50-pin ribbon 
cable. 
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1.7 MicroVAX System Support FunctiO:t";s 
Systam support functions are implemented by the system support chip 
(sse). The chip contains approximately 83,000 transistors in an 84-pin 
CERQUAD surface mount package. The sse provides console and boot 
code support functions, operating system support functions, timers. and 
many extra features, including the follovling: 

• Word .. wide ROM unpacking 

• 1 Kbyte battery backed-up RAM 

• Halt arbitration logic 

• Console serial Hne 

• Interval timer with 10 ms interrupts 

• VP X standard time-or-year (TODR) clock with support for battery 
back-up 

• IORESET register 

• Programmable CDAL bus timeout 

• Two programmable timers similar in function to the VAX standard 
interval timer 

\1' A register for controlling the diagnostic LEOs 

1.8 Resident Firmware·· 
The resident firmware consists of 128 Kbytes of 16-bit wide ROM, located 
on one 27210 EPRCl\.f. The finnware gains control when the processor 
halts. and contains programs that provide the following services: 

• Board initialization 

• Power-up self·testing of the KA655 and MS650-BA modules 

• Emulation ofa subset of the VAX standa!"d console (automatic/manual 
b008t~ap, al1tomatidmanual restart, and a simple command language 
for examining/altering the state of the processor) 

• Booting from supported Q22-bus devices 

• Multilingual capability 

• A configuration utility 

• A KFQSA programming utility 
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1.9 Q22-bus Interface 
'The Q22·bus interface is implemented by the CQBIC chip. Thp. CQBIC 
chip contains approximately 40.870 transistors in a 132.pin CERQUAD 
surface mount package. It supports up to IG.word. block mode transfers 
between a Q22·bus DMA device and main memory. and up to 2-word. 
block mode transfers between the CPU and Q22··bus device.. The Q22.b,.JS 
interface contains the following: 

.. -

• A I6-entry map cache for the 8192.~entry, main memory-resident 
scatter-gather mep, used for translating 22·bit Q22-bus addresses into 
26 .. bit main memory addresses 

• Interrupt arbit"ration logic that recognizes Q22 .. bus interrupt requests 
BR7 ... BR4 

• Q22·bus termination (240 [I) 

1.10 MS6SD-BA Memory Modules 
The MS650-BA memory modules are 16 Mbyte, 360 nSt 39-bit wide arrays 
<32-bit data and ' ... bit ECC) inlplemented with 1 Mbit dynamic RAMs 
in sunace-moWlt packages. MS650-BA melnory modules are single. 
qut4d-height, Q22 .. bus modules. as shown in Figure 1-4. 
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MS650-BA 

MA·057BS8A 

Figure 1-4 MS650-BA Memory Module 



2 
1~'lstallation and Configuration 

------.------~~~' ------------------------~--------~-

This chapter descrf :es how to instaU the KA655 in a system. The chapter 
discusses the follow: ng topics: 

• Installing the KA~r;5 

• Configuring the KA65~ 

• KA655 connectors 

• H3600-SA CPU cover panel 

• KA630CNF conflguration board 

2.1 Installing the KA655 
The KA655 and MS650·BA modules must be installed in system 
enclosures having Q22·bus/CD backplane slots. These modules are 
not com'patible with QlQ backplane slots, and therefore should on1y be 
installed in Q22-buslCD backplane slots. 

. . 

trhe KA655 CPU module must be installed ill slot 1 of the Q22-buslCD 
backplan~ (Figure 2-1). MS650-BA menlory modules must ~e installed 
in slots immediately adjacent to the CPU module. Up to four MS650·BA 
modules can be installed, occupying slots 2, 3, 4, and 5 respectively. A 
50-pin ribbon cable is used to connect the KA655 CPU module and the 
MS650-BA memory module(s)$ as shown in Figure 2-2. 

'2-1 
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/It B C 0 

SLOT 1 I I 

clo - KA6S5 CPU 

SlO'r 2 
02Z bus , INTERCONNECT - MSGSONO' 

StOT3 I - MS6!50NO 2 ~ 

SLOT" I - MS650NO :3 

SLOTS I ... MS6!~NO C 

SLOT 6 I 
SLOT 7 I 
SlOT8 I 
SLOT 9 I 

SLOT 10 
I 

SLOT " 
I 

SLOT 12 d, I, 
t 

... ,. lions .. 14 

Figure 2 ... 1 CPU and Memory Module Placement 
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2.2 Configuring the KA655 
The following parameters must be configured on the KA655: 

• Power-up mode 

• Break enable switch 

• Console serial line baud rate 

These parameters are configured using either the H3600 .. SA CPU co"..'er 
panel, or the KA630CNF configuration board. 

·2.3 KA655 Connectors 
The KA655 uses three connectors (Jl, J2, and JS) and four rows of 
module fingers (A, B t Ct and D) to commun~~ate with the console devjcet 

main memory, and the Q22-bus. The slot pinouts on the fingers of the 
I{A655 are listed in Appendix C. 

The orientation of connectors Jl. J2, and J3. and the LED indicator..! is 
shown in Figu\~ 2-3. . 

9 19 49 

• •••••••••••••••••••••••• ........ _____ ._._. -_._._-_.-_._1 ooo~o . • •••••••••••••••••••••••• 
•••••••••• 

to '}]O 2 t 8421 50 2 
[ 

DC OK DlAGNOSTtC 
Jl J2 LEO LEOS 

Figure 2-3 KA655 Pin and LED Ori.n~tlon 

2.3.1 Console SLU Connector (J1) 

J3 

,on 1 . ;Hll 
,.,:. 1Q{,~ R' 

The lO-pin consQle SLU connector provides the connection between 
the KA655 and the console terminal. Jt is connected to the inside of 
the H3600·SA CPt] cover panel by a lO-conductor cable~ or directly 
to connector JS of the KA630CNF configuration board. A cable from 
the outside of the H3600 .. SA or from Jl of the KA630CNF provides 
the external connection to the console tenninal. Table 2-1 lists the Jl . 
. pinouts. 
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Table 2-1 Console SLU Connector (J1) Pinouts 

01 Data terminal ready 
02 GND Ground 
03 SLU OUTL Console SLU output from the KA655 
04 GND Ground 
05 GND Ground 
()6 Key (no pin) 
07 SLV IN + Console SLU differential inputs to the 
08 SLU IN· KA655 
09 GND Ground 
10 +12V Fused +12 volts 

2.3.2 Configuration and Display Connector (J2) 
The KA655 has no jumper or switch settings to change or set. The module 
is configured through switches on the H3600-SA CPU cover panel, or the 
KA630CNF configuration board. The 20-pin configuration and display 
connector is connected to the inside of the H3GOO·SA CPU cover panel 
by a 20-conductor cable, or directly to connector J2 of the KA630CI\TF 
configuration board. Table 2-2 lists the J2 pinouts;. 

T,.ble 2-2 Configuration and Display Connector (J2) Pinouts 
Pial 8ipal 

01 GND 
02 GND 
03 GND 
04 CPUCODEOL 
05 CPUCODEIL 

M_nin• 

Ground 
Ground 
Ground 
CP'U rode <01:00>. This 2 .. bit code can be 
configured only by Qaing switches 7 and 
8 on the KA630CNF configuration board 
(Figure 2-7). 
CPU code <01:00> configuration: 
00 Normal operation 
01 Reaerved 
10 Reserved 
11 Reaenred 

tTbe KA655 moclule has 4.7K ohm pull.up resistors for the 8 input signals (pins' and 5. 
13 throuSh 15. and 17 throU8h 19). 
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T.bIe 2-2 (Cont.) Configuration .nd Ol.play Connector ("2) Pinouts 

06 
07 
08 
09 
11 

10 
12 
13 
14 

15 

GND 
LEDCODEOL 
LEDCODEl L 
LEDCODE2L 
LEDCODE3L 

BATl'ERY VOLT H 
GND 
BOO'fDlAGCODEO 
L 
BOOTDIAGCODEl 
L 
ENB BREAKL 

M_nine 

CPU code <01:00> il read by loftware from the 
BDR. 
If the CPU di.tribution panel insert 18 lUed, 
no connections ate made to pins 4 and 5. In 
that caM, signal1e\"ela aTe negated by pull-up 
reaistors on the KA655. 
Ground 
Di(tIDlostic LED register bits <03:00:;.. When 
asserted each of these foar output lignals lighta 
a cOlTesponding LED on the module. 
LED CODE<03~OO> are a8serted (low) by 
power·up and by the negation ofDCOK when 
the proce8aor is halted. They are updated 
by boot and diagnostic programs from the 
Diagnostic LED regiater. 
Battery backup voltage for TODR clock 
Ground 
Boot and diagnostic code <01:00>. This 2·bit 
code indicates power-up mode, and ia read by 
80ftware from the BDR. 

~ Break enable. This input signal a)ntrol. the 
t"eaponwe to an .xternal halt condition. If BRK 
ENB is ."Mrt«i (low). then the KA655 halta 
and entel1l the consol. program if .ny of the 
following OCCUT: 

• The program executes a baIt instruction in 
kernel mode. 

• 'l"he console detecta a break craracter. 

• The- Q22·bus halt line is asserted . 

. If BRK ENB is negated (high), then the breQk 
character is ignored and the ROM program 
responds to a halt instruction by restarting Qr 
rebooting the system.. BRK END is read by 
software from the BDR. 

tThe KA655 module hu4.'lK ohm pull-up resistors for the 8 input sigluils (pins 4 .and 5. 
13 through 15. and 17 throush 19). 
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Pint. SiCDtd 
------------------------------------------",------16 GND 

17 CONSLBITRhTEO 
L 

18 CONSLBITRATEl 
L 

19 CONSLBITRA'l'E2 
L 

20 +5V 

Ground 
Console baud rate <02:00>. These three bits 

are configured by using either the baud l'ate 

select switch on the H36()().SA CPU cover 
panel. or switches 2. 3 and 4 of the KA630CNF 
configuration board. 
Fused +5 volta 

lThe KA€55 modul~ haR 4.7K ohm pull-up resistors fOT th~ 8 i!lput.aignals (pins 4. and 5. 
13 tlu'ough 15. and 17 through 19). 

2.3.3 Memory Expansion Connector (J3) 
The 50-pin memory expansion connector provides the interface between 
the KA655 and MS650·BA tnenlory tnodules installed in slots 2, 3, 4 and 
5 of a Q22 .. bus backplane containing the CD interconnect. 'fable 2-3 lists 
the J3 pinouts .. 

Table ~,,·3 Memory ~nlion Connector (J.3) Pinouts ".--
Pin Signal Pill Signal 

01 GND 26 ME~~DI0H 
02 MEM D09 H 27 GND 
03 MEMDOS H 28 MEMD29H 
04 MEMD07H 29 MEMD28H 
05 GND 80 ME!-1 D27 H 
06 tt~EM DOG H 31 GND 
07 MEM DOS H 32 MEMD26H 
08 MEM D04 H 33 MEMD25H 
09 ME!.t D03 H 34 MEMD24H 
10 GND 35 MEI.1D23 H 
11 MEltt D02 H 36 GND 
12 t'-'EM DOl H 37 ldEM D22 H 
13 MEMDOOH 3S MEMD21 H 
14 MEMD19H 39 h1:EM D20 H" 
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Table 2-3 (Cant.) Memory Exp.nalon Connec!!,r (.13) Pinouts 
Pill Sipal Pia Sipal 

15 GND 40 MEMD38H 
IS MEMD18H 41 GND 
11 MEMD17R 42 MEMD31H 
18 MEP4D16H 43 MElvt D36 H 
19 ltfEMD15 H « MEMD35H 
20 GND 45 MEMD34H 
21 MEMD14H 46 GND 
22 MEMD13H 47 MEMD33H 
23 MEMD12H 48 MEltl D32 H 
24 GND 49 MEMD31H 
25 MEMDll H 50 MEMD30H 

2.4 H3600-SA CPU Cover Panel 
The 113600-SA CPU cover panel is an 1/0 panel that fits over backplane 
slots 1 and· 2. covering both the KA655 CPU module and the first of four 
possible MS650·BA mem(\ry modules. A one-piece ribbon cable on the 
H3600·SA plugs into the console SLU and baud rate connectors on the 
~~655. 

The H3600 ... SA CPU cover panel (Figure 2-4) includes the features and 
controls specified in Table 2-4. 

Table 2-4 H3&OO-SA CPU Cover Pane! Featurea and Controla -----
Outaide Jnaide 

Modified modular jack (MMJ> Baud rate rotary switch 
SI4U oonna(!wr 

Powe.rcup tnode switch Battery back-up unit (BBU) for TODR clock 

Hex LED display List of baud rate switch settings 

Break enable switch 3().pin cable connector 



POWE n ::P MOOf 

1 lANGUGE If.,iQUI"'W 

~ ----t> P-.jOR.,.Al OPfRATIO~ \...:.J.:- 'FACTORY SETTI!'4('1I 

HAL 1 £ ~ARl £ SWITCH 
IQm'lN- OISABlfO, 

l F n OISPlf, Y 

..... CD lOOP8ACY-. TEST 

Figure 2-4 H3600·SA CPU Cover Pinel 
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BATTERY BAC~UP 
UNtT IRBU. 

LIST or- SWITCH SE TTl~GS 
FOR BAUO RATES 

0"" 300 
t"- 600 
'I 1200 
3 - 2400 
4" 4800 
~. 9600 
(,,. 19200 
7 • 38400 

'~''''OOl' '" 

2.5 KA630CNF Configuration Board 
A KA630CNF configuration board (H3263·00) (Figures 2-5 through 2-7) 
can also be used to configure the KA655~ The KA630CNF plugs directly 
into connectors Jl and J2 on the KA655. It allows the user to configure 
the KA655 by setting the 10 switches on SWI as listed in Table 2-5. 

Connector Jl is used to connect a cable to the console SLU. Connector J4 
is for a BBU. The J4 pin closest to connector Jl is the positive pin. 
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J3 

TOPVIEW 

m 
J1 J4 

• • • • • •• •• 

SlOE VIEh' 

J2 

o 
\. ...... 

0000000000 
1 23456 7 S 9 10 

t. ...... 

".A 10«';- '" 

Figure 2-5 KA630CNF Configuration Board 

9 

(. .. ........ . 
•••••••••••• 

20 10 

J2 

'} 

J3 

"1" 1 ... til 
,"",\ 'Q6~3' 

Figure ~-6 KA630CNF J2 and· J3 Pin Orientetlon 
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9 1 
1 10 .. -:- .. 

B •• •• I I I I I J I I I I 
10 J: +-

Jl .z¢ SWl 
-.tR 11282 "'A. 107087 

Figure 2-7 KA630CNF ~1 8nd .J4 Pin Orlent.lIon 

Table 2-5 KA630CNF Switch Selections 

SwitehJSettmc 

1 

Off 
On 

2 3 

Off Off 
On Off 
Off On 
On On 
Off Off 
On Off 
Off On 
On On 

G 8 

Off Off 

On Oft' 

OfF On 

On On 

• 
Off 
Off 
Oft"' 
Off 
On 
On 
On 
On 

• 
On 

On 

OtT 

On 

10 

Off 

Off 

On 

Off 

MocielFwactioD. 

IhltMode 

rnaabled 
Enabled 

Col18Ole Baud Rate 

300 
600 
1,200 
2.400 
4.800 
9.600 
19,200 
38.400 

Power-Up Model 

Normal operation. Tranomit line connected. 
Receive line connected. 
Language inquiry mode. Transmit line 
connected. Receive line connected. 
Loopback teat mode (maintenAnce). Tranlmit 
line connected to receive line and conaoltt. 
Manufacturirig uae only. By~ •• e. memury 
tect. 

---- ,.----------~----------------------.----------~~--------tOo not \1M any other -ttilli- for awitclMs 5. 6, 9, and 10. 
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T.ble 2-5 (Cont.} KA630CNF Switch selections 

SwitcblSettmc ModelFunctioll 
--------------------------~--
'1 6 CPU Operation Mode 

Off 
On 
Off 
On 

Off 
OfT 
On 
On 

Normal operation 
ReHrveci 
Reserved 
~Hrved 

Table 2-6 listt;5 the pins on the KA655 J2 and Jl. and the corresponding 
KA630CNF connectors and switches on SW1. Note that C3nnectcrs J2 and 
dB both have more connectors than there are pins on the corresponding 
KA655 connector. The two left and two right side connectors on J2 and J3 
of the KA630CNF are unused. S·vlitches 1 through 8 on SWl set values 
that enable or disable halts; and detennine CPU operation nlode, powe .. • 
up mode" and console baud 1'"8te. SWl switches 9 and 10 connect transmit 
and receive lines as required for no! mai operati"n or loopback testing. 

Table 2=-6 KA630CNF Connector .nd Switches-

eN)' 
CPUJ2 CNFd2 SWl 
Pin SipaJ. Pin Switcb CNF,~'Pm 

1 
2 

1 GND 3 
2 GND 4 
3 GND 5 
4 CPUCDOL 6 7 
5 . CPU eDt L 1 8 
6 GND 8 
7 nSPL oo:u 9 
8 DSPLOI L 10 
9 DSPL02L 11 
10 BTRYVCC 12 11 
11 DSPL03L 13 
12 GND 14-
13 BDGCDOL 15 5 

t+5 V fromBBU to TODR clock cr..ip on CPU 
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3 
Architecture 

,This chapter describes the KA655 registers, instruction set. and memory. 
The chapter covers the following KA6S5 topics: 

• Centra.! pro<:eS80r 

• Floating"'point accelerator 

• Cache memory 

• Main memory system 

• Console serial1ine 
'J 

• Time-of·year clock and timers 

• Boot and diagnostic facility 

• Q22.bus interface 

3.1 Central Processor 
The KA655 central processor sup~rts the lficroVAX chip su.bset (plus six 
additiollal string instructions} of the VAX instruction set. a11d data types. 
and full VAX memory management. It is implemented by a single VLSI 
chi}} called the CVAX. 

3.101 Processor State 
The pl'OCessar state consists. of that portion of the state of a process wlrlch ; 
is stored in processor registers tather than in memory. The proCessor 
state is composed of 16 general purpose registers (GPRs), the p,~ssor 
status longword (PSL). and the internal proce8so~ regis~rs (IPRs). 

, , 

: 3-1 . 
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Nonprivileged software can access the GPRs and the processor status 
word (bits <15:00> of the PSL). The IPRs and hits <31:16> of the PSL can 
only be accessed by privileged software. The IPRs are explicitly accessible 
only by the move to processor register ()'~TPR) and move from processor 
register CMFPR) instructions which can be executed or11y while running in 
kernel mode. 

3.1.1.1 Gtner.t Purpo .. Reglaters 
The KA655 implements 16 generai purpose registers as specified in 
the VAX Architecture Reference Man:uJl. These registers are used for 
temporary storage, as accumulators. and as base and index registers for 
addressing. These registers are denoted RO through R15. The bits of a 
register are numbered from the right <0> through <31> (Figure 3-1). 

31 30192827262524232221201918171615141312 1110 9 8 l 6 5 4 3 2 , 0 

1111'11111111 [11111111111111111111 

Figure 3-1 General Putl)O .. Regll'er Bit Map 

Certain of these registers have been assigned special meaning by the 
VAX .. 1I architecture. 

• R15 is the program counter (PC) .. The PC contains the address of the 
next instruction byte of the program. 

• R14 is the stack point.er (SP). The SP contains the address of the top 
of the processor defined stack. 

• Rl3 is the frame pointer (It~'l:). The VAX-ll procedure call convention 
builds a data structure on the stack called a stack frame. The FP 
contains the address of the base of this data structure. 

• R12 is the argument pointer (AP). The VAX-ll procedure call 
con\'ention uses a date structure called an argument list. The AP 
contains the address of the base of this data structure. 

Consult the VAX Architecture Reference Manual for more information on 
the operation and use of these registers. 



3.1.1 .. 2 Proceuor Stilus Longword 
The KA655 processor status Iongword (PSL) is iJl'lplementeci per the VAX 
Architecture Reference Manual. which should be consulteel for a detailed 
description of the operation of this register. The PSL is S8iVed on the stack 
when an exception or interrupt occurs and is saved in the! process control 
block (PCB) on a process context switch. Bits <15:00> m~ly be accessed 
by nonprivileged software. while bits <31:16> may only be accessed by 
privileged software. Processor initialization sets the PSL to 041F 0000 16-
Figure 3-2 shows the processor status longword bit map. 

3t30}9281726252423222120 1615 8 765 4 J ~ t 0 

~~~~~~-------IP-t--------~-~B-Z------~~TINlzlvlcl 

eM 
TP 

MBZ 

fPO ~ 
:;~R MOD ---1 
PRV MOD 

MBZ------------~ 

Figure 3-2 PSL Git Map 

Data Bit Definition 

tV 

FU 

---DV 

<31> Compatibility mode (Clt1). Read~ as ~ero. Loading a 1 into 
this bit is a NOP 

<30> 

<29:28> 

<27> 

<26> 

<25:24> 

<23:22> 

Trace pending (TP) 

Unused. Must be written as zero. 

Firat part done <FPD) 

Interrupt 8UlCk (IS) 

Current nlode(CUR) 

Previous mode (PRV) 
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nata Bit 

<21> 

<20:16> 

<15:8> 

<7> 

<:1> 

NOTE 

Dt;41Jitioll 

UnUied. Mult be written .1 zero. 

IntelTUpt priority level aPL) 

UnUied. MUlt be written a. lero. 

Decimal overflow trap enable (DV). Has no etrect on KA655 
hardware. Can be Uled by ma~t'QCode which emulatea v..~ 
decimal instructions. 

Floating und~Tflow fault enable (FU) 

Integer overflow trap enable (IV) 

Trace trap enable (T} 

Negative condition code (N) 

Zero condition code 

Overflow condition code (V) 

Carry condition code (C) 

VAX compatibility mode in.traction. can be emulated by 
macrocode. but the emulation IIOftware rUD. in Dative mode. 
110 the eM bit i. never Nt. 

3.1.1.3Inleml' Procuaor Reg, ...... 
The KA655 internal procesmr registers (IPRs) can bf: accessed by using 
the MFPR and MTPR privileged instructions. Each IPR falls into one of 
the following seven categories: 

1. Implemented by KA655 in the CVAX chip as specified in the VAX 
Architecture Reference Manual. 

2. Implemented by KA655 in the sse as specifi.ed in the VAX 
ArchitectuI'e Reference Manuel. 

3. Implenlente<i by KA655 land all designs that use the CVAX chip) 
uniquely. 
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4. Implemented by KA655 (and all designs that use the SSe} uniquely. 

5. Not implemented. timed out by the CDAL bus timer (in the SSe) after 
4 J1S. Read as o. NOP on write. 

6. Access not allowed; accesses result in a reserved operand fault. 

7. Accessible. but not fully impiemented. Accesses yield unpredictable 
results. 

Refer to Table 3-1 for a listing of each of the KA655 IPRs t along with its 
mnemonic. its access type (read or write) and its category number. 

Tlble3-1 KA655 Internal Proceaor Reglltlrs 
Deeilllal Hex Repter MaeaoDie Type CaWcoryl 

0 0 Kemelstack pointer KSP r/w 1 
1 1 Executive -tack pointer ESP r/w 1 
2 2 Supervisor .tack pointer SSP r/w 1 
3 3 User atack pointer USP r/w 1 
4 4 Interrupt stack pointer ISP r/w 1 
7:5 7:5 Rewerved 5 
8 8 PO baBe regiater POBR r/w 1 
9 9 PO length regiatel· POLR r/w 1 
10 A PI base register PIBR riw 1 
11 B Pl length regiflter PILR r/w 1 
12 C Sy~tem base register SBR r/w 1 
13 D Sy.tem length regis~r SLR T/w 1 
15:14 F:E Reaerved 5 
16 10 Proce.s control block baR PCBB r/w 1 
11 11 Sy.tem control block baM SCBB r/w 1 
18 12 Interrupt priority level IPL r/w 11 
19 13 Mfr level MfrLVL r/w 11 
~4' 14 Softw5re interrupt request SIRR w 1 ..... 
21 15 Soft-ware interrupt SISR rJw 11 

aummary 
23:22 17:16 ReMrved 5 
24 18 Interval cl~k ICeS r/w 31 

controllatatU8 
25 19 Next intenal count !\'lCR w 5 
26 lA Interval count ICR a- 5 

'The I mclic •• that the r";' .. r ia initiaUzed on power-up and by the negation of DCOK 
when the proc.-or io haltecl. 
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T.bIe 3-1 (Cont.) KA655 Intema' Procenor Registers 
Decbaal Res BeaUater MaeaoDic Type Catea'oryl 

27 IB Time--of.year clock register TODR l'/W 2 
28 Ie Con!lole ato~age receiver CSRS r/w 71 

a"'tuB 
29 ID Connole atorage receiver eSaD r 71 

data, 
30 IE Contlole ct,Qrage transmit CSTS r/w 71 

status 
31 IF Console storage transmit CSTn w 71 

datcl 
32 20 Console receiver RXCS r/w 41 

con1;rol/atatua 
33 21 Con.lole r~eiver data RXDB r 41 

butler 
34 22 Con.sole transmit '!'Xes r/w 41 

oon1:ro 1/statu8 
35 23 Coo1801e- transmit data TXDB w 41 

buffer 
36 24 Translation buffer disable TBDR rlw 5 
37 25 Cac:he disable CADR rlw 31 
38 26 Machine check error MCESR r/w 5 

8urnmary 
39 27 Memory system ettor MSER rlw 31 
41:40 29:28 Rel4er\'ed 5 
42 2:\ Console saved PC SAVPC r 3 
43 2B COloaole saved PSL SAVPSL r 3 
47:44 2F:2C Reserved 5 
48 30 SBI Fault/status SBIFS r/w 5 
49 31 SBiI eilo SBIS r 5 
50 32 SE,I ailo comparator SBISC r/w 5 
51 33 SE'I maintenance- SBIMT rAy 5 
52 34 SBI error register SBIER r/w 5 
53 35 SBI timeout address SBITA r 5 

regiater 
54 36 SBI quadword clear SBIQC w 5 
55 31 I/O bu& relet IORESET w 4 

tTht' J andicates that the 1"tJ8l8ter is initiah&ed on power-up and by the negation of DCOK 
when the proc.-ot" 1& balWcl. 
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Table 3-1 (Cont.) KA655 Intem.1 Procnaor Regl ..... 

Decbual Hex Rep.ter MDe.oDic Type Catecoryl 
h 

56 38 Memory management MAPEN r/w 1 
enable 

51 39 TB invalidate all TBIA w 1 
58 SA TB invalidate aingle TBIS w 1 
59 3B TB data TBDATA. r/w 5 
60 3C Microprogram break MBRK r/w 5 
61 3D Performance monitor PMR r/w 5 

enable 
62 3E System identification SID r 1 
63 31t' Tr.analation buffer check TBCHK w 1 
64:127 40:7F Retlerved 6 

lThe 1 indicat.e& that the rlifiater i. initilllized on power-up.nd by the nesaUon of DCOK 
when the proc:ellAOr is halted. 

KA655 VAX St.ndlrd Internal Preceuor Regl.te,. 

Internal processor registers (IPRs) that are implemented as specified in 
the VAX Architecture Reference Manual are classified as category 1 IPRs. 
The VAX Architecture Reference Manual should be consulted for details on 
the operation and use of these registers. The category 1 registers listed in 
Table 3-2 are also referenced in other sections of this manual. 

Tlble3-2 C.tegory One IPRs 

Nu.lMir Rep.&er MIl •• oDic Sectio,,~ 

12 SYltem baH regilter SBR 3.1.4 .. 2 
13 SYlt.enl length regilter SLR 3.1.4.2 
16 Procell control b}o<!K b •• e PCBB 3.1.5 
17 SYltem control block. bale SCBB 3.1.5.4 
18 Interrupt priority level IPL 3.1.5.1 
20 Software inte"tTUpt nqUHt SIRR 3.1.5.1 
21 Soft,ware intetrUpt aummary S18R 3.1.5 .. 1 
27 Tim~·or·ye.'r clock regilter TODR 3.6.1 
56 Memory management enable MAPEN 3.1.4.2 
51 Tranalation· buffer invalidate TBIA 3.1.4.2 

aU 



T.bIe 3-2 (Cant.) c.tagory One IPRS 

Number- Retriater MIl.,.oDic Section 

58 'ITanalation buffer invalidate TBIS 3.1.4.2 
lingle 

62 System identification SID 3.1.6 
63 Translation buffer check TBCHK 3.1.4.2 

KA655 Unique Intern.l Procuaor Reg t ate,., 
Internal processor registers (IPRs) that are implemented uniquely on 
the KA655 (for example, those that are not contained in, or do not fully 
confcnn to the standards in the VAX Architecture Reference Manual) 
are classified as category 2 IPRs and are described in detail in this 
manual. Refer to the sections listed in Table 3-3 for a description of these 
registers. 

Tlble3-3 C.tegory Two IPR. 
Number ReP_ter Mae.-ollic· Section 

24 Interval clock control/status ICeS 3.6.2 
32 Console receiver axes 3.5.1 .. 1 

controVat.atua 
33 Console receiver data buffer RXDB 3.5.1.2 
34 Console transmit TXCS 3.5.1.3 

controVstatu8 
35 Console transmit data buffer TXDB 3.5.1.4 
37 Cache dillable CADR 3.3.2.5 
39 Memory system error MSER 3.3.2.6 
42 Console laved PC SAVPC 3.1.5 
43 Console aa"ed PSL SAVPSL 3.1.5 
55 110 bus reset lORE SET 3.7.5.1 



3.1.2 Data.Types,·· 
The KA655 CPU supports t,he fonowing subset of the VAX data types: 

• Byte 

• Word 

• Longword 

• Quadword 

• Character string 

• Variable length bit field 

Support for the remaining VAX data types can be provided through 
macrocode emulation. 

3.1.3 Instruction Set 
The KA655 CPU implements the following subset of the VAX instruction 
set types in microcode: 

• Integer arithmetic and logical 

• Address 

• Variable length hit field 

• Control 

• Procedure call 

• Miscellaneous 

• Queue 

• Cha"racter string moves (MOVe3, MOVe5, CMPC3 1 I CMPC51 
t 

LOCe l , SeANel , SKPC1 , and SPANC1) 

• Operating system support 

• F _floating 

• G_floa ting 

• D_floating 

t TheMe- instructions were in the microcode assisted category on the KA630·AA. 
(MicroVAX II) and therefore had to be emulated. 
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The KA655 CVAX chip provides special microcode assistance to aid the 
macrocode emulation of the following instruction groups: 

• Character string (except MOVe3, MOVeS1 
t CMPCS1, CMPCSl, 

LOCel 
t SeANel , SKPC1 

t and SPANOl) 

• Decimal string 

• eRe 
• EDITPC 

The following instruction groups are not implemented, but may be 
. emulated by macrocode: 

• Octaword 

• C9mpatibility mode instructions 

3.·1.4 Metmory Managemekit 

The KA655 implements full VAX memory management as defined in the 
VAX Architecture Reference Manual. System space addresses are virtualiy 
mapped thl'Ough aingle-level page tables~ and process space addresses are 
virtually mG.pped through tw~level page tables. See the VAX Architecture 
Reference Manual for descriptions of the virtual to physical address 
translation process, and the format for VAX page table entries (PTEs). 

t ,",IN inatructiona wer~ in the microcode .Isilted eatesory on the KA63()'AA 
tMicroVAX II) and therefore had to be emulated. 
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3.1.4.1 Tr.nalalion Bufffjr 
To reduce the overhead associated with translating virtual addresses 
to physical addresses. the KA655 employs a 28 .. entry, fully associative, 
translation buffer for caching VAX PTEs in modified fonn. Each entry can 
store a modified PTE for translating virtual addresses in either the VAX 
process space. or VAX system space. The translution buffer is flushed 
whenever memory management is enabled or disabled (fur example, by 
writes to IPR 56). any page table base or length registers are modified (for 
example. by writes to IPRs 8 to 13) and by writ!ng to IPR 57 (TBIA) or 
IPR 58 (TBIS). 

Each entry is divided into two parts: a 23·bit tag register and a 3I-bit 
PTE register. The tag register is u~d to store the virtual page number 
<VPN) of the virtual page that the corresponding PrE register maps. The 
PTE register stores the 21·bit. PFN field. the PTE.V hit, the PTE.M bit 
and an 8·bit partially decoded representation of the 4-bit VAX PrE PRO'!' 
field, from the corresponding VAX PrE, as well as a translation buffer 
valid (TB.V) hit. 

During virtual to physical address translation, the contents of the 28 tag 
registeJ's are compared with the virtual page nunlber field (bits <31:9» of 
the virtual address of the reference. If there is a match with one of the 
tag registers, then a translation buffer hit has occurred~ and the contents 
of the corresponding PTE register is used for th~ translation. 

I f ther~ is no match, the translation buffer does not contain the necessary 
VAX PTE informat:~n to translate the address of the reference, and 
the PTE must be fetched from memory. Upon fetching the PrE" the 
translation buffer is updated by replacing the entry that is 8elect~ 
by the replacement pointer. Since this pointer is moved to the next 
sequential translation buffer ent.ry ¥'!henever it is pointing to an entry 
that is accessed, the replacement algorithm is not last used (NLU}. 

3.1.4.2 Memory Management Control Registers 
There are four IPRs that control the memory management unit (MMU): 
IPR 56 (MAPEN), IPR 57 (TBIA), IPR 5S3 (TBIS). and IPR 63 ('rBCHK). 

Memory management can be enabled/disabled through IPR 56 <MAPEN}. 
Writing 0 to this register with a MTPR instruction disables.memory 
management. and writing a 1 to this register with a MTPR instruction 
enables memory management. Writes to this register flush the translation 
buffer. To determine whether or not memory management is enabled, IPR 
56 is read using the MFPR instruction. Translation buffer entries that 
map a particular virtual address can be invalidated by writing the virtual 
address to IPR 58 (TBIS) using the MTPR instruction. 
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NOTE 
Whenever .oftware c)umges a valid page table entry for the 
8y8t~m or current process region, or a system p,aate table "~~ntry 
that maps any part of the C\b,-ent process page tablet all p::oce85-
pages mapped by the page table entry must be invalidated in th~ 
tran81ation buffer. 

The ent:re translation buffer can be invalidated by writing a 0 to IPR 57 
(TBIA) using the MTPR instruction .. 

The translation buffer can be cnecked to see if it contains a valid 
t.ranslation for a particular virtual page by writing a virtual address 
within that page to IPR 63 (TBCHK) using the MTPR instruction. If the 
translation buffer contains a valid translation for the paget the condition 
code V bit cbit <:1> of the PSL) is set. 

NOTE 
rrhe TBIS, TBIA, and TBCHK IPRs are write onlyo rl'he operation 
of' a MFPR instruction from any or these registers is undefined. 

3.1.5 Exceptions and Interrupts 
Both exceptions and interrupts divert execution from the normal flow of 
contt'ol. An exreption is caused by the execution of t.he current instruction 
and is typically handled by· the current process (for example. an arithmetic 
overflow). while an interrupt is caused by some 8,ctivity outside the 
current process and typically transfers control outside the process (for 
example, an interrupt from an external hardware device). 

3.1.5.1 lnterrupt6 
Interrupts can be divided into two classes: nonmaskablet and maskable. 

Nonnl3skable interrupts cause a halt through the hardware halt 
procedure \\~hich saves the PC. PSL~ MAPEN<O> and a halt code in IPRs, 
raises the processor IPL to IF, and then passes control to the resident 
firmware. The finnware dispatches thl3 interrupt to the appropriate 
service 1"outine based on the halt code and l1ardware event indicators. 
Nonmaskable interrupts cannot be blocked by raising the processor IPL, 
but can be blocked by running out of the halt protected address space 
(except those nonmaskable intelTupts that generate a halt code of at 
Nonmaskable interrupts with a halt code of 3 cannot be blocked since this 
halt code is generated after a hardware reset. 
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Maakable interrupts cause the PC and PSL to be saved, the processor 
IPL to be raised to the priority le\"el of the interrupt (except for Q22-b1.1S 
interrupts where the processor IPL is set to 17, independant of the level 
at which the interrupt was received) and the interrupt to be dispatched to 
tb<? apPl"opriate service routine through the SCB. 

The various inten~pt conditions for the KA655 are listed in Table 3-4 
along with their associated priority levels and SCB offsets. 

Table 3-4 Interrupts 
Priority 
Level Interrupt Condit.'oJ1 

Nonmaskable BDCOK and BPOK negated then 
asserted on Q22·bu8 (power-up) 
BDCOK negated then asserted 
while BPOK asserted on Q22.bua 
(SCR<7> clear) 
BDCOK negated then asserted 
while BPOK 8ssel"ted on Q22 .. bua 
(SCR<7> set) 
BHALT asserted on Q22·hus 
BREAK geneY'8ted by the console 
de\.riee 

lit'" t:'nused 
lE BPOK negated on Q22.bus 
lD CDAL bus panty error 

Q22·bus NXM on a write 
CD .. ~ hus titneottt during DMA 
Main mernory f\,TJa\{ errors 
Uncorrectable main memory errors 

Ie - IB . Unused 
l~,\ Second-level cache tag parity en'ors 

Correctable- ulaitl memory errors 
19 . 18 Unused 
17 BR1 L asserted 
16 Interval timer interrupt 

BR6 L asserted 
15 BR5 L asserted 

1. 

2 

2 

oc 
60 
60 
60 
60 
60 

54 
54 

Q22 .. hus vector plus 290 16 

CO 
Q22.bt.'s vector plus 200 16 

Q22·hus vectar plus 200 16. 

'Theae c~nditions generate a hardware hrut procedUl'e with a brut code of 3 (haroware 
re_t). 
2Thet'e conditions generate a hardware halt procedure with a halt code of 2 (ex.ternal halt). 
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Table 3-4 (Cont.) Interrupts 

Priority 
Level 

14 

13 through 
10 
OF through 
01 

NOTE 

Interrupt Condition 

Console terminal 
Programmable timers 
BR4 L aeserted 
Unused 

SoftwarE' interrupt request.s 

F8.F6 
78,7C 
Q22.bus vector plus 200 IS 

84 .. BC 

Because the Q22.bu8 does not allow different·iation between the 
four hus grant levels (for eJCa:QlPle~ a level'; device could respond 
to a level 4 bU81i~ant)t the KA655 CPU raises the lPL to 17 after 
res.ponding to interrupts generated by the assertion of either BR7 
Lt BR6 Lt or BR4 L" The KA655 maintains the IPL at the priority 
of the interrupt for all , .. ther interrupts. 

The interrupt system is controlled by three IPRs: IPR 1St the int.~rrupt 
priority level register (IPL); IPR 20, the software interrupt request 
register (SIRR); and IPR21t the software interruptsllmmary register 
(SlSR). TIle IPL is used for loading the processor priority field in the 
PSL (bits <20:16». The SIRRis used for creating soft,\vare interrupt 
requests. The SISR records pending software interru.pt requests at levels 
1 through 15. trhe format of thes:a registers is shown in Figure 3-3. Refer 
to the VAX Architecture Referenc·e Manual for mare information on these 
registers. 
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:, 4 0 

IGNORED. RETURNS 0 

4 3 o 

IGNORED 

1615 {) 

I PENDiNG SOFTWARE INTERRUPTS I SISR 
FfDtBA98165432t 

I 
MBZ' 

Figure 3-3 Interrupt Registe,. 

3.1.5.2 Exceptlona 
Exceptions can be divided into three types: 

• Trap 

• Fault 

• Abort 
A trap is an exception· that occurs at the end of the instruction that caused 

I the exception. After an instruction traps, the PC saved on the stack is the 
. ' . .address of the next instruction that would have normally been executed 

and the, instruction can be restarted. 
I 
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A fault is an exception that OCCl'u'S during an instruction> and that 'leaves 
the registers and ·memory in a consistent state such that the e1imin~tion 
of the fault condition and restartirtg the instruction gives COtTect results. 
After an instruction' faults, the PC saved on the stack points to the 
instruction that faulted. 

An abort is an exception that occurs during an instruction, leaving the' 
value of the registers and memory unpredictable. such that the instruction 
cannot necessarily he correctly restarted, completed, simulated, or undone. 
Mter an instruction aborts, the PC saved on the stack points to the 
instruction that was aborted (which may 01" may not be the instruction 
that caused the abort) and the instruction mayor may not be restarted 
depending on the class of the exception and the contents of the parameters 
that were saved. 

Exceptions are grouped into six classes: 

• Arithmetic 

~. Mernory management 

• Operand reference 

• Instruction execution 

• Tracing 

• System failure 

A list of exceptions grouped by class it; given in Table 8-5. Exceptions 
save the PC and PSL, arid in some cases one or more parameters, on the 
stack. Most exceptions do not change the IPL of the processor (except 
the exceptions in serious system failures class, which set the processor 
IPL to IF) and cause the exception to be dispatched to the appropriate 
service routine through the SeB (except for the interrupt stack not 
valid exception. and exceptions that occur v.'hiie an interrupt or another 
exception are being·servicedt which cause the exception to be dispatched 
to the appropriate service routine by the resident firmware). 
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The exceptions listed in Table 3-5 (except machine check) are described 
in greater detail in the VAX Architecture Reference Manual. The 
machine check exception is described in greater detail in Section 3.1.5.3. 
Exceptions that can occur while servicing an interrupt or another " 
exception are listed in Thble 3-8 in Section 3.1.5.6. 

T.ble3-5 exceptions 

Aritlmaetic Exception. 
Integer overflow 
Integer divide.by-zero 
Sublcript range 
Floating overflow 
Floating divide-by-zero 
Floating underflow 

Me.ory MUlap_ellt Exception. 
Atcela control violation 
Translation not ,-aUd 

Openmd Reference Esceptioaa 
Reserved addrelaing mode 
R-{lserved operand fault 

IlMtruction Execution ExceptioJU 
Reserved/privileged instruct.ion 
Em"ulated instructil'n 
Change mode 
Breakpoint 

Tracinc EsceptiOQ 
Trace 

Syat •• FaUuft ExeeptiCJl. 
Interrupt .tack not valid 
K~rnel .taek not valid 
~"achine cheek 
(~DAL" bu. panty errors 

Trap 
Trap 
Trap 
Fault 
Fault 
Fault 

Fault 
Fau!t 

Fault 
AboFt 

Fault 
Fault 
Trap 
Fau1t 

Fault 

Abort 
Abort 
Abort 

SCBOIl.t 

34 
34 
34 
34 
34 
34 

20 
24 

lC 
18 

10 
C8.CC 
40·4C 
2C 

28 

1 

08 
04 

tD!apatched by resident firmwtll"e l'ather than through the Se8. 
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Table 3-5 (Cont.) Ex~ptlonl 

}t'irat·level cache parity error. 
Second-level cacbe data parity 
errara 
Q22 .. bur, NXM errors 
Q22·bul! device parity errors 
Q22·bus no grant errors 
CDAl, bus timeout errora 
Main memory NXM errors 
Main memory uncorrectable errors 

SCBOtfeet 

3.1.5.3 Infol1Mtion Saved on • Machine Check Exception 
In response w a machine check exception the PSL. pel four parameters, 
and a byte count are pushed onto the stack. as shuwn in Figure 3-4. 

aVTE COUNT SI' 

MACHINE CHrCK ~nDE 
.-

MOST REC~NT VIRTUAL .~ODRESS 
,. 

INTERNAL STATE INFORM~\nON t 

h\lT£ RNAl5TATE- tNFORMAl 'ON '} 
. 

PC 

PSl 
- --

Figure 3-4 Information saved on a Machine Check Exception 

Figure 3-4 is explained in the following paragraphs. 

Byte Count 

Byte count <31:0> indicates the number of bytes ofinfonnation that follow 
on the stack (not including the PC end PSL). 



Arch itectu r. 3-19 

Mtlchl .... CheCk Code ~nuM .. r 
Maclline check code <31:0> indicates the type of machine check that 
oc:curred. A lilt of the possible machine check codes (in hex) and their 
aaaociated causes follow.: 

• FloatiUC-point error. indicate the floating-point accelerator (FPA) 
chip detected an error while communicating with the CVAX CPU chip 
during the execution of a floating-point instruction. The most likely 
cauae{s) of these types of machine checks are: a problem internal to 
tbe CVAX CPU chip; a problem internal to the FPA; or a problem with 
the interconnect between the two chips. 

Machine checks due to floating-point elTon may be re<:overable, 
depending on the state of the VAX ean't restart flag (captured in 
internal state infonnation 2 <15» and the first part done flag 
(captured in PSL <27». If the first part dane flag is set. the error 
is recoverable. If the first part done flag is cleared. then the VAX 
can't restart fl;.~g must alao be cleared for the ClTor to be recoverable. 
Otherwise, the error is unrecoverable and depending on the CU~llt 
mode, either the current proce5s or the operating system should be 
terminated. 'nte information pushed onto the 8ta~k by this type of 
machine cheek is from the irlBtmction that cauMd the T.-1achine check. 

UexCocie 

1 

2 

3 

A protocol ~lTor waa de~ by the FPA chip while 
attempting to eXRute a floating-point inttruction .. 
A relel"Ved inatru~i.ion w •• detected by the FPA while 
attempting to execute a floating-point in.truction. 
An illegal status code wa. tetumMl by the FPA while 
attempting to execute a ftoating.point instruction. 
(CPSTA<1~O>=10) 

An illegal statUI code waa returned by the FPA while 
atwmpting to execute a floating-point inltnlction. 
(CPSTA<l!O>:Ol) 

• Memory JlUUlII&r4!Dlent en.~ora indicate the microcode in the CVAX 
CPU ~~lip detected an impossible situation while p6rfonning functions 
associated with memory management. The most likely cause of 
this type of a machine check is a problem internal to the CVAX 
chip. Machine checks due to memory management errors are 
nonrecoverable. Depending on th3 cu.nent mode. 4either the·current 
process or the operating system should be tenninated. The state of 
the POBR. POLR. PIBR, PILR. SBR. and SLR should be logged •. 
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aexCoci. 

5 

6 

7 

8 

The calculated virtual addrell for & procell PTE w •• in 
the PO Ip:lce inltead of the ayatem apace when the CPU 
attempted to acce.a a proeela PTE after a tran,lation buffer 
mil •. 
The calculated virtual .deboe,s apace for a procela PrE 
was in th~ Pl.~ce instead oftheayltem .~c.~ILwhen the 
CPU attempted. to aeea •• a procHs PTE after a tran.lat-:on 
buffer mi ••. 
The calculatecf Virtual addre •• for a proceii PrE was in 
the PO apace inltead of the .,Item apace when the CPU 
attempted to accel. a procell PTE to change the P'I'E<M> 
bit before writing to • previously unmodified page. 
The calculated virtual .ddrel. for a procell prE was in 
the Pl apace in.tead of the ',Item apace when the CPU 
attempted to .ceala a procell prE tG change the PTE<M> 
bit before writing to • previou.ly unmodified page. 

• Interrupt enon indicate the interrupt· controller in the CVAX CPU 
requested a luardware interrupt at an unused hardware IPL. The 
moat likely cause of this type of a machine check is a problem internal 
to the CVAX chip. Machine checks due to unused IPL errors are­
nonrecoverable. A nonvectored interrupt generated by a serious error 
condition (memoty error~ power fail, or processor halt) has pl'Obnbly 
been lost. The operating system should be tenninated. 

Hex Code 

9 A hardware interrupt wa. nquelted at an unuHd interrupt 
priority level (IPL). 

• Mierococle errolW indicate an impossible situation was detected by 
the microcode during instruction· execution. Ncte that most erroneous 
branches in the CVAX CPU microcode cause mndom microinstructions 
to be executed. The mOlt likely caWle of this type of machine check 
is a problem internal to the CVAX chip. Machine ch~ks due to 
microcode errors are nonrecoverable. Depending on the current 
mode. either the current process or the operating system should be 
tenninated. 
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Error Deecriptioa 

An impo •• ibl~ ltaw w •• detected during a MOVeS or 
MOVeS inltnaetion (not move forwanl. move barkwani. ~r 
fill). 

• ~.cl elTOn indicate an error was detected while the CVAX CPU 
was attempting to read from either the first-level cache. the secondo. 
level cache. main memor:t't or the Q22-:bus. The mOlt likely cause of 
this type of machine check must be detennined from the state of the 
MSER. DSER, MEMCSR16. QBEAR, DEAR, and CBTCR. Machine 
checks due to read errors may be recoverable, depending on the state 
of the VAX can't restart flag (captured in internal state inforn'!ntion 2 
<15» and the first part dOfie flag (captured in PSL <21». If the first 
part done flag is set. the errol" is recoverable. If the first part done 
flag is cll'ared. then the VAX <'.8n't reatart flag must al80 be cleared 
for the etTOl" to be ~overable. Otherwise, the error is unftCOverable 
and depending on the (urrent mode. either the cunent process or the 
operating system should be tenninated. The infonnation pushed onto 
the stack by this type of machine check. is troln th-e instruction that 
caused the machine check. 

80 

81 

An etTOf occutnMi while re.ding an operand. a proce •• 
page-~bl~ ~nt'r)- ~uring addn •• tranalaUon. or on any read 
gt!r.erated .¥ part ;,f an interlocked inltTUction. 
An t!1TOr occutftd while Nading a ay.tem Pllge- table entry 
(SPfEj, during .ddretll t;rar •• lation •• proee •• contl"ol block 
(PCB) entry during « rontext .witch" or « .Yltem control 
block (SCa) entry while procell.ing an interrupt. 

• Write elTOn indicate an en"Or was detected while the CVAX CPU 
was attempting to write to either the firat .. level ('ache. the lei:ond· 
level cache. m..un memory, or the Q22 .. bus. The mOlt likely c:aUJIe of 
this type of machine check must be detennined from the state of the 
MSER.DSER. MEMCSR16. QBEAR, DEAR. and CBTCR. Machine 
checks due to write etToY'S·are nonrecoverable because the CPU is 
capable of perfonning many read operaations out of the firat-level cac.he 
before a write operation oomple~s. For thi$ reaaon t the infonnation 
that is pushed onto the stack by this type of machine check cannot be 
guaranteed to be from the instruction that caused the machine check. 
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Uex CocItr 

82 

83 

Error »-criptioa 

An error QCtUlTed while writing an operand t or .. proce.1I 
page table entry to cltange the PTE<M> bit before writ in, a 
previoully unmodified paee. 
An error occun-ed while writing a .Yltem pale table entry 
(SPI'E) to change the PrEcM> bit before writing a preYioualy 
unmodified pago, or aproc ••• control block (PCB) entry during 
• context .witch or during the execution of inltructiona that. 
modify any .tack pointers .tored in the PCB. 

Moat f.ac.r~t Virtual Add,... Par.meter 
Most recent. virtual addre~8 <31~O> ~apture8 the contents of the virtual 
address pointer register at the time of the machine check. If a machine 
~h.eck. other than a machine cbeck 81 occurs on a read o~rationt this field 
t'eprf~sents the virlual address of the location tl'lat is being read when the 
error uccurs, plus four. If lnachine check 81 OCClU'lt this field repreaents 
the physical addresB of the loc,ation that is being read when the error 
occurs, plus four. 

If a machine check other than a machine check 83 occurs on a write 
operation, this field represents the virtual address of a location that is 
being referenced either when the error occurs, or sometime £!ter, plus 
four. If a machine check 83 OCClU'SJ this field represents the pbyaicd 
address of the location that is being referenced either when the error 
(}(.~ur8.- or sometime aiter, plus four. In other words, if the machine check 
OCClL;"';8 on a write operatiCln, the CO~lltenta of this field cannot be uaed for 
elTor recovery. 

Intema' State Information 1 Parameter 

Intenlal state information 1 is divided into four fields. The contents of 
these fields is described as follows: 

• <31:?A> captures the opcode of the instruction that is being read or 
executed at the time of tile ma~hine check. 

~ <23:16> captures the internal--state of the CVAX CPU chip at the 
tiine of the machine check. The four mast Bignificant bits are equal 
00<1111> and the four least significant bits contain highest priority 
software interrupt <3:0>. 
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• <15:8> aptures the state of CADR<7~O> at the time of the machine 
check. See Section 3.3.2.5 for an interpretation of the contents of this 
register. 

• <7:0> captures the state of the MSER<7:0> at the time of the machine 
check. See Secticn 3.3.2.6 for an interpretation of the contents of this 
register. 

Int.rnll Stlte Information 2 

Internal state infonnation 2 is divided into five fields. The conwnts of 
these fields is described as follows: 

• <31:24> captures the internal state of the CVAX CPU chip at the time 
of the machine check. This field cuntains SC register <7:0>. 

• <23:16> captures the internal state of the CVAX CPU chip at the time 
of the machine check. The two most Gignificant bits are equal to 11 
(binary) and the six least significant bits contain state flags <5:0>. 

~ <15> captures the state of the VAX can't restart flag at the time of the 
machine check. 

• <14:8> captures the internal state of the C\i\X CPU chip a't the time 
of the machine check. The three most significant bits are equal to 
III (binary) and the four least significant bits contain ALU condition 
codes. 

• <7:0> captures the offset between the virtual addres! of the start of 
the instruction being executed at the time of the machine check (saved 
PC) and the virtual address of the location being accessed (PC) at the 
time of the machine check. 

PC 

PC<31:0> captures the virtual address of the start oftbe instruction being 
e)(ecuted at the time of the machine check .. 

PSL 
PSL<31:0> captures the contents of the PSL at the time of the machine 
check. 
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3.1.5.4 Sy.tem Control Block 
The system control block (SCB) consists oftwQ pages in main memory that 
contain the vectors by wm<:h interrupts and exceptions are dispatched to 
the appropriate service routines. The SeB is pointed to by IPR 17, the 
system control block base register (SCBB), represented in Figare 3-5. 
The system control block format is presented in Table 3-6. 

31 3029}827162f)142322 2120191817 1615 14. 13 12 Tt T(} q H , h ~ .1 ;t ~. ! 0 

MUZ' PB'r'SICAt lONGWORO AODRESS OF PCB MBZ SCRB 

"." 
... :t. ''*' r." 

Figure 3-5 System Control Block B ... RegIster 

T,'~.3-6 System C~ntrol Block Format -
SC2 IntenuptlEseeptioD 
(}trlte~ N ... ~ Type P ..... eter Note. 

00 Unused IRQ passive release ()n 
otherVAXes 

04 Machine check Abott 4: Parameter. depend on 
error type 

08 Kernel stack not Abort 0 Must be serviced on 
valid interrupt stack 

oc Power fail IntelTupt 0 IPL is raised to IE 
10 Re~ervedlpri\'ileged Fault 0 

instruction 
14 CURtomer reserved Fault 0 XFC instruction 

instruction 
18 Re14erved operand Fau.lt/abort 0 Not always 

recoverable 
IC Reserved Fault 0 

addressing mode 
2C Access c:ontl"ol Fault 2 Parameters are 

,tiolation virtual address. status 
code 

24 Translation not Fault 2 Parameters are 
,,.alid virtual address, status 

code 
28 Trace pending <TP) Fault 0 
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Tabie 3...f; (Cont.) Sya'.m Control Block Format 
SCB hdernaptlExceptiol1 
CffHt· N .... Type Panuaeter Nota 

2C Breakpoint Fault 0 
inatruction 

30 UnuNd Compatibility mode in 
otherVAXes 

34 Arithmetic Trap/fault 1 Parameter is type 
code 

3S:3C Unused 
40 CHMK Trap 1 Parameter is sign. 

extended operand 
word 

44 CHME Trap 1 Parameter is sign-
extended operand 
word 

48 CHMS Trap 1 Pal"ameter is sign-
extendtY.l operand 
word 

4C CHMU 'l'rap 1 Parameter is sign-
extended ope~nd 
ward 

50 Unused 
54 -Corrected read data Interrupt 0 IPL ia 1A (CRD L) 
58:5C Unutl£d . 
60 Memory error Interrupt 0 IPL is ID (MEMERR 

L) 
64:6C Unused 
78 Programmable Interrupt 0 IPL is 14 

timer 0 
7C Programmable IntelTUpt 0 IPL is 14 

timer 1 
80 Unused 
84 Soft.ware level 1 IntelTupt 0 
88 Software level 2 Interrupt 0 Ordinarily used for 

AST delivery 
8e Software level 3 Interrupt 0 Ordinarily used for 

process scheduling 
9O:BC Software level. 4·15 Interrupt 0 
CO Inwrval timer Interrupt 0 IPL is 16 <INTTIM L) 
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Table 3-6 (Cont.) System Control Block Format 
SCB 
Off_et 

C4 
C8 

GC 

DO:DC 
EO~EC 

FO:F4 

F8 
Fe 
lOO:lFC 

200:3FC 

Interrupt/Exceptiob 
Name Type 

Unused 
Emulation start. 

Emulation continue 

Unused 
Reserved for 
customer or CSS 
use 
Unused 

Console re~eiver 
Console transmitter 
Adapter vectors 

Device vectors 

Fault 

Fault 

Interrupt 
Interrupt 
Inten-upt 

Interrupt 

400:FFC Unused IntetTupt 

3.1.5.5 Hardware Detected Errors 

Parameter Note. 

10 

o 

0 
0 
0 

0 

0 

Same mode exception. 
FPD=O; parameters 
are opcode. PC. 
specifiers 
Same mode 
exception, FPD=l: 
no parameters 

Console storage 
registers on 111750 
and 111730 
IPL is 14 
IPL is 14 
Not implemented by 
the KAS55 
Correspond to Q22-
bus vectors OOO:lFC; 
KA655 appends the 
assertion of bit <9.0> 

The KA655 is capable of detecting thirteen types of error conditions 
during program execution. 

• CDAL bus parity errors indicated by MSER<6> (on a read) or 
MEMCSR16<7> (on a write) being set. (This error cannot be 
distinguished if detected du.';ng a read reference.) 

• F·irst-level cache tag parity errors indicated by l\iSER<O> behig set. 

• First-level cache data parity errors indicated by MSER<l> being set. 

• Second-level cache tag parity errors indicated by CACR<5> being set. 
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Second-level cache data parity errors indicated by MSERc:6> being 
set.(This error cannot be distinguished if detected during a read 
reference.} 

Q22 ... bus NXM errors indicated by DSER<7> being set'l 

Q22-bus no sack errors (no indicator). 

Q22-bus no grant eXTors indicated by DSER.<2> being set. 

Q22-bus device parity errors indicated by DSER<5> being set. 

CDAL bus timeout errors indicat.ed by DSER<.4> (only on DMA) being 
set. 

Main memory ~'XM errors indicated by DSER<O> (only on DMA) 
being set. 

Main memory ccrrectabie errors indicated by MEMCSR16<29> being 
set. 

Main l!lemory uncorrectable errors indicated by MEMCSR16<31> and 
DSER<4> conly on DMA) being set. 

These errors cause either a machine check exception, a memory error 
interrupt, or a corrected read data interrupt, depending on the severity of 
the en·or and the reference type that caused the en·or. 

3.1.5.6 Hardware Halt Procedure 
The hardware halt procedure is the mechanism by which the hardware 
assists the fh'mware in emw,ating a processor halt. The hardware halt 
procedure saves the current value of the PC in IPR 42 (SAVPC)t and 
the current value of the PSL, MAPEN<O>, and a halt code in IPR.43 
( SAVF"SL). The current stack pointer is saved in the appropriate internal 
register. The PSL is set to 041F 0000 16 (IPL=lFt supervisor mode, using 
the interrupt stack) and the current stack pointer is loaded from the 
inten4 upt stack pointer. Control is then passed to the resident firmware 
·at physical address 2004 0000 16 with the state of the CPU as follows: 

SA\'PC 
SAVPSL<31:16,7:0> 
SAVPSLc15> 
SAV})SL< 14> 
SA\rpSL< 13 :8> 

New Content. 

Saved PC 
Saved PSL<31;16.7:0> 
SavEd MAPEN<O> 
Vahd PSL flag {unknown for halt code of 3) 
Saved restart code 
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Regiater 

SP 
PSL 
PC 
MAPEN 
ices 
MSER 
CADR 
SISR 
ASTLVL 
All eJse 

New Content. 

Current int~n'upt ntack 
041F 0000 16 

2004 0000 16 

o 
o (for a halt code of 3) 
o (for a halt code of 3) 
o (for a halt code ors" first-level ~ache is also flushed> 
o (for a halt code of S) 
o (for a halt code of 3) 
Undefined 

1'he finnware uses the halt code in combination with any hardy.·s.re event 
indicators to dispatch the execution or interrupt that caused the halt 
to the appropriate finnware routine (either console emulation, power .. 
up. reboot) or restart>. 'rable 3-7 and Table 3-8 list the interrupts and 
exceptions that can cause halts along with their corresponding halt codee 
and event indicators. 

Table 3-7 Unmftskable Interrupts that can Cause a Halt 

lialt 
Code 

2 

3 

Interrupt Condition 

E~rnal Halt (CVAX HALTIN pin 
ft83erted) 
BHALT asserted on the Q22·bu8. 
BneOK negated and asserted on the 
Q22 .. bus while BPOK stays asserted 
(Q22.bus REBOOT 
!RESTART) and SCR<7> is set. 
BREAK generated by the console. 

Hardware Reset (CVAX RESET pin 
negated) 
BDCOK andBPOK negated then 
asserted on the Q22 .. bu8 (power-up) 
BDCOl'~ negatad and asset"'ted on the 
Q22 .. bus while- BPOK stays asserted 
(Q22.buf) REBOOT 
/RESTART) and SCR<7> if.- clear. 

Event Indicators 

DSER<15> 
DSER<14> 

RXDB<:ll> 



Table 3-8 exceptions that can Cause a Halt 

Halt 
Code 

6 

Exceptiob Condition 

Halt instruction execv"~d in kernel mode. 

Exception. While Se .. , .. iciq an IntelYUpt or Exception 

4 Interrupt stack not ,"aUd during exception. 
S Machi ne check during-nonnal exception. 
7 SCB vecror bits<l:O> = 11. 
S SCB vector bits<1:0> = 10. 
A CHMx executed while on interrupt stack. 
B CHMx executed to the interrupt stack. 
10 ACV or TNV during machine check exception. 
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11 ACV or TNV dUring kernel stack not "'alid exception. 
12 Machine check during machine check exception. 
13 Machine check during k~rnel stack not valid exception. 
19 PSL<26:24> = 101 during intelTUpt or exception. 
IA PSL<26:24> = 110 during interrupt or exception. 
IB PSL<26:24> = 111 during interrupt or exception. 
10 PSL<26:24> = 101 during REI. 
IE PSL<26:24> = 110 during REI. 
IF PSL<:26:24> = 111 during REI. 

3.1.6 System Identification 
The system identification register (SID), IPR 62, is a read·only register 
implemented, as specified in the VAX' Architecture Reference Manual, in ~ 
the CVAX chip. This 32 .. bit, read-only register is used to identify the 
processor type and its microcode revision level (Figure 3-6). 

31 24;>3 870 

TYPE RESERVED I MICROCODE REV I 
MA .I01Il' 

rlgure 3-6 System Identification Register 
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D.ta Bit 

<31:24> 

<23:8> 

<7:0> 

DefbUtioll 

Procelsor type (TYPE). This field always reads as 10 1e>. 
indicating that the processor is implemented using the 
CVAXchip. 

Reserved for future use. 

Microcode revision (MICROCODE REV.). This field reflects 
the microcode revision level of the C'\~ chip. 

In order to distinguish between different CPU inlplementations that 
use the same CPU chip, the KA655, as must all VAX processors that 
use the CVAX chip, iraplements a MicroVAX system type regiswr (SYS_ 
TYPE) at physical address 2004 0004 16. This 32·bit l"ead·only register is 
implemented in the KA655 ROM. The format of this register is shown in 
Figure 3-7. 

. . 
[ svs _ TVPE R£\' lEVEL 1 SYS-SUB r"tPE I R~SERVEO 

Figure 3-7 System Type Register 

Data Bit . Defb~,· .ion 
-------------------- ----------------------------------------
<31:24> 8yate., o;o.;pe oode (SYS_TYPE). Thisl field reads as 0116 fOT 

<23:16> 

<15:8> 

all single"proces8or Q22.bus based systems. 

Revision level (REV LEVEL). This field reflects the re\1sion 
level of the KA655 firmwa~. 

System SUbtype code (SYS_SUB_T\'PE). This field reads as 
03 16 for the KA655. . 

Reserved for future use. 
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3.1.7 CPU Ref.rences 
All references by the CPU can be classified into one of three groups: 

• Request instruction-stream read references 

• Demand data-stream read references 

• Write references 

3.1.7.1 Inatruction<?Stream Read References 
The CPU has an instruction prefereher with a 12·byte (3 longword) 
instruction prefetch queue (IPQ) for prefetching program instructions 
from either cache or main memory. Whenever there is an smpty 
longword in the IPQ, and the pretetcher is not halted due to an en-or, the 
instruction prefetcher generates an aligned longword, request instruction­
gtream (I-stream) read reference. 

3.1.7.2 Olta·Strelm Re.d Ref.rencea 
Whenever data is iommediately needed by the CPU to continue processing. 
a demand data .. stream CD-stream) read reference is generated. More 
specifically, demand D·stream references are generated on operand, page 
table entry (PTE). system control block (SOB), and process control block 
(PCB) references. 

When interlocked instructions, such as branch on hit set and set 
interlock (BBSSI) are executed, a demand D·stream read-leek reference 
is generated. Since the CPU does not impose any restrictions on data 
alignlnent (other than the aligned operandtJ of the ADAVlI ar.d interlocked 
queue instructions) ar,d since memory can only be accessed one aligned 
longword at a time, an data read references are translated into an 
appropriate combination of masked and unmasked, aligned longword 
read references. 

If the required data is a byte. a word within a longword, or an aligned 
longword, then &. single, aligned longword, demand D·stream. read 
reference is generated. If the required data is a word that crosses a 
longword boundary, or an unaligned longword, then two successive aligned 
longword demand D·stream read referenc:es are·generated. Data larger 
than a longword is divided into a n\Ul1ber of successive aligned longword 
demand D .. stream reads,.with no optimization. 
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3.1.7.3 Write Ref.rences 
Whenever data is stored or moved. a y.Tite reference is generated. Since 
the CPU does not impose any restrictions on data alignment <other than 
the aligned operands of the ~IDAWI and interlocked queue instructions) 
and since memory can only be accessed one aligned Iongword at a timet 
all data write references are transiated. into an appropriate combination 
of masked and unmasked aligned longword write references. 

If the required data is a byte, a word v,ithin a longword, or an aligned 
longword, then a single, aligned longwordJ writs reference is generated. 
If the required data is a word that crosses a longword boundary, or 
an unaligned longword, then two successive aligned longword write 
refet'ences are generated. Data larger than a longword is divided into a 
number of successive aligned lopgword writes. 

3.2 Floating-Point Accelerator" 
The KA655 floating-point accelerat.or is implemented through a single 
VLSI chip called the CFPA. 

3.2.1 Floating-Point Accel.,:ator Instructions 
The KA655 floating-point accelerator processes F _floating. D_floating, and 
G_floating fonnat instruct.ions and accelerate the execution of ~!ULL, 
DIVL. and EMLTI .. integer i~structions. 

3.2.2 Floating-Point Accelerator Data Types 
The KA655 floating"'point accelerator supports byte. word. longwot'd, 
quadword. F _floating, D_floating, and G_floating data types. The H_ 
floating data type is not supported. but may be implemented by macrocooe 
emulation1 
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3.3 Cache Memory 
'lb maximize CPU performance, the KA655 incorporates a two-level cache 
design. The first-level cache i~ implemented within the CVAX chip. The 
second-lev~l cache is implemented using 16K by 4·bit static RAMs. 

3.3.1 each.able References 
Any reference that can be stored by the first-level cache is called a 
cacheable reference. The first-level cache stores CPU read references to 
the VAX memory space (bit <29> of the physical address equals 0) only. 
It does not store references to the VAX 1/0 space, or DMA references by 
the Q22 .. bus interface. rrhe type(s) of CPU references that can be stored 
(either request instruction stream (I·stream) read references .. or demand 
data stream (O .. stream) read references other than read·look Teferences) is 
determined by the state of cache disable register (eADR) bit~ <5:4>. 'l'he 
nonnat operating mode is for both I-stream and D·stream references to be 
stored. 

Whenever the CPU generates a noncacheable reference. a single longword 
reference of the same type is generated on the CDAL bus. 

Whenever the CPU generates a cacheable reference stored in the first .. 
level cache. no reference is generated on the CDAL bus. 

Whenever the CPU generates a cacheable reference not stored in the 
first-level cache. a quadword transfer is generated on the COAL bus. If 
the CPU reference is a request I-stream read, then the quadworo transfer 
consists of two indivisible longword transfers. the first being a request 
I-stream read (prefeteh), and the second being 1\ request I-stream read 
(fill). If the CPlT reference is a demand D-stream read, then the quadword 
transfer consists of two indivisible longword transfers. the first being a 
demand D·stream read. and the second being a request D-stream read 
(fill ). 

The second-level cache only stores references on the CDAL bus that are 
part of a quad word transfer. Since quadword transfers on the CDAL bus 
can only be generated on cacheable references~ the second-level tache is 
automatically configured to store the same typets) of references as the 
first .. level cache. 
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3.3.2 First .. Level ClChe 
The t~655 includes a 1 Kbyte, two·way associative. write through first· 
level cache with a 60 ns cycle time. CPU read references access one 
longword at a timet while CPU writes can access one byte at a time. 
A single parity bit is generated. stored, and cheeked for each byte of 
data and each tag. The first-level cache can be enabled/disabled by 
setting/clearing the appropriate bits in theCADR. 'The first .. level cache is 
flushed ~y any write to the CADR. as long as it is not in diagnostic mode. 

3.3.2.1 Firat-Level CleM Organization 
The first-level cache is divided into two independent storage· arrays called 
set 1 and set 2. Each set contains a 64 row by 22·bit tag array and a 
64 row by 72·bit data array. The two sets are organized as shown in 
Figure 3-8. 

l 

It'; t • /.' h4 " .. I: tf. 1 
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Figure 3-8 Flrlt·Level C.che Orglntzltion 
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A TOW within a set corresponds to a cache entry, so there are 64 entries 
1n each set and a total of 128 entries in the entire cacl.e. Each entry 
contains a 22 .. bit tag block and a 72·bit (eight-byte l data block. A cache 
ent~y is organized as shown in Figure 3-9. 

93 7'} 11 

[ TAG at OC-K OATA SlOCK 

A tag bluck consists of a parity bit~ a valid bit. and a 20 .. bit tag. A tag 
blCK~k is organiz(.~ as shown in Figure 3-10. 

T~\G 

I' ""11 ~ IJ II 
",.'\l tU 81 T 

A datu block cunsists of eight bytes of data. each with an associated parity 
bIt. fnlt' total data capacity of the cache is 128 eight-byte blocks, or 1024 
byU:'s. A data· bl~kis organized as shown in Figure 3-11. 

ft] !Ir ~I~. 4l-i 4J 4(1 J~. 3~ .. . .... "t '. r; 

Ip( I·· ! I Pt I pi I i 

~ P ~ Ip ; I r: I g' ur. R'-l El.\ 1 ~; 83 8.:' Bt 80 
~ I 1 

~ .. () 

---- Pl\fU Tit £\1 T5 

.. ~ ........ '" 

F5QUfe 3-11 Flrst·LeYGI cache Data Block 
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3.3.2.2 Flrat·LAvol cache Add,... Tranll.tlon 
Whenever the CPt: requires an instruction or data. the contents of the 
first· level ca~he is checked to determine if the referenced location is stored 
there. The cache contents is checked by translating the physical address 
as fOl1"lWS: 

• On noncacheable references. the referenoo is n~\'er stored in thf..· cache, 
s<a a first-level cache miss occurs and a single longword referen·ce is 
generated ()n the CDAL bUb. 

• On cacheable references, the physiool address must be translated 
t(l! determine if t.he contents of the referenced location is r~sident In 
th~ cache. The cache index field. hits <8:3> (If the physical address. 
is used to select one of the 64 )"O\\'S of the cache. with each row 
containing a single entry from each set. The cache tag field, hits 
<:28:9> of the physical address, is then compared to the tag block of 
the entr;)' fr()m both sets in the selected row. 

If a match O\.-curs with the tag block of one of the set entries. and the 
valid hit v.ithin the entry is set. the contents of the referenced location 
is c()nt~l1ned in the cache and a cache hit occurs. On a cache hit. the set 
match signals geneswdted by the compare operation select the data block 
from the appropriate set. The cache displacement field, hits <2:0> of the 
physical address, is used to select the byte(s) within the block. No CDAL 
bus transfers are initiated on CPt: !"eferences that hit the first .. level cache. 

If no match occurs, then the contents of the referenced location is not 
contained in the cache and a cache miss occurs. In this case. the 
data must be obtained from either the second-level cache, or the main 
memory controller. so a quadword transfer is initiated on the CDAL bus 
~Figul"e 3-12~ .. 
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Figure 3-12 Flrat-Le'\IOt cache Addreas Translation 

3.3.2t3 Flrst-La\!.' C.che Dal4 Block Aliocatlon 
Cacheable references that miss the first·level cache, cause a quadword 
read to be initiated on the CDAL bus. When the requested quadword is 
supplied by either the second-level cache or the main memory controller, 
the requested longword is passed on.to the CPU, and a data block is 
allocated in the cache t.o store the entire quadword. 
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Due to the fact that the cache is two-way associativet there al'e only two 
data blocks (one in each set) that can be allocated to a given quadword . 

. These two data blooks are detennined by the cache index field of the 
address of the quadwordtwhich selects a unique row within the ca~he. 
Selection {)f a data block within the ro\V (for example. set selection) for 
storing the new entry is -random. 

Since the KA655 supports 64 Mbytes (8M quadwords) of physical memory't 
up to 128K quadwords share each row {two data blocKsl of the cac'he. 
Contiguous programs larger than 512 bytes or any noncontiguous 
prugrams separated by.512 bytes have a 50 percent chan.ce ofovor'",riting 
themselves when cache data blocks are allocated for the first time fer­
data separa~~ hy 512 bytes (one paget After six allocations. there is a 91 
percent probability both sets in a row will be filled. 

3.3,2'.4 F'rst-Levet Cache Behavior on Writ •• 
()n (;}>t: generated write refere'nces. the first-level cache is write through. 
All CPl" write referenc·es that hit the first .. level cache cause the contents 
of the referenced tocation in main mernory to be updated as wen as the 
copy in the cache. 

()n DMA write references that hit the first-level cache. the cache entry 
containing the copy of the referenced location is invalidated. If the first­
level CaChf! is configured to store Dnly l·st.ream reference,s, then the entire 
fir~t·level cache is also flushed whenever an REI instruc:tion '8 executed. 
(The VAX architecture requires that an REI instructio,n be execut.ed before 
executing instructions out of a page ofmemor)' that has been upd,ated.) 

3 .. 3.2.5 C.CM Diuble Regl.i.r 
The cache disable register (CADR}, IPR 37, controls the first .. level cache, 
and is unique to CP'U designs that use the evAX chip (Figure 3-13). 

[ o 

Figure 3-13 Cache Disable Register 
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<31:8> 

<7:6> 

<5:4> 

<4> 

NOTE 
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De6.nitioll 

Unuled. Always read as Zt~ros. Writeg have no effect. 

These bits are used to8ell':tively enable or disable f!ach set 
within the cache. 

S2E. Readtwrite. When set. set 2 of the cache is enabled. 
When cleared. set 2 of'the cache is disabled. Cleared on 
power .. up and by the negation of DCOK when the proces8o.r 
is hal~d. 

SIE. Read/write. 'A'hen set. set 1 of t.he ctAche is enabled. 
\\'hen cleared, let 1 of the cache is disabled. Cleared on 
power-up and by the negation of DCOK when the pro<:es8or 
is halted. 

These bits are used to selectively enable or disable storing 
l .... tream and D·stream references itt the cache. 

ISE. Read/write. When set. l.~tream. memory space 
references are 8wred in both the firat and second-Ievt'! 
caches~ if they are enabled. When cleared. I .. stl"eam memory 
references are not stored in either cache. Cleared on power­
up and by the negation of DCOK when the proce9~or is 
halted. 

DSE. Reed/write. When set. D-stream, memory space 
references are stored in both the first and aecond .. level 
caches. if they are enabled. When cleared. D·stream 
memory references are not stored in either cache. Cleared 
on power-up and by the negation of ncOK when the 
processor is halted. 

The fiirst·level cache can be disabled by eitller disabling both set 1 
and Bet 2 (clearing CADRc'1:6». or by not storing either I·stream 
or D·atream references (clearing CADR<5:4». 

For maximum perfonnancet the cache should he cOl1figured to store both I 
and D·stream -references. I .. stream only mode suffers from a degradation 
in performance from what would nonnally be expected re1ative to I and 
D-stream mode and D·stream only mode, due to the fact that invalidation 
of cache entries due to writes to memory by a DM.~ de\.rlce are bandied 
less efficiently. 
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In I·stream only mode~ the entire first-level cache is tluahed whenever an 
REI instruction is executed. The VAX Architecture Reference Manual 
states that an REI instruction must be executed before executing 
instructions out of a page of memory that hus been updated. whereas 
in the other two modes of operation, cache entries are invalidated on an 
individual basis, only if a DMA write operation results in a cache hit .. 

Data Bit Definition 

Unu8ed. Always read as Is. 

\Vrite wrong parity (\\,"'p). Read/write. When set. in<:orrect. 
parit.y is stored in the first-level cache \I,'henever it is 
written. When cleared. correct parit)· is stored in the cache 
whenever the cache is written. CleRred on power-up and by 
the negation of DCOK when the processor is halted. 

Diagno~tic mode CDLA). Readlwrite. When cleared. the cache 
is in normal operating mode and writes to the CADR cause 
thp first-Ie·vel cachp to be flushed. (all valid bits set to the 
invalid stare) and thf» first-level cache 1:S configured for 
write-through operation. \Vhen set" the first-level cache is 
in diagnostic mode and writes to the CADR will not cause 
the first-level cache to be flushed. 

CPU write references with a longword destination (fbr example, MOVL) 
write the data into main memory (if it exist.s) as well as invalidate 
t.he corresponding cache entry irrespective of whether or not a cache hit 
occurred. cptr write references with a quadword destination (for example, 
MOVQ) write t.he data int.o main men10ry (ifit exists) as v1ell as cause the 
s(lccnd longword tlf th~ quad word to he written into the longword of the 
cachlfA dare anay that corresponds to the address of the first longword of 
the destination,. irrespective of whether or not acach,e hit occurred. 

The data in the longword of the cache data array that corresponds to the 
address of the second longword of the destination remains·unaltered. In 
addition. errors generated durin.g ~'rite references~ that would nonnal1y 
caus'e a machine check, are ignored (they do not cause a machine check 
trap to be generated. or prevent data from being stored in the cache). 

Diagnostic rn'ode is intended to allow the fi!·st-level cache tag store to 
be fuB)' tested without requiring 512 Mb)-tes of main memory. This 
tnode makes it possible for the tag block in a particular cache ent\~' to 
be written with any pattern by execllting a ~,'10VQ instruction with bits 
<28:9> of the destination address equal to the desired pattern. 
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Two MOVQ instructions, one with a quadword aligned destination address 
and one with the next longword aligned destination address, are required 
to write to both longwords in the data block of a cache entry. Diagnostic 
mode does not affect read references. Cleared on power-up and by the 
negation of DCOK when the processor is halted. 

NOTE 
At least one read reference must occur between all write 
refererlces maci~e in diagnostic modea Diagnostic mode should 
only be selected when one and only one or the two sets are 
enabled. Operation or this mode with both sets enabled or both 
sets disabled yields unpredictable results. 

3.3.246 Memory System Error Register 
The memory system error register CMSER), IPR 39, records the o~currence 
of first-level cache hits, as well as parity errors on the CDAL bus and in 
the first and second-level caches .. This register is unique to CPU designs 
that use the CVAX chip. MSER<6:4,1:0> are peculiar in the sense that 
they remain set untilexplicltly cleared. Each hit is set on the first 
occurrence of the error it logs, and remains set for subsequent occurrences 
of that error. The MSER is explicitly cleared through the MTPR MSER 
instruction irrespective of the write data (Figure 3-14) . 

. n 

Figure 3-14 Memory System Error Register 
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Data Bit 

<1> 

Definition 

Unused. p..lways read as. zero. \Vrites have no effect. 

Hit/miss (HM). Read Gnly. Writes have no effect. Cleared 
on all cacheable ret~ren,ce8 that hit the ii-rat-level cache. Set 
on all cacheable references that m,iS8 tlle first-level cache. 
Cleared on power .. up an': by the negation of DCOK when 
th,e processor halts. 

DAL parity error (OAL). Readlwriu. to clear. Set when!'" ler 
a CDAL bus or second·le-vel cachE- data store parity error 
is detected. Cleared on power-up and by thf-' negation of 
DeOK when the processor is halted. 

Machin~ check (MeD). DAL parity error. Read/write 'Co 
clear. Set whenever a machin~ check is cau!:Jed by a CDAL 
bus orsecond .. level cache data parity error. These etTors 
only generate machine checks on denland D·stream read 
references. Cleared .on pow,er-up and hy the negation of 
D'COK when the processor halts. 

Machine check (MCC). ·F'lrst·level cache parity error. 
Read/write- to clear. Set whenever a machine check is 
c'aused hy a fit'st-Ievel cache parity -error in the tag or 
data store. These errors only gene'rate machine checks on 
demand D·stream read l'efel"ences. Cleared on power .. up and 
by the negation of DCOK when the processor halts. 

Unused. Always read as zero. Writes have no effect. 

Data parity errQr (DAT). Readiwrite to. clear. Set wht!n a 
parity error is detected in the data stoTe of the first-level 
cache. Clea,red on power .. up and by the negation of DCOIC 
when the processor halts,. 

Tag parity error <TAG). R~adlwrite to clear. Set when a 
parit)· error is detected in the tag store of the first-level 
cache. Clea~ed on power .. up and by the negation of DCOK 
when the processor halts. 
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3.3.2.7 First-Lev.1 Cache Error De1ectlon 
Both t.he tag and data alTays in the first-level cache are protected by 
parity. Each 8·bit byte of data and the 20·bit tag is stored with an 
associated parity bit. The valid bit in the tag is not covered by parity. 
Odd data bytes are stored with odd parity and even data bytes are stored 
with even parity. The tag is stored with odd parity. 

The stored parity is valid only when the valid bit associated with the 
first-level cache entry is set. Tag and data parity (on the entire longwom) 
are checked on read references that hit the first-level cache, while only 
tag parity is checked on CPU and DMA write references that hit the 
first·level cache .. 

The action taken following the detection of a fin;t-level cache parity error 
depends on the reference type: 

• During a demand D·strea\n read reference, the entire first-level cache 
is flushed, the CADR' is cleared (which disables the first level cache 
and prevents the second-level cache from further allocation). The 
cause of the error is logged in MSER<4,3:0> and a machine check 
abort is initiated. 

• During a request I·stream read reference, the entire first-level cache 
is flushed fun16ss CADR<O> is set), the cause of the error is logged 
in MSER<1:0>. the prefetch is halted. but no machine check abort 
occurs, and both caches remain enabled. 

• During a masked or unmasked write reference, the entire first-level 
cache is flushed (unless CADR<O> is set), the cause of the error is 
logged in MSER<O> (only tag parity is checked on CPU writes that 
hit the first-level cache), there is no effect. on CPU execution, and both 
caches remain enabled. 

• During a DMA write reference the cause of the error is logged in 
MSER<O> (only tag parity is checked on DMA writes that hit the 
first·level cache), there is no effect on CPU execution. both caches 
remain enabled, and no invalidate operation occurs. 

3.3.3 Second-Level Cache 
The KA655 also includes a 64 Kbyte. direct mapped, write through. 
second·level cache with a 120 ns cycle time for longward transfers and 
180 ns cycle time for quad word transfers. CPU read references access one 
longword at a time. Cacheable references that miss the first· level cache 
can access up to one quadword, at a time, while CPU writes cart access a 
single byte at a time. 
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A single parity hit is generated, stored and checked for each tag. The 
cache does not generate or check parity on each data byte. The parity bits 
stored with each data byte are taken from the COAL parity lines when a 
data block is written or allocated. 

On second-level cache hits, these parity bits are placed back on the CDAL 
parity lines, 90 that parity checking on the data bytes is perfonned by the 
CVAX chip. This makes second-level cache data parity errors appear as 
CDAL bus parity errors. 

The second-level cache can he enabled/disabled by setting/clearing the 
appropriate bit in the CACR. The second·level cache can be flushed by 
writing any value to each ent~ in the cache diagnostic space. as long as 
it is not in diagnostic mode. 

3.3.3.1 Second-Level Clche Organization 
The second-level cache, being direct mapped, consists of a single storage 
array called set 1. This array contains a 8K row by 12 .. bit tag array and a 
8K row by 72·bit data array (Figure 3-15}. 

8KBVTf f 
ROWS l 

SEll 

8K tty ISKhV 72 BIT 
12 BIT DATA A.RRAY 
TAG 
ARRAY 

) 
83 72 71 

~ CACHE ENTR" 

.... '\ ", J 8' 

Figure 3-15 Second-Leve. Cache Orglnlzation 
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A row within the eet correaponds to a single cache entry. so there are 8K 
entries in the entire cache. Each entry contains a 12 .. bit tag block nnd 
a 72·bit (eight·byte) data block. A cache entry is organized as shown in 
Figure 3-16. 

83. 12'11 o 
DATA BLOCK 

Figure 3-16 s.cond-1AveI Cache Entry 

A tag block consists of a parity bit. a valid hit. and a lO·bit tag~ A tag 
block is organized as shown in Figure 3-17. 

o 

PARITYBIT~~P~vj~~~~~~~~~~~~~ ~~ TAG ':= 
VALID SIT 

Figure 3-17 s.cond-Level cache Tag Block 

A data block consists of eight bytes of data .. each with an associated parity 
bit. The total data capacity of the cache is 8K eight-byte blocks. or 64 
Kbytes. A data block is organized as shown in Figure 3-1S. 

4-- DATA BITS 

4-- PARIT't BITS 

F6gu,. 3-18 Second-Level cache Data Block-
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3.3.3.2 s.c,ond-L.e".1 c.che Addr ... Tr.n_tion 
Whenever a CPU reference that can be Atored in the first-level cache 
causes a miss of the first· level cache, a quadword transfer is initiated on 
the CDAL bus and the second·level cache is checked to detennine if the 
contents of the location( s) being addressed is stored there. The cache is 
checked by translaf.ing the address as follows: ' 

• On noncacheable referencEs. the reference is never stored in the cache, 
so a second-level cache miss occurs, the m!tin memory cycle is allowed 
to complete and the data is provided by the main memory controller. 

• On cacheable references. the physical address must be translated 
to detennine if the contents of th~ referenced location(s) is resident 
in the cache. In this case, the cache index field. bits <15:3> of the 
physical address. is used to select one of the 8K entries (rows) in the 
set. The cache tag field, bits <28:16> of the physical address. is then 
compared to the tag block of the selected entry. Bits <28:26> of this 
field must be zero since the second·lev~l :J'.lche is designed to support 
a maximum or64 Mbytes of main memory. 

If a match occurs with the tag block of the entry. find the valid bit within­
the entry is set. then the contents of the location is contained in the cache 
and a second-level cache hit occurs. The cache displacement field. bits 
<2:0> of the physical address. is used to select the longword within the 
block. Bits <1:0> of this field are ignored since the byte mask signals 
are used to selact the de siTed bytels) within a longword. Main memory 
cycles are initiated on all CDAL bus cycles, but they are aborted before 
completion on second-level cache hi1..6. 

If there is no match. then the contents of the location is not cont~ned 
in the second-level cache. a cache miss ~)CCurs,. the main memory cycle 
is allowed to complete, and the data is provided by the main memor;l 
controller (Figure 3-19). 
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CACHEINO£X 

CACHE DISPLA!:EME~T 
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SfT t MATCH' 

DATA 

Figure 3-11 &;cond-Level cache Add ..... · Tranl'ltlon 

3.3.3c3 Second·Level cache Data Block Allocation 

'1. •• '1. , ", 3' 

On cacheable references that miss the first-level cache~ a quadword read 
is initiated on the CDAL bU8~ If the requested quadword cannot be found 
in the second-level cache, it is provided by the main memory controller. 
Both caches allocate a data block for storing the entire quadword. and the 
requested lODg¥Jord is passed on to the CPU. 

Because the second-level cache is direct mapped~ there is one and only one 
data block in the cache that can be allocated to a given quadword. This 
data block is detennined by the cathe index field of the physical address 
of the quadword. which selects a unique row (data block) within the cache. 
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Since the KA655 supports 64 Mbytes (8M quadwords) of pllysical memory. 
up to lK quadwords share each data block (row) of the cache. Contiguous 
programs larger than 64 Kbytes.or noncontiguous programs separated by 
64 Kbytes overwrite themselves in the cache when cache data blocks are 
allocated for memory references separated by 64 Kbytes. 

3.3.3.4 SKonci-Level cache Behavior on WrttM· 
On CPU·generated write references, the second-level cache is write 
through. All CPU write references that hit the second· level cache cause 
the contents of the referenced lacation in main memory to be updated ss 
well as "the copy in the cache. 

On DMA write references that hit the cache. the cache entry containing 
the copy of the referenced location is invalidated. 

3.3.3.5 Cache Controi Regla.r 
The cache control register (CACR', address 2008 4000 l61 controls the 
second-level cache and is unique to the KA655. Only the low byte of this 
register should be written (Figure 3-20). 

3t 

l 
1 

UNOEFINEtl :" -

rAC'HE" (\'AG"lOSTtC FIELD I 
.---- -.. .-- --- .------- .~ .. --------------.--""'--L--r-'-

t'I" 

FIgure 3-20 . Cache Control Register 
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De6aitiOD 

U ndttfined. Undefined on reads. Write" have no et1'ect. 

Cach~ diagnC'Jltic field. Read only- Bits <27:24> are read· 
only bita th¥6t display the .taw cfthe data parity bits in the 
.ec'!ond level cache datil Itore at the addresa at WhlCh the 
CACR 18 ft'ad. Thiv feature al1ow~ diagnostic software to 
di~4!tly l"e/.\d th& .tate of the parity bitl. When CACR<5> 
itt clear. C.ACR<23:8> dhcpla)· the 8tat~ of 8everal internal 
nodes of t.hl' Mecond·l~vel cache tag ~tot~ for diagnostic 
pUrpolell~ theMe bits are Ittictly a fllnctionof tht- tag store 
RAM COfltenta and th~ ad~I'eR8 at which t~~ CACR itc read. 

\\"en CACR<5> (ePE, i.Met. thE- Ktat.e of bits CACR<23:8> i. 
lauhttd. thUK capttu"ing the I&ta~ of the.- tag store at the time 
Ii tag flarity error is deU:4cted. Nou that only CACR<23:8> 
aT~ laf;ched. Any tlOftware that check .. thell~ bits must either 
underMtand this latching function. or first ~ sure- CACR<S> 
i .. cleared. 

('v.~X c~clt' "peed (esP) Read on!y. Writes have no effect. 
ThetW hita art' Utled to indicaw the ~peed of the CVAX chip 
ht-ing u..-d. Thit) field will het'ead aa 01 for th~ KA655. 
In(&ic~tlng a cycle- _peed of 60 nil. 

CJlthe- pant)· en-or (CPE). Readlwrite to clear. This bit lIC Nt 
¥lhen~\'er a cacM Utg parity ~mlT is detected. When this 
bit l~ MIt. it latche. biu <23:8> c.f the each" diagnostic field. 
Clt-i\Tad by writing a 1. on JXlwer·up and- the negation of 
l)('OK wlwn th~ pr<~e"vor u; hal~. 

Cacht' enallle (CENi. R~ad!write When cleared. aU 
referf.ncell misti the cache except tho~ to the cache diagnoltic 
¥pilce and the allocatlon of cach~ blOCKS is pNvente<i. \V'hen· 
let, tht' configuration of tht- fil1lt .. l~\'el cach~ determines 
which types of references ~re ItorEd. CACR<O> and 
CACR<5~ mUMt lIE' c1ear6d hefon-- this bit can he set. Cleared 
on power .. up and th~ negation of DeOK ",-hen the procellOT 
11 halted. 

NOTE 
wa .. ever the MeeoJlG·level c.che w cI_hled. it .boulct 
be tluahed lMIore ......... bliuc to ell_roe data that •• y 
bve 1MJeC*l •• tale". while th~ cacbe w .. .u..blecl. ia DOt 
.tiliaM. 
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1M*- Bit. 

<2> 

UnuMtCl. Alway. Had •• ,ero. fttuat he written ." zero· 

Di ... bl .. data ston- parity (DOSP). CACR<2> ia a l" ... d·write 
bit uN<l to cii .. bl. parity ehtt(king of thea MeOnd l.vel ache 
data .toft. When CACR<2> is el .. 1" •• data ltor. p.rity 
1. ch.cked by thf' CVAX on read cyclH. \\'1u~n CACR<2> 
i5 Nt. th~ evAX d<r.tl nat ~heck data .tore parity. This 
f'eatur ... now. diagnoetic .oft.ware- to diMtinguilh betwHn 
li«ond·level tac:h~ data pant)' el'TOr~ and CDAL buI' parit)' 
etTOTa. 

Wriu W1"ung parity <WWP,. Reacilwrite. "''hen lIet. th~ tag 
parit,,· bit •• tored In th. tag block ar. inconect (inverted). 
and the- data parity bita atored in the data block are forced 
to all o.._~hen.ver the cache data block ia wri~~~. When 
cleared~ correct parity i •• to.-..d in both the tag block and the 
data blbCK when.v.r the cach~ i, written. Tag parity enol'S 
fOl'Ctt • MCond·le\'el ca~he mil'. 10 thtt alche h •• to he read 
through th.- tag diagnOQtic apace to ch¥ck that. parity wa. 
lncurrectly written. Cleared on power-up and the negation of 
DCOK when th. proc:el"lor i. halted. 

DiagnoMtic mode DIA. Re.dlwrite. \\fJten Nt. the .econd-level 
cache- iii dhlahled, and write .. to the cache diagr:&o.tic apace 
tI~ tht.' "aUd bit for th~ entry that il written a. well ... load 
th~ tag field of the pnYllical addre.t into the tag block or th. 
cOlTet&ponding aecond·lt'vel cach~ entl')-. This mode allow" tM 
It'tCond .. level cache tag block to be fully teawd. When cleared. 
CACRc:4> detennin.,. if the cacM ifJ enahl.d. and write, to 
the cach~ dlagnolltic .pace cleat' the valid hit for the- entry 
that ill y.Titten. Thi~ mod .. allows the .econd-level cache to he 
fl u,,}wd by writing any value to each entt"y through the cache 
diMgno.tic lpace. Cleared on power-up and the nt!gation of 
OCOK when theo proc~.aor is halted. . 

3.3.3.6 second-Lewl cache Error Detection 
Both the tag and data arrays in the second-level cache are protected by 
parity. Each 8·bit byte of cache data and the lO .. bittag is stored with an 
associated parity hit. Odd data bytes are ·storoo with odd parity and··even 
data byW8 are stored with even parity. The tag is stored with odd parity. 
1'he stored parity is always. valid regardless ot'the state of the valid bit. 
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Tag parity is checked by the second-level cache logic on CPU read. CPU 
write and DMA write references. Tag parity is generated by the second· 
level cache logic during the allocation of a cache block. 

Data parity is checked on a byte basis by the CVAX chip for CPU read 
references that bit the cache. Data parity is taken directly from the 
COAL bus parit.y lines on CPU write operations that hit the cache and 
during the allocation of a cache block. 

Upon detecting second-level cache tag parity errors the entire second-level 
cache is disabled (CACR<4> is cleared), CACR<5> (second-level cac:he 
parity error) is set. and an interrupt at IPL lA through vector 54 16 is 
generated. 

The action taken following the detection of a second-level cache data 
parity error is identical to that for CDAL bus parity errors and depends 
on the reference type: 

• During a demand D-stream reference, the first-level cache entry is 
invalidated, the cause of t}o.e error is logged in MSER<6:5> and a 
machine check abort is initiated and the bad data in the second-level 
cache remains unaltered. 

• During a request I"stream reference (pretetch), the row containing 
the first· level cache entry is invalidated~ the prefetch operation is 
aborted. the cause of the error is logged in MSER<6>, but no machine 
check is generated and the bud data in tne second-level ~che remains 
unaltered. 

• During a request D"stream or I -stream reference (fill), the first .. 
level cache entry is invalidated. the first-level cache fiU operation is 
aborted. the cause of the error is logged in MSER<6>t but no machine 
check is generated and the bad data in the seoond-level cache remains 
unaltered. 

3,3.3.7 _ond-lAvel cache •• Fa.t L\1emory 
1'he second·level tache can be acces~cd as part of main memory for 
diagnostic purposes as welt as for fast execution of bootstrap or self-test 
code. One thousand and twenty four copies of the second-level cache 
data array appear starting at the fil"St address in the upper half of VAX 
memory space (physical addresses 1000 0000 16 to 13FF FFFF 16). This . 
area is called the cache diagnostic space.. Read or write references to this 
address range access the second·level cache as hlghspeed (120 ns) RAr,,!. 
Read references will not affect the existing tag block for the accessed 
cache entry. 



When the diagnostic mode bit CACR<O>, is cleared t write references 
invalidate any cache entry that is accessed through the cache diagnostic 
space. This prevents stale data from accumulmting when the cache is used 
as high speed RAM. 

When th~ diagnostic mode bit is set, write references set the valid bit in 
the tag block and write the tag field of the physical address into the teg of 
any entry that is accessed through the cache diagnostic space. This allows 
any of the 1024 possible cache tag bit-patterns to he written into the tag 
block of any cache entry by writing to one of the 1024 copies of the cache 
entry. 

Data pality errors that occur while using the aet.'Ond ... level cache as high 
speed HAl! have the same effect as parity errors encountered during the 
normal operation of the cache. Tag parit.y is not checked on access to 
cache diagnostic space. 

NOTE 
To flush the eeeond~level cache. each cache entry muat be written 
throuch the cache dia,ptoltic space with the diapOitic mode bit 
cleared. 

3.4 Main Memory System 
The KA655 includes a main memory controller implemented by a single 
VLSI chip caned the CMCTL. The KA655 main memory controlier 
communicates with the MS650·BA nlemory boards over the ltfS650 
memory interconnect, which utilizes the CD inteTConnect for the address 
and control lines and a 50-pin, ribbon cable for the data lines .. It supports 
up to fOUl" MS650-BA memory boards, for a maximum of 64 Mbytes of 
ECCmemory. . 

The controller supports synchronous longword read references, and 
masked or unmasked synchronC4uD write references generated by the 
CPU. as well as synchronous quadword read references generated by 
cacheavle CPU references that miss the first-level cache .. Table 3-9 lists 
CPU read reference timing values. Table 3-10 lists CPU write reference 
timing values .. 

Read references are aborted by th.e second-level cache on serond-level 
cache hits, and by the Q22·bus interface if they are locked and the KA655 
is not the Q22-bus master. 



Tlble 3-9 CPU R.aci Reference 71ming 

nat. TYPe 
Longword 
Quadword 

First longword 
Second longword 

Aborted reference 
Longword (locked) 

Aborwd reference 
Retry (lookf!d) 

360 
540 

360 
180 

360 
180 minimum 

360 
420 

Table 3-10 CPU WrIte R.f .... nce Timing 

nata Type 

Lonb'Word 
LooEtWord (masked) 

Tim in .. (ns) 

120 
420 
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The controller also supports asynchronous longword and quadword DMA 
read t"eferences and masked and unmasked asynchl'onous longwordt 

qu&dword. hexword t and octaword DMA write references from the Q22 .. 
bus interfaCe. Table 3-11 lists Q22 .. bus interface read reference timing 
values. tfable 3-12 lists Q22 .. bus interface write reference timing values. 

T.ble 3-11 Q22 .. bus Interface Read Reference liming 
nata Type 

Longword 
Quadword 

Firat longwol'd 
~cond longword 

Longword (locked) 

540 
900 
.540 

360 
630 
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Teble 3--12 Q22 .. bualntertace Write ae:erence nming 
------------~--------------

Data Type- TimiJ1c (l1a) 

Longword 360 
Longword (masked) 630 
Quadword 630 

!c'irst longw(\rd 360 
Second longword 270 

Qundword (masked) lOBO 
First lonb'Word 360 
Second lOnhSWOi'd 720 

HE'xword 900 
First longv/ord 360 
Secund longword 270 
Third longword 270 

Hexword (masked) 1350 
Ftrst lont--"'Word 360 
St-cond lon~()rd 270 
Thlrd longword 720 

Octaword 1170 
rlTst lon~()rd 360 
Second longword 270 
Third longword 270 
Fourth lon~ord 270 

Octaward (masked) 1620 
First longword 360 
Sel'ond lon~ord 270 
Third lO!lb'Wom 270 
Fourth lon ... ~ord 720 



Architecture 3-55 

The timing in Table 3-12 assumes no exception conditions are 
encountered during the reference. Exception· -1itions add the following 
amount of time if they are encountered durir ~eference: 

11ata Type 

Correctable error 
U ncorrectable error 
Uncorreetable error 
CDAL parity error 
Refresh collision 

o 
120 read 
60wri~ 

60 write 
360 

The main memory controller contains 18 regist~rs. Sixteen registers are 
used to configure each of the 16 possible banks in main memory_ One 
register is used to control the operating mode of all memory banks and 
one register captures state on main memory errors. 

3.4.1 Main Memory Organization 
Main memory is logically and physically divided into four boards which 
correspond to thp four possible MS650·BA memory expansion modules 
that can be -attached to a KA655. Each board can contain zero (no 
tnemory module present). or four (MS650·BA present) memory banks. 
Each bank contains 1,048,576 (1M) aligned longwords (1M longworos 
equal 4 Mbytes). Each aligned longword is divided into four data bytes 
and is stored with seven ECC check bits, resulting in a memory array 
width of 39 bits. 

3.4.2 Main Memory Addressing 
The KA655 main memory controller is capable of cOntrolling up to 16 
banks of RAM, each bank containing 4 Mbytes of storage. 

A 4 Mbyte bank is accessed \vhen bit <29> of the physical address is 
equal to 0, indicating a VAX memory space readfwrite referenee.. Bits 
<28:26> of the physical address are equal to 0, indicating a reference 
within the range of the main memory controller, and the bank number of 
the bank matches bits <25:22> of the physical address. The remainder 
of the physical address (bits <21:2» is used toO detennine the row and 
column of the desired longword within the bank. The byte mask lines 
are ignored on read operations, but are used to select the proper byte(s) 
within a longword during masked longword write references. 
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The main memory contt'oller accesses main memo~ on read/write 
references in parallel with the address translation process in the second­
level cache. On CPU read J'eferences that hit the second·level cache, 
the memory controller reads the longword from main memory, but the 
operation is aborted before the data gets placed on the CDAL bus. 

3.4.3 Main Memory EJehavior on Writes 
On unmasked CPU write references, the main memory controller operates 
in dump and rUl mode, tenninating the CDAL bus transaction after 
latching the data, but before checking CDAL bus parity, calculating the 
ECC check bits. and transferring the data to main memory. This allows 
main memors to keep up ~.th the second-level cache \vithout impacting 
the CPU write perfonnance. 

On unmasked DMA write references by the Q22-bus interface: the data 
is latched; CDAL bus parity is not checked; the CDAL bus transaction is 
terminated; the ECC check bits are ca!culated; and the data is transferred 
to main memory. 

On single masked CPU or DMA write references: CDAL bus parity is 
checked (for CPU writes only); the referenced longword is read from 
main memory; the ECCcodes checked; the check bits are recalculated to 
account for the !lew data byte<s); the CDpJ., transaction is termina~d; 
and the longword is rewritten. 

On multiple transfer masked DM..~ writes, ea~h long\volvl write is 
acknowledged, then the CDAIJ transuction is tenni·~ated. 

3.4,,4 Main Memc..ry Error Status Register 
The main memory status register (MEMCSR16)t address 2008 0140 16f is 
used to capture main nlemory error data. This register is unique to CPU 
designs that use the CMCTL memory controller chip (Figure 3-21)~ 

PAGE ADDRESS OF ERROR 

O~AERROR 
---~ 

COAL BUS ERROR _ 
ECCERRORSYNOROME 

Figure 3-21 Format for MEMCSR16 



nata Bit 

<31> 

<28:9> 
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Defiaitioll 

RDS error. Readlwritt' to clear. When let, an un correctable 
ECC error occurs during a memory read or ma3ked write 
reference. Clea~ed by writing a 1 to it. \Vriting a 0 has no 
effect. Undefined i! MEMCSRl6<1> (CDAL bus error) is 
let. Cleared on p~l¥/~r .. up and the negation of DCOK when 
the proce.~r is ha~t~. 

RDS high error rate. Read/write to clear. \Vhen set, an 
uncorrectable ECC error occurs while the RDS entlr log 
r~u~lt bit is let, indicating mUltiple uncorrectahle memor)' 
enor., CleaTed hy writing a 1 to it Writing a 0 has no 
,tff~ct. Undefined if MEMCSRl6<7> (COAL bus error) is 
~n-t. Cleared on power· up and the negation of DCOK when 
thl;.' prO<.'elaar is halted. 

eRD error. lWadlwrite to clear. When let. a corr.ctable 
(lingle bit) error o<:cura during a memory read or masked 
write reference. Cleared by writing a 1 to it. Writing a 
o has no effect. Undefined ifMEMCSR16<7> (CDAL bUB 

error) i. set. Clt--ared by writing a 1. on power·up and the 
negation of DCOK when the procelliOf is halted. 

Page addrels of error. Read only. This field identifies the 
page (512 byW block> ~ontaining the location that cauaed 
the memo),)' elTOf. In the event of multiple memory enols, 
the types of errora are prioritized and the page address of 
the error with the highest priority is captured. Errors ~dth 
equal priority do not overwrite previous contents. Writes 
have no effect. Cleared on power4 up and the negation of 
DCOK when the proces8or i8 baIted. 

The types of error conditions follow in order of priority: 

• CDAL bus parity errors during a CPU write referenc~, 
as logged by the CDAL bus error bit. 

• Uncorrectabl~ ECC errOl'a during a CPU or DMA read 
or masked wri~ l"eference, as logged by the RDS error 
Jog bit. 

• Correctable ECC errors during a CPU or DV.A. read or 
ma»ked write reference, as logged by eRD error bit. 
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Data Bit De&aitioll 

DMA error. Read/write to clear. When let. an error occurs 
during. DMA read or write referen",- CI •• red by writing a 
1 to it. Writing. 0 hal no effeet. CIMred on power·up and 
th~ negation of DCOK when tM proce •• or ia halted. 

CDAL bus error. Re.d/write to cle.~ When let, a CDAL 
bUll parity error occur. on a CPU write referenee. Cleared 
by writing a 1 to it. Writing a 0 has no effect. Cleftred on 
power·uJ) and the negation of nCOK when the procell.or i. 
halted. 

Error syndrome. Read only. Thi. field stores tbe en-or 
syndrome. A nonzero syndrome indicates a detectable 
elTor hal occurred. A unique .yndrome i, generat4d f~r 
each po •• ible .ingle- bit (co1'1"eetable) error. A lilt of theN 
.yndl~omea and their a.lociated single bit errors ia given in 
T.ble 3-13. Any nOilze'ro syndrome that ia not contained 
in T.ble 3-13 indicatea a mUltiple bit (uncorrectable) error 
haa occurred. Thia field h.~~dles mwt5ple errors in the .. me 
manner ~. MEMCSR16"~~;~:9>. Cleared on power .. up and 
the- negation of DCOK \I\.'h~~ th~ proc:e •• or i, halted. 

----------.~~----------------------

Table 3-13 Error Syndromes 

o()()(;JOO No error detecwcl 

nat. bite (0 to 32 deem-al) 
1011000 0 
0011100 1 
0011010 2 
1011110 3 
0011111 4 
1011011 5 
1011101 6 
0011001 7 
1101000 8 
0101100 9 
0101010 10 
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T.bit 3-13 (Cont.) Error SyndrOlML 

1101110 11 
0101111 12 
1101011 13 
1101101 14 
0101001 15 
1110000 16 
0110100 11 
0110010 18 
1110110 19 
0110111 20 
1110011 21 
1110101 22 
0110001 23 
(~111000 24 
1111100 25 
1111010 26 
0111110 27 
1111111 28 
0111011 29 
0111101 30 
1111001 31 

Cheek big (32 to 38 deciald) 
0000001 32 
0000010 33 
0000100 34 
0001000 35 
0010000 36 
0100000 37 
1000000 38 

0000111 Relult of incorrect check bita written on detection of. COAL 
parity error. 

All other. Multibit errora 
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3.4.5 Main Memory Control and Diagnostic Status Register 
The main memory control and diagnostic status register (MEi\{CSR17)t 
address 2008 0144, is used t<> control t.he operating mode of the main 
memory controller as well as to store diagnostic status information. This 
register is unique to CPU designs that use the CMCTL memory controller 
chip (Figure 3-22). 

MBZ 

CRD:NT~RRUPTENABLE 

fORCE RfFRESH REQUEST 

ERRGR Dl TfCT OISABLE 

OIA(,NOSTlC CHf CK MODF 

CHECK BllS 

I II ! I I t 

~I i 
__ I I ! 

I i 
------,i ~ 

Figure 3-22 Format for MEMCSR17 

Data Bit 'DefinitiOll 

U nUled. Reads as zero must be written as zero. 

CRD interrupt enable. Re~dI¥.Tite. W1len clea?ed •• ingle-bit 
errors are corrected hy the ECC logic. but no interrupt ia 
generated. When let. single-bit errors are corrected by the 
ECC logic and they caule an int.elTUpt to be generated at 
IPL 1A v.ith a vector of 54 16 • This bit has 110 effect on the 
capturing of 4!nor infonnation in MEMCSR16. or Of\ the 
reporting of uncorrectable errorl. Cleared on power-up and 
the negation of DCOK when the proteSBor is halted. 



Data Bit 

<11> 

<9:8> 
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Force t'efreah requeat. Read/write. When cleat'f'd. the 
Tefre.h control logic oper.tes in nonnal mod. urefre.h every 

. 10.26 pa}. When At. one m.mory refre.b oper"tion occur* 
immediately after the MEMCSR write reference that Nt 
thil bit. Setting thi. bit provide. a mechanilm for apeeding 
up the telting of the refr .. h logic during fnanufacturing telt 
of the controller chip. Thi5 bit ia cle.rod by the- memory 
cont1"oller upon completion of the refre.h operation. Cleared 
on powftr-up and the negation of DCOK when the procel1iOT 
i. h.lted. 

Memory error detect diaable. Read/write. When set. 
error dete(tion and correction (ECC) is disabled. aG 

all memory 4elTora go undetected. When cle.red~ error 
detection. correction •• tate capture and reporting <through 
MEMCSR1S) it enabled. Cleaftid on puwer·dp and the 
negation of DCOK when th. procealQr i, halted. 

Unuled. This field reada a. zero and mllit be written as 
zero. 

Diagna.tie: check mode. Read/write. When Nt. the contents. 
ofMEMCSR11<6:0> are written into the leven ECC check 
bita of the location (even if a CDAL parity elTOT ia detected). 
during a memory write reference. When cleared. the .even 
check bits calculated by the- ECC generanon logic are loaded 
into the .even ECC check bit. of the location dUring a write 
refe~nce and a memory Tead reference loads the .tate of 
the Hven ECC check bita of the location that waa read into 
MEMCSR17<6~O>. Cleared on power .. up and the negation of 
DCOK when the processor is halted. 

NOTE 
nUpaoKic eheck .ode is retririctecl to uu. .. kecl 
••• 0Il7 write rer ..... CM., No .... tHI write 
",...ace. .... aDo.eel wb •• diaeraCNriic cbeck _ocIe 
weaallleL 
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Data Bit DefiDitioll 

Check bits. Read/write. When the diagnostic check mode 
bit il let. theae bit. are aubutituted for the check bits 
that are generated by the ECC generation logic during 
a write ~eference. When the diagnostic Icheck mode bit 
is cleared. memory read references load the state of the 
Heven ECC check bits of the location tl'tat was read into 
MEMCSRl6<6~O>. Cleared on powt'r·v.p and the negation of 
DCOK when thE' processor is halted. ___ • __ 0 _____ _ 

3.4.6 Main Memory Error Detection and Correction 
The KA655 main memory controller generates CDAL bus parity on CPt! 
read references, and checks CDAL bus parity on CPU write references. 

1'he actions taken following the detection of a CDllI.. bus parity error 
depend on the type of write reference: 

• For unmasked CPU write references: incorref.:t check hits are written 
to main melnory (potentially masking an as ~/et undetected memory 
error) along with the data: an interrupt is generated at IPL lD 
through vector 60 16 on- the next cycle; and 1.~CSR16<7> is set.. The 
incorrect check bits are determined by calc\hlating the seven COlTect 
check bits. and complementing the three lenst significant bits. 

• For nlasked CPU y.Yrite refeTences: inoorreet check bits are written 
to main memory (potentially -masking an ~,s yet undetected memory 
etTor 1 along vlith the data. unless an unc(]lrrectable error is det~ted, 
during the read part; MEMCSR16<7> is fJet; and a machine check 
abort is initiated. If an uncorrectable en~r is detected on the 
read part, no write operation takes place. The incorrect check bits 
are detennined by calculating the seven correct check bits. and 
complementing the three least significar.,t bits. 

The memory controller prote~'ts main memclry b)' using a 32·bit modified 
hamming code to encode the 32·bit data longword with seven check bits. 
This allows the cont~oner to detect and COlTeel single .. bit erro~s in the 
data field and detect single-bit errors in the check bit field and double-.bit 
errors in the data field. The most likely C2'.uses of these en-ors are failures 
in either the memory array or the 50-pin t~ble. . 
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Upon detecting a correctablE~ error on a read reference or the read portion 
ora masked write reference. the data is co~ted (ifit is in tile data field). 
before placing it on the CDA1 ... bUSt or ba~k in main memory. An interrupt 
is generated at IPL lA through vector 54 16; bit <29> of MEMCSR16 is 
&eti bits <28:9> ufMEMCSR16 are loaded with tbe addre3s of the page 
containing the location that caused the en-or: and bits <6:0> are leaded 
with the error syndrome which indicates which bit was in elTOi~. If the 
error was detected on a DMJ\. reference. MEMCSR16<8> is also set. 

NOTE 
The eorrectecl data i. not. rewritten to main memO~7f tIC) the aincle 
bit error remain. there ,",til rewritten by software. 

'to detect an unc!Orrectable e!TOr, the ~ction depends on the type of 
reference lleing perfonned: 

• On a demand read referel'lCe: the affected row of the fil'st·level 
cache is invalidated; bit <31:> of MEMCSR16 is set; bits <28:9> of 
MEMCSR16 are loaded with the address of the page containing the 
location that caused the e\TOT; and bits <6:0> are loaded with the 
error syndrome which indicates that the error was uncorrectable 
and a m~chine check abort is initiated. If the read is a local·miss. 
global·hit read, or a read of the Q22 .. bus map. MEt.tCSR16<8> and 
DSER<4> are also set. and DEAR<12:0> are loaded·with the address 
of the page containing the lucation that caused the error; 

• On a request read reference: the prefetch or fill cycle is aborted. but 
nil machine check occurs; bit <31> of MEMCSR16 is set; bits <28:9> 
of MEMCSR16 are loaded wi\~h the address of the page containing 
the location that caused the e\'Tor; and bits <:6:0> are loaded with the 
etTor syndrome which indicates that the error was uneorrectable. 

• On the read part of mask~d wrlte reference: hit <31> of l\fEMCSR16 
is set; bits <28:9> of MEMCSRI6 are loaded with the address of the 
page containing the location that caused th~ error; and bits <:6:0> 
are loaded with the error syndro.me which indicates that the error is 
uncorrectable and a machine chC(~k "bort is initiated. 
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• On a OMIt. read reference: bit <31> and bit <8> of MEMCSR16 are 
set; bits <28:9> of MEMCSR16 are loaded with the address of the 
page containing the location that caused the error; and bits <6:0> 
are tnaded with the en-or syndrome which indicates that the error 
is u..ncorrectable. DSER<~> is let; DEAR<12:0> are loaded with the 
addreil' of the page containing the location that caused the error; 
BDAL<11:16> are allerted on the Q22-bu8 along \rith the data to 
noti(v the l'eceiving device (unle!s it was a map read by the Q22~bus 
interface during tranalation); And an inte\Tupt is gene~ated \f~ IPL lD 
t.hrough vector 60 16-

• On a DMA masked write reference: bit <31> c.nd bit <8> of 
MEMCSR16 are aet; bits <28:9> of MEMCSR16 are loaded with the 
nddres8 of the page containing the location that caused the etTOr; and 
bits <6:0> are loaded with the error syndrome which indicates that 
the en'or is uncorrectable. DSER<4> ii aet; DEAR<12:0> are loaded 
with the address of the page containing the location that caused the 
error; IPCR<15> is eet to notify the initiating de\ice; and an intelTupt 
is gel'erated at IPL 1D through vector 60 16-

3.5 Console Serial- Line 
The oollsol~ aerial line pro\ides the KA655 processor with a full duplex. 
RS-423. EtA. seri~l tine Interface, which is also RS·232C compatible. The 
only data fonnat 8UPPCt'k~ is 8·bit data with no parity and one stop bit. 
The four internal procesoor re~i!ters (IPRs) that control the operation 
of the console serial line are a 8uper~t of the VAX console serial1ine 
registers described in the VAX' Architecture Reforence Manual. 

3.5.1 Console Aegisters 
There are tour registers afisociated with the console serial line Wlit. They 
are implemented in the sse and are accessed as IPRs 32 10 to 35 10 
(Table 3-14). 



Tlble3-14 Conao&. Regl.t .... 
IPR 
Nu.her a.p.terN .. e MaeaaoDie 

32 CoolOle receiver RXCS 
(ontrolll'tatua 

33 ConlOle receiv~r data buffer RXDS 
34 ConNole tTanlmit !'Xes 

coii'troltatatus 
--

35 Con MOlt' tran~mit data huffer TXDS 

3.5.1.1 Conaol4t Rec:elvw ControtJStltus Regllter 
The console receiver control/status register (RXeS), IPR 32. is used to 
control and report the status of incoming data on the console serial line 
(Figure 3-23>. 

R:;< If 

Figur. 3-23 ConloN Receiver ControVStatua Register 

nata Bit 

<31:8> 

DefiDitiol1 

Unused. Read as zerol. \\!rites hav~ no effect. 

Receiver dont' <RX DONE). Read only. Writes have no effect. 
This bit is ,,~t when an entirt' charactt'r has ~n received 
and is ft'.ady to ~ read from the RXDB register. This hit is 
automatically cleared when RXDS is read. It in also cleared 
on poW~T·Up and the negation of DCOK when the proct!saor 
is halted. 
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n.ta Bit Ib fiaiti Oil 

Receiver intermpt enable- (RX IE} Read/write. When set. 
this bit CaUReK an interrupt to be requested at IPL 14 
with an SCB offaet of FS if RX done is 8et. When cleared. 
interrupts from th~ console receiver are disabled. This bit 
is cleared on power·up and the negation of DCOK when the 
proceluwf is halted. 

tJ nUHed. Read as zeros. Writes llave no effect. 

3.5 .. 1.2 Conaole Receiver Oata Buffer 
The console receiver data buffer (RXDB), IPR 33, buffers incoming data 
an the serial line and clkptures error information (Figure 3-24>. 

o 

FRM1RR 

Rev BRK 
HEC[lVE 0 DATA BITS 

".., It". M' 

Figure 3-24 Console Receiver Data Buffer 

--------------------------------
nata Bit 

<31:16> 

<15> 

<14> 

Definition 

Unu~ed. Always read as zero. Writes ha\'e no effect. 

Error (ERR). Read only. \Vriteshave no effect. This bit is 
aet if RBUF <14> or <13> is set. It is clea-r if these two bits 
are clear. This bit cannot generate a program inte'lTUpt. 
Cleared on power-up and the negation of DCOK when the 
proceaaor is halted. 

Overrun error (OVR ERR). Read only. Writes have no 
effect. This bit itt set if a previously received character 
waa not read before being o\'erwritten by the present 
character. Cleared by reading the RXDB~ on power-up 
and the negation of DCOK ~hen the processor is hal~d. 



nata Bit 

<13> 

<12> 

<11> 

<10:8> 
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DefiDitiOQ 

Framing error (FRM ERR). Read only. Writes l:ave no 
effect. This bit ia .~t if the present. character did not have a 
valid stop bit. Cleared by reading the RXDB. on power-up 
and the negation of DCOK when the processor is baIted. 

NOTE 
Erl"Or eonclitio .. re.aill prettent until the next 
character i. read. at which point, the error bit. are 
upclaUML 

Unuled. Reads as o. Writes have no effect. 

Received break (ReV BRKJ. Read only. \Vrites have, no 
effect. This bit is let at the end of a received charaaer for 
which the aerial data input remained in the space condition 
for 20 bit times. Cleared by l"eading the RXDB. on power-up 
and th~ negation of DCOK when the- processor is l1alted. 

Unuled. Read a8 O. Wri~1 have no effect. 

Received data bits. Read only. Wnw. have no effect. The»e 
bit. contain the I.at re(eived character. 

3.5_1.3 Console TranlmlHer ContvollStatua Reglst.r 
The console transmitter eontrollstatus register (TXeS), internal processor 
register 34. controls and reports the status Qf outgoing data on the console 
serial line (Figure 3-25 t 

liN USE 0 H£ TUR~';S 0 

TX ROY 

TX IE 

MAlNl -----,-_--# 
XMIT BRK 

Figure 3-25 Console Transmitter Controt/Status Register 

. " 
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D.taBit 

<1> 

De 6nii ion 

Unused. Read 81 zeros. Writes have no effect. 

Tran~mitter ready eTX. RDY). Read only. Writes have no 
effect. This bit i8 cleared when TXDB is loaded and set 
when TXDB can reooive another character. This bit is set 
on power·up and the negation of DCOK when thta proee8.or 
is halted. 

Transmitter interrupt enable <TX IE). Read/write. When 
set, this hit causes an intelTupt to be requested at IPL 14 
with an SCB offset of Fe if TX RDY i~ set. When cleared. 
interrupts from the console receiver are disabled. This bit 
is cleared on power·up and the ·negation of DCOK when the 
pru<:eSMor is halted. 

Unused. Read as zeros. Writes have no effect. 

Maintenanct' (MAINT). Read/write. This bit is used to 
facilitate a maintenance fielf·test. \Vhen MAINT is sett the 
external serial input is set to mark and the serial output is 
used as the serial input. This bit is cleared on power·up anr. 
th£' negation of DCOK when the pr~S8or is halted. 

Unused. Reitd as zero. Writes hsve no effe~t. 

Transmit break <XMIT BRK). Read/write. \Then this bit 
is 8t't. the serial output is forced to the space condition 
after the character in TXB<7:0> i·s sent. \Vhile XMIT 
BRK is set, the transmitter operates n01"111a11y. but tht~ 
output line remains low. Thus. 8ottwar~ can transmit 
dummy characters to time the break. This bit. is cleared on 
power·up and the negation of nOOK when the pt'G\Cessor is 
halted. I --------------------__________________________________ 4 ______ __ 
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3.5.1.4 Console TransmHter ~ata Buffer 
The conlOle transmitter data buffer ("rx.DB). internal processor register 
35, is used to buffer outgoing data on the serial line (Figure 3-26) . 

•• 
MBl 

TRANSMrTTFD DATA BITS f 
...... "~l H' 

Figure 3-26 Console '·ransmitter Data Buffer 

nata Bit O.8nitioll 
--------------------------------------U nU8ed. Wtite8 have no effect. 

Transmitted data bits. Write only. These biu ar~ used to 
load the character to be transmitted on the con!ole senftl 
line. 

3.5.2 Break Response 
'{'he console Rerial tine unit recognizes a break condition which consists 
of 20 consecutively received space bits. If the (..~nsole detects a valid 
break condition. the ReV BRK hit is set in the RXDB register. If the 
break was the result of 20 consecutively received space bits, the FRM 
ERR hit is also set. If baIts are enabled (END BREAK asserted on the 
20·pin connector), the KA655 halts and transfers program centrol to ROrd 
location 2004 0000 YJhen the RCV BRK bit is set. Rev BRK is cleared by 
rt'.ading RXDB. Another mark followed by 20 consecutive space bits must· 
bt- received to set RCV BRK again. 
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3 .. 5,,3 Baud Rate 

The receive and transmit baud rates are always identical and are 
controlled by the sse configuration register bits <14:12>. 

The user selects the desired baud Tate through the baud rate select 
signals CBRS <2:0> L) which are received from an externa.l a .. position 
switch through the 20·pin connector mounted at the tOl) ~Jf the module. 
trhe KA655 firmware reads this code frora boot and diagnostic register bits 
<6:4> and loads it into sse configuration register bits <:14:12>. Operating 
systems will not cause the baud rate to be transferred. ~rhe baud rate is 
only set at power· up. 

Table 3-15 shows the t ~u.d rate select signal voltage le-qels (H or L), the 
corresponding inverted code as read in the boot and diagnostic register 
bits <6:4>, and the code that should be loaded into sse configuration 
register bits <14:12>. 

Table 3-15 Baud Rate Select 

Baud DRS DDD. 
Rate <2:0> <6:4> sse <14:12> 

300 BRH 000 000 
600 HRI .. 001 001 
1200 HLH 010 010 
2400 BLL 011 011 
4800 LHH 100 100 
960() LIiL 101 101 
19200 LLH 1.10 110 
38400 L14L 111 111 

3.5.4 Console Interr,'pt SF,ecifications 
f1'he console se~:..ll1ine reCeiVE:7 and transmitter both generate interrupts 
at IPL 14. The receiver interrupts with a vector of F8 16, while the 
tt'anstniti<2r interrupts ylith a vector of Fe 16-
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3.6 Time-of· Year Clock and Timers 
The KA655 clocks include time-of-year clock (TODR) .s defined in tIle 
VAX' Architectu~ &ference Manual. a subset interval clock (fJubeet ICeS). 
a8 defined in the VAX Architecture Reference Manual. and two additional 
programmable timers nlodeled after the VAX standard interval clock. 

3.6.1 Time-of-Year Clock 
The KA655 time-of-year clock (TODK), intel"tlnt processor Tegister 
27. fonns an unsigned 32·bit binary counter that is driven from a 
100 Hz OfJCiltator. Therefore. the least significant bit of the clock 
represents a t'eflOtution of 10 ms with less than 0.0025 percent error. 
The register counts only when it contains a nonzero value. This register 
is implenlented in the sse (Figure 3-27). 

~ .--_ .. a 

[ TtMf OF "'fAR SlNCf SfTTING 

Figure 3-27 Tlme.of·Vear Clock 

The time .. of .. ypar clock (TODR) is maintained during powe~ faiturr;; by 
battery backup circuitry which interfaces .. through the exte\-nal connector. 
to a set of hatteries which are mounted on the H3600-SA cover (or the 
CPU distribution insert). The TODR remains valid for greater than 162 
hours when using the NiCad battery pack (three batteries in ~ri@s). 

The sse configuration register contains a battery low (BLO) hit. which, 
if !let after initialization. the TODR is cleared. and remains at zero until 
8Oftwal? writes a nonzero value into it. 

NOTE 
After writing a nonzero valu.e into the TODR, IIoftware .howd 
clear the BLO bit by writing a 1 to it. 
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3.6.2 Interval Timer 
The KA655 interval timer (ICeS). internal processor register 24, is 
implem~nted ac~rding to the VAX Architecture lieferel,ce Manual for 
subset processors. The interval clock controVstatus register (ICeS) is 
implemented as the standard subset of the standard VAX Ices in the 
eVAX CPU chip, while NICR and leR are not implemented (Figure 3-28). 

~ 6 5 

Mgt J 

Figure 3-28 Intltva' TImer 

nata Bit 

<31:7> 

Definitioll 

Unused. Read as zerol. must be written as z~rol. 

I ntelTupt enabl~ <IE). Read/write. This bit enables and 
disables the interval timer interrupti. When the bit il set. 
an interval timer interrupt is requested eve~ 10 ma with 
an enol" of less than 0.01 percent. When the bit is clear. 
interval timer interrupts are disabled. This bit is cleared on 
power-up and the negation of DCOK when the proce •• or i. 
ha~ted. 

Unused. Read as zer08, must be- written a8 %erOI~ 

Inten'al timer requests aTe posted at IPL 16 ¥tith a vector of CO. The 
interval timer is the highest priority device at this IPJ.. ... 

3.6.3 Programmable Timers 
The KA655 features two programmable timers. Although the)' are 
modeled after the VAX standard interval clock, they are accessed ae 
110 space registers (rather than as internal pl"{lCessor registers) and a 
control bit has been added which stops the timer t:,onoverflow.lf so 
enabled. the timers interrupt at IPL 14 upon oveTflcw. The intelTupt 
,,'ector.; are programmable and are set to 78 and 7C by the finnware. 

Each tinler is composed of four registers: timer n control register, timer 
n intenoal register~ timer D next interval register. and timer D interrupt 
vector register, where D represents the timer number (0 or 1). 
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3.&.3.1 nmer Control _tltera. 
The KA655 has two timer cotltrolregist~rs, one for c:ontrolling timer 0 
(TCRO), and one for controlling timer 1 (TCRt). TCRO is accessible at 
address 2014 0100 16. and TCRI is accessible at 2014 0110 16 .. '!'hese 
~egisters are implemented in the sse (Figure 3-29). 

3130 

£~ ... ; ...... I ______ -MBZ 

I 
IE 

J 
SGL 

>:fR 

MBZ I I 

STP ----11 
MBZ ~ RUN 

,,:.: • ,:f It· 

Figure 3-29 Timer Control ~I •• rs 

D.t~ Bit 

<31> 

<30:8> 

DefbUtioll 

E't'ror (ERR). Read/write to clear. Thil bit is aet whenever 
the timer inten·al regiater overftowB and INT is alread~· aet. 
ThUI, the ERR indicates a miRHd· overflow. Writing a 1 to 
this bit. clnra it. Cleared on power-up and the negl'tion of 
DCOK wh8n the procellOr is halted. 

Unuled. Read as zeros. MUlt be written.a zero •. 

INT. Re.dlwrit. to cl~aT. This bit il let whenever the timer­
lnter .... al regilter overflow •. If IE il aet when INT is Nt, an 
interrupt is POlted at IPL 14. Writing a 1 to this bit clears 
it. Cleared on power-up and the negation of DCOK when 
th~ protellOr il halted. 

IE. Read/write. When thil bit i, lett th~ timer ~ntelT..tpt. at 
IPL 14 when the lNT bit ia »et. Cleared on pow~r·up and 
the negation of DCOK when the prooel!'or is halted. 
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D.taBit 

SGL. Read/write. Setting ~hi'~ bit (aU.a. the timer interv.l 
r2gilter to be incremented ~./ 1 ifth~ run bit i. c1eared~ If 
the run hit ia .et. th.n write. to the SGL bit are ignored. 
Thia bit alway. reada a. o. Cleared on power-up and the­
negation Dr DCOK when the pr~zflllOr ia halted. 

XFR. ~ .. dlwrite. Setting this bit caulfes th~ timer next 
intervai regi.t.er to h. copied into the timer interval Tegilter. 
Thitc bit ia al~' 'fa read ~~ O~ Cleared on power-up and the 
negation of t, ..... ~: Wh~(l ~he prOl!easor iii halted. 

UnWied. Read aiii zero •. Muat ~ written.a zerol. 

STP. ~adlwrite. This bit determines whether the timer 
stops after an overflow when the run bit is aet. If the STP 
hit is aet at ov~rltow. the run bit is cleared by th~ hal'dwar. 
nt o\,~,rftow and ~unting stops. Cleared on power ... up and 
the n ... ticn of DCOK when the proceMor ia halted. 

tT nUled. Read' •• teroa. M u.t be written as zerc';l. 

Run. ReadIWrite. \Vhen let. the timer interval regiater 
is incremented onc:e e,,~ry miuOIeci)nd. The INT bit io 
set when the timer overflow.. If the grp bit is let at 
ovt:1'flow, the run bit iK ~le~.red by the hardwa1'& at overflow 
and, counting atop.. When the run bit i. cleart the timer 
interval regiater i8 not inC1' .. -mented autom.tica~l)"- Cleared 
on power·up and the negatio!, ofDCOK when the procellOr 
1. hal~d. 



ArchHedur. 3-75 

3.6.3.2 Timer Interva' _fit .... 
The KA655 has two timlL't' interval registers. on~ for timer 0 (TIRO.), and 
one for timer 1 (11ftt). TIRO is accel.ible at addreta 201' 0104 tl. and 
TIRI is aceeMible at 201~ 0114 16. 

The timer intet"Val register is a read only r~gi8ter containing the interval 
count. When the run hit is 0, wri~ing a 1 incrementa the regi,ter. When 
the run bit ill 1. the regiater is incremented onee every microtJee~nd. 
When the c:ounter overflows, the tNT bit is eet, and an interrupt il poeated 
at IPI.J 14 if the IE hit is fM!t. Then. if the run and SW bit$ are both 
&et. the run bit is clearE'C! and counting atopl. Ot'herwi-.e, the coWlter i. 
reloaded. The maximum delay that can be specified is approximately 1.2 
hourtl. This register is cleared on power-up and the negation of DCOK 
when the procesllor is batted (Figure 3-30.). 

[ 

F'gur.3-30 Timer Intlrval Register 

3.6.3.3 Tlm.r Next tnteIVal Regllters-
The KASS5 bas two timer next interval reg-isters. one for timer 0 (TNlRO>. 
and one for timer 1 (TNIRl). TNlRO is accelsibie at address 201.0108 16. 
and TNIRI is accessible at 2014 0118 16. TheBe registers are implemented 
in theSSC. 

This read/write register con~in8 the value w hieh is written into the timer 
interval regiflterafter overflow, or in respon8e to a 1 written to the XFR 
hit.. Thig register is cleaTed on power·up and the negation of DCOK when 
the proces8or is halted (Figure 3-31). 

:~~J 

Figure 3-31 T!m~r Nb·xl Int~rvat Register 



3.6.3.4 Timer Interrupt Vector Regllters 
The KA655·ha. two timer inten"Upt vector 1"egiltenr. one for timel· 0 
(TlVRO). arld one for timer 1 (TlVR1). Tf\-aO i8 accelillibte at addt'e" 
2014 010C 16, and TlVRl is accelulJible at 201. 011C 16. TheN regilters 
are implemented in the sse and aTe !let to 18 and 1C l"etlpectively by the 
reaident firmw.re~ 

This read/write register contains the timer's interrupt vector. Bits 
<31:10> and <1:0> are read as 0 and must be written .s o. When 
TCRn<6> (IE) and TCRn<7> (tNT) transition to I. an interrupt is POlte<t 
at IPL 14. Whet. a timer·~ int@rrupt is acknowledged. the content of the 
interrupt vector register is paeled to the CPU. and the INT bit i8 cleared. 
Interrupt requests can also be cleared by clearing eith!'f the IE or tbe INT 
bit. Thill register i8 cl~red on power-up and the negation -nf DCOK when 
the prOCC880r h. halted (Figure 3-32). 

. . .• • • 0 

[ MR? 

,t.'1. '~2" Is' 

Figure 3-32 ~Imer Interrupt Vector Register 

NOTE 
Note that bath timer. intelTupt at the NDle IPL (IPL 14) •• the 
eODtio1e "rial line uni't. When multiple inwrrupta .... pe!ldili" 
the ~onllO" .erial line h .. pi.iority over the iimen, and timer 0 
Ja .. priori¢y over timer 1. 

3.7 Boot and Diagnostic Facility 
Th~ l\A655 boot and d18gno8tic facility features two regi"taa. one .cO-pin 
ROM MCket containing 128 Kbytes of EPROM. and 1 Kbyte of batu!ry 
backed-up RAM. The R<)M and hatt~ry hackt-d .. up RAM may be accelJRCi 
through langword. word or bytE' rt'ft'rt-nct'!'. 

~ KA655 cPtJ modulta populuUaR tht- R()t.! 14ock~t y."ith 12R Kbytt'f' of 16-
bit R()M (ur EPR{)M). n~is R()M contnin~ th~ KA65!) t"t'I'ident finnware~ 
If this ROM i8 Tftplaet-d for sJWclal .lppli(,cltion~. t·b~ nt'wROM must 
initiali~ t.nd configur~ thp hoard. pro"'id~ halt :\ud con!'<llp emulation. as 
we-II ate pr()\~dp h(lo~ diagnoMtic functiunalit~·. 



3.1.1 Boot .nd Di_gnostic Register 
The boot and dial1'otItie regilter (BDR) is. byte·wide ftgilter locat.edin 
the VAX tlO pale at phyrdeal .ddre .. 2008 4004 16. It i, implemented 
uniquely on the KA65S. It can be .Ccelled by KA655 eoftware. but not by 
~xtern.~ Q22.bu. devicetl. The BDft allows the boot and diagnCMItie ROM 
prorram. to read various KA655 configuration hits. Only the low byte of 
the BDRt:bculd be aCCHaed. Bits <31:8> are undefined (Figure 3-33). 

8- 6 ';32' C 

~ ________________ ... _.~_H_ .. _.f_~ ______________ ~~~~ 

B~S c:' 
: p~; c:; 

............. 
FJgur. 3-33 Boot .nd Diagnostic Register 

n.UlBit 

t 'nde!1ned. Should not be read or written. 

BreftK en.-hl .. (ENB BREAK). R.ad only. Writes have no 
.ff.rt. Thi" hit reftM'tl' the "tat. of pin 15 (ENB BREAK L) 
of the 20·pin connKtor. The- ."Nnion of thia lienal enabka 
the h~ttinK of the ('PtJ upon det.edion of. eon.ole brNk 
condition. On a pow~r .. up,. the KA655 relident finnware 
..... uIR the ENB BREAK hit to decid~ whothet" to enter the 
con"ol~ ('mulation program (END BREAK Nt) or to boot the 
operating ~)·I'tem (ENS BREAK cleaT), On the execution of 
~ halt in"truction whil~ ink.,mel mode. th. KA655 Te"ident 
firmwal'~ ftad~ tl~ ENB BREAK bit to decide whether to 
ent.r the con!'ol~ .mulation program (END BREAK Nt) or 
to t'Mt.{:irt tlw operating t'~Mtem (END BREAK clf.1ar}. 



3-78 Architac1ur. 

nate Bit 

<6:4> 

-c;3:2> 

<1:0> 

DefbUiioll 

Con.ule bit rate (CONSLBITRATE>. Read only. Writes have 
no effect. These three bits origirMtte from pina <19:17> 
(CONSLBITRATE <2:0» of the 20.pin connecto~ They 
reflect the aetting of the baud rate .elect lwitch on the 
H3600·SA cover. These bits are Tead only on power· up. 
BDR<6~4> Baud Rate 
000 300 
001 600 
0,0 1200 
011 24CO 
100 4800 
101 9600 
'110 19200 
111 38400 

. CPU code (CPUCODE). Read only. Wriws have no effect. 
These two bitK originate from connector pins <5:4:­
(CPUCODE<l ~O». 
CPUCODE <1~> 
00 
01 
10 
11 

CoDficu.ratioll 
Nonnal operation 
Reserved 
Reserved 
Reserved 

Boot and diagnostic code (BOOTDlAGCODE). Read only .. 
Wriws have no effect. This 2 .. hit code Teflects the .tatu .. 
of configuration and display connector pins <14:13> 
(BOOTDIAGCODE<1:0>}. The KA&;S ROM programs 
u'*' BOOTDlAGCODE <1:0> to detem'%lne the power-up 
mode as follows: 
BOOTDIAGCODEPower-Up MocI~ 
cltO> 
00 
01 
10 
11 

Run 
Language inquiry 
Test 
Manufacturing 



AlchiWctur. 3-7~ 

3.7.2 DilgnolliC LED Register 
The di3gnoatic LED register (DLEDRlt address 2014 0030 16. is 
implemented in the sse and contains four rucVwrite bite that eontl'ol 
the ext.ernal LED diaplfty. A 0 in a bit turns on the correlponding LED. 
All four bits are cleared on powe'r-up and the negation of DCOK whf:n the 
procetllOr is haltoo to provide a IlOwer·up lamp test (FigUl'e 3-34). 

432'0 

I~SP~ ] 

Flgu ... 3-34 Dtlgnoltlc LED Register 

nata Bit lHtbUtioa 
------------------~-----------------------------
<31:4> Unu.ed. Re.d •• zero •. MUlt he written .a I'ro~. 

<3:0> Dilplay (D~PL). Read/write. The .. four bits updat4~ an 
external LED dilplay. Writing. 0 to • bit turn. on the 
correlponding LED. Writing a 1 to • bit tuml off ita LED. 
The dilpiay bit" clear <an LED. are on) on power-up .nd 
the negation of DCOK when tM proce •• or halt •• 

3.7.3 ROM Memory 
The K.~655 supports 128 Kbytes of ROltt memory for storing code for 
board initialization, VAX standard console emulation. board self .. tHts. 
and boot code. ROM memory may be acceased through byte. word and 
longword references. ROM accesses take 1200 ns. ROM is organized as 
a 64K by 16·bit alTay. CDAL bus parity is neither checked nor generated 
on RO~,! references. 

3. 7.3~ 1 ROM SOCket 
The KA655 provides one ROM socket which contains a 128K by 16 
EPROM. 
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3.1.3.2 ROM AddNU Space 
The entire 128 Khyte boot and diagnostic ROl\1 may be read from either 
the 128 Kbyte halt rnode ROM space chtlx addresses: 2004 0000 16 
through 2005 FFFF 16'. or the 128 Kbyte run mode ROM space (hex 
addresses: 2006 0000 16 thrilugh 2007 FFFF 16. Note that the run mode 
ROM space reads exactly the same ROM code as the halt mode ROM 
space. 

Writes to either of these address spaces results in a machine check. 

Any ! .. stream read from the halt nlode ROM space places the KA655 in 
halt mudu. The Q22·bus SRUN signal is deasserted causing the front 
panel run light to go out and the CPU is protected from further halts. 

Any J·stream read that does not access the halt mode ROM space and 
that doo~ not hit in the first .. or second .. level cache. including reads from 
the run mode ROM space, places the KA655 in run mode. The Q22.bus 
SRUN sib'llal is wggled turning on the front panel run. The CPU can be 
halted by asserting the Q22 .. bus BHALT line or by generating a break 
condition on the console serial1ine if BDR<7> <halt enable) is set. 

Writes and D-Ktream reads to any addreS:3 space have no effect on run 
modelhalt nlooe status. 

3.7.3.3 R •• ident Fi.mw.re Operation 
The KA655 CPU n.odule populates the ROM SO<!ket with 128 Kbyte of 16· 
hit ROM (or EPROM). 'This ROM contains the KA655 resident finnware 
Y/hich can be entered by transferring program control to location 2004 
0000 16. 

Section 3.1.5 lists the various halt conditions which cause the CVAX CPU 
to transfer program control to location 2004 0000 16. 

\\'hen runrling. the KA655 resident finnware pruvides the services 
expected of a VAX .. 1l console system. Itt particulart the following services 
arc n -w-uila hIe: 

• Autonlatic restart or bootstrap follo"ing processor halts or initial 
power·up. 

• An interactive comnland language allowing the user to examine and 
alwr the st.ate of the processor. 

• Diagn()stic tests caxecuted on power· up that check· out the CPU, the 
memory system and the Q22·bus map. 

• Support of video or hardcopy tenninals as the console terminal as well 
as support ofVCB01-based bit .. mapped tenninals. 
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Power-Up Modes-

The boot and diagnostic ROM p\·ogrdms use bits <1:0> of the BDR 
{Section 3,7.1 J to determine the p'ower-up modes as follows: 

Code 

00 

01 

10 
11 

Mode 

Run (factory y.atting). 1ft-he console terminal supports the multinational 
character set (MCS). thE' U8-er will 00 prompted for language- only if thta 
time .. of.year clock battery bnck·up has failed. Full start.up diagnostics 
arf:t run. 
Lunf..'Uag~ inquir)'. If th~ con~o1tto tenninal supports MCS. the user will 
he prompu-d for languaga on every power-up and loestart.. Full startup 
diu~"n08tics un- run. 
Tt.~st. ROM programs run wrap-around 8f!rialline unit (SLU) tests. 
Manufacturing. To pro\idf:- for rapid startup during certain 
tnanufacturing test procedures. thE.- ROM pl"Oh'l"amS omit the power-up 
memory diagnostic fot and set up the memory bit 'map on tht,ao assumption 
that all a\'ailable tnemory is functional. 

3.7.4 Battery Backed-Up RAM 
The KA655 contains 1 Khyte of battery backed-up static ~1 for use as 
a console scratchpad. The power for the RAM is provided through pins 10 
{BATTERY VOLT III and 12 (GND} of the 20·pin connector. 

This HAM SUppOl"ts byte, word and longword references. Read operations 
take 700 ns to <..-c)nlplete whil~ \vrite operations require 600 ns. 

The RAM is orgunized as a 256 by 32 .. bit (one longwordf array. The array 
nppears in a 1 Kbyte block of the VAX 110 page at addresses 2014 0400 
through 2014 07FF. 

This array is not protected by parit~·, and CDAL bus parity is neither 
checked nor generated on Teads or writes to this RAM. 

3.7.5 KA6551nitialization 
'rhe V~ architecture defines three kinds of hardware initialization: 

• P(lWer·up 

• Processor 

$ 1/0 bus 
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3.7.5.1 Power·Up Inlti.Jizatlon 
Powereup initialization is the result of the restor,ation of power and 
includes a hardware ~e8et, a processor initialization,· an 1/0 bus 
initialization. as well as the initialization of several registers defined 
in the VAX Architecture Reference Manual. 

3.7.5.2 ijardwa,. R ... t 
A KA6S5 hardware reset occurs on powereup and the negation of DCOK 
when the processor is halted. A hardware reset initiates the hardware 
halt procedure (Section 3.1.5.6) with a halt code of 03. The reset also 
initializes some IPRs and most 110 page registers to a known ~tate. Those 
IPRs that are affected by a module reset are noted in Section 3.1 .. 1.3. The 
effect a hardware reset has on 1/0 space registers is documented in the 
description of the register. 

3.7.5.3 i/O Bus Inltlallzatlon 
An 1/0 hus (Q22-bus) initialization occurs on power-up. the negation of 
DCOK when the processor is halted, or as the result of a MTPR to IPR 55 
(I(}RESET) or console UNJAl\! command. 

3.7.5.4 110 Bus R ... t Register 
The 110 bus reset register (iORESET}, internal processor register 55, is 
implemented in the sse. A MTPR of any value to IORESET causes an 
I/() bus initialization. 

3.7.5 .. 5 ProCH.or Inlttallzatlon 
A pruoossor initialization occurs on po\ver ... up. the n~ation of DCQK when 
the processor is halted. as the result of a console INITIALIZE command, 
and after a halt caused by an error condition. 

In addition to initializing those registers defined in the VAX Architecture 
Referellce Manual. the KA655 firmware also configures main memory, the 
local l/() page, and the Q22. bus. map quring a processor initialization. 
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3.8 Q22-bus Interface 
The KA655 includes a Q22-bus interface implemented through a single 
VLSI chip called the CQBIC. It contains a CDAL bus to Q22·bu.c; interface 
that supports the foUo"dng functions: 

• A programnlahle mapping fanction (scatter-gather map) for 
translating 22-bit, Q22-bus addresses into 29-bit CD~\.L bus addresses, 
which allows any page in the Q22 ... bus memory space to be mapped to 
any page in main memory. 

• A direct mapping function for translating 29·bit COAL addresst!s 
in the local Q22·bus address space and local Q22~bus 1/0 page into 
22·bitt Q22 .. bus addresses . 

. " Masked and unmasked longword reads and writes from the CPU 
to the Q22 .. bus memory and 110 space and the Q22-bus interface 
registers. Longword reads and writes of the local Q22 .. bus memory' 
space aTe buffered and translated into 2·word, block mode. transfers 
on thp Q22-bus.. Longword reads and YtTites of the local Q22·bus 110 
space ute buffered and translated into two. single-word transfers on 
the Q22-bus. 

• Up to 16-\vord, block mode, writes from the Q22-bus to main memory. 
These words are buffered then tyansferred tn main memory using 
two asynchronous DV1A octaword trallsfers. For block mode writes of 
less than 16 words. the words are buffe~d and tTansferre-d to main 
memory using the most efficient combination of octaword. quadword. 
and· iongword asynchronous Dl\{A transfers. 

The maXitT1WU y.Tite bandwidth for block mode references is 3.3 
Mhytes per second. Block mode reads of main memory from the Q22-
bus cause the Q22·bus interlace to perform an asynchronous DMA 
quadword read of main memory and buffer all four words t so that on 
block mode reads, the next three words of the block mode ~r~ad can 
be deli\tered \\~thout an~~ additional CDAL bus cycles. 'fhe ma..ximum 
read bandwidth for Q22 .. hus block mode references is 2.4 Mbytes per 
second. Q22-bus burst mode DM .. ' transfers result in single·word 
reads and writes of main memory. 

• 'I'ransfers c. '..)m the CPU to the local Q22-bus memory space, that 
result in the Q22·bus map transla.ting the address back int_o main 
memory (local-Iniss, glabal .. hit transactions). 

TheQ22-bus interface contains several registers for Q22-bus control and 
configuration. and error reporting~ 
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The interface alsD contains Q22-bus interrupt arbitration logic that 
recognizes Q22-bus interrupt requests BR7·BR4 and translates them 
into CPtJ interrupts at leve1s 17 to 14. 

The Q22 .. bus interface detects Q22 .. bus no sack timeouts, Q22-bus 
interrupt acknowledge timeouts, Q22 .. bus nonexistent memory timeouts, 
main memory errors on DMA accesses from the Q22·bus and Q22-bus 
paritY'3rrors. 

3.8.1 Q22-bus to Main Memory Address Translation 
On DMA t·eferences to main memory, the 22·bit, Q22 .. bus address must be 
translated into a 29·bit main memory address. This tran~dation process 
is performed by the Q22-bus interface by using the Q2Z-bus map. This 
map contains 8192 mapping registers, (one for each page in the Q22 .. bus 
memory space)~ each uf"/hich can map a page (51.2 bytes) of the Q22·bus 
memory address space into any of the 128K pages in main memory. Since 
local I/{) space addresses cannot be mapped to Q22·bus pages. the local 
I/O page is inaccessible to de\1ces on the Q22-bus. 

Q22-bus addresses are translated to main mer,. Ary addrresses as shown in 
Figure 3-35. 

31 (} 
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Figure- 3-35 Q22·bus to Main Memory Address Translation 
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At power-up time. the Q22·bus map registers. inztuding the valid bits. 
are undefined. External access to main memory is disabled as long as the 
interprocessor communication register LM EAE bit is cleared. The Q22-
bus interface monitors each Q22·bus cycle and responds if the following 
conditions are met: 

• The interproces80r cotnmunication register LM EAE bit is set. 

• The valid bit of the selected mapping register is set. 

• During read operations, the mapping register must map into existent 
main memory. or a Q22 .. bus timeout occurs. (During write operations. 
the Q22·bus interface retums Q22-bu8 BRPLY before checking for 
existent local memory. The response depends only orl the first two 
conditions. ) 

NOTE 
In the cue of local-miN, .lobat.hit. the .tate of the lLM EA.E bit i. 
iporecL 

If the map cache does not contain the needed Q22-bus mal' register, then 
the Q22·bus interface perfonns an asychronous DMA read of the Q22·bus 
map register h2fQre proceeding with the Q22 .. bus DMA tran-.sfer. 

348.1.1 Q22-bus Mlp Regfltera 
The Q22-bus map contains 8192 i'egisters (QMRs) that cent'Nt the 
mapping of Q22·bus addresses into main memory. Each re~8ter maps 
a page of the Q22·bus memory space into a page of main me\'l\ory. These 
registers are implemented in a 32 Khyte block of main memc'ry, but are 
accessed t.hrough the CQBIC chip through a block (tf addresse-s in the VO 
page. 

The l~..al L'O space address of each l"egistsr was chosen 80 that register 
address bits <14:2> are identical to Q22-bus address bits <21:~1> of the 
Q22-bus page which the register maps. Table 8-16 lists the Q2'2-bllS map 
registers. 
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QMR Q2t.bu. Adclr ..... ", 
A.d..... M.pped (Hes) 

~OO8 

HOOO 
2()O8 
80(J4 
2008 
8008 
2008 
800C 
2008 
8010 
2008 
8014 
2008 
8018 
2008 
SOle 

2008 
FFFo 
'2008 
FFF4 
2008 
FFFS 
2008 
FFFC 

00 0000 through 00 OIFF 

00 0200 through 00 03FF 

(X) 0400 through 00 05FF 

00 0600 through 00 07FF 

00 0800 through 00 09FF 

00 OAOO through 00 OBlt'F 

, 00 OCOO through 00 ODFF 

00 OEOO through 00 OFFF 

3F FSOO through 3F ' 
F9FF 
SF FAOO through 3F 
FBFF 
3F FCOO through SF 
FDFF 
SF FEOO through SF, 
FFFF 

Q22-hu. Adclxe ... '­
Mapped «(h,tal) 

00 000 000 through 00 000 771-

()() 001 000 through 00 001 777 

00 002 000 through 00 002 777 

00 003 000 through 00 003 777 

00 004 000 through 00 004 771 

00 005 000 through 00 005 177 

00 006 000 through 00 006 177 

00 007 000 through 00 007 777 

11774000 thrGugh 11174777 

17 775 000 through 11115 117 

11 776 000 through 17 776 777 

17 776000 through 17 777717 

The Q22-bus map registers <Qf.fRs) have the format shown in 
Figure 3-36. 

o 

I-I 
Figure 3-36 Q2'~.tMIa Map R4tg .... aw 



D.taBit 

<19:0> 

Architecture 3-87 

,------~------------------
V.tid ('/). lWad/write. WhGn. Q22·bul map regiater ia 
Nlec:ted by bits <21 :9> of the Q22.bus addre ••• the valid 
bit detennine. whether mapping i, enablfCl for that Q22· 
bu. page. If the valid bit ia let. the mapping is enabled. 
-.lnd Q22 .. bua addre •• " within the pageo controlled by the 
regiBter .re mapped into the main memof)- page detennined 
hy bits <28:9>. If th. valid bit 11 clear. th~ mapping regi&ter 
i& di.abled~ and th~ Q22-bu. interfa~ does not t"Mpond 
tel .ddr •• Ie,~ within that paf(e. 11tis bit is undefined on 
power· up and the negation of DCOK when th~ procel"or it' 
halted. 

Unu .. ~. The.e hits alway. read ail zero and must be 
writtf!n a~ zero. 

Addre •• bits <28:9>- Read/write. When a Q22.bus map 
regiater i~ .elected by a Q22·bua.ddretls. and if that 
regi.ter~& valid bit is ..et. t-h~n theae 20bittl are utted. as 
main memory addre •• bits <28:9>. Q22.bus addro'B bit. 
<8:0> are ulled as main memory addrels bita ..:8~O>. These 
hi" are undafined on powey·up and the negation of DCOK 
when the procHlOr i. halted. 

3.8.1.2 Acc .... ng the Q22-bua Map Reglat ..... 
Although tbe CPU accesses the Q22 .. bus map registers through aligned, 
masked longword referenceB to the local 1/0 page (addresses 2008 8000 
16 through 2008 FFFC lS)t the map actually resides in a 32 Kbyte block 
of main memory_ The starting address of this block is controlled by the 
contents of the Q22.bus map base register. The Q22·bus interface also 
contains a 16·entry, fully associative, Q22-bus map ca~he to reduce the 
number of main mem\1~y accesses required for ad~re8s translation. 

NOTE 
The 8)'.tem 80ftware _uat protect the pace5 of memory that 
COfttailt the Q22.bua map from direct aceoues that eon-upt ,he· 
map or eauae the entriH in the Q22"bua map cache to beeo.e' 
.tale. Either of thewe eOl1ditiona ret5ulta in the ineorreet operation 
of the Jllappma function. 

When the CPtT accesseathe Q22-bus map through the local 1/0 page 
addt'e8ses, the Q22-bus interface reads or writes the map in n~ain memory. 
The Q22·bua interface does not have to gain Q22-bus mastership when 
accessing the Q22-bus 1uap_ Since these addresses are in the local 1/0 
space. they are not accessible from tbe.Q22 .. bus. 
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On a Q22.bu& map read by the CPU, the Q22.bus interface decodes the 
local 1/0 apace address (2008 8000 through 2008 FFFC}. If the register is 
in the Q22·bus map cache, the Q22-bus interface internally resolves any 
conflicts betwNn CPU and Q22·bus tranSactions (if both are attempting to 
access the Q22·bu8 map cache entries at the same time), then return the 
data. If the tnap register is not in the map cache, the Q22·bus interface 
forces the CPU to retry. acquire the CDAL bus, perform an asynchronous 
D!tfA read of the map l'egi8ter. On completion of the read. the CPU is 
provided with the data when its read operation is retried. A map read by 
the CPU does not cause the register that was read to be stored in the map 
cache. 

On a Q22·bus map write by the CPU, the Q22 .. bus interface lat.ches the 
data. then on the completion of the CPU write, .lcquires the CDAL bus.. 
and performs an asynchronous DMA write to the map register. If the 
map register is in the Q22·bus map cache. then the Cam Valid bit for that 
entry win be cleared to prevent the entry from becoMing stale. A Q22 .. bus 
map write by the CPU does not update llny cached copies of the Q22 .. bus 
map register. 

3.8.1.3 Q22.axas Map cache 
To speed up the process of translating Q22 .. bus address w main memory 
addresses. the Q22·bus interface utilizes a fully associative. 16--entty, 
Q22·bus map cachet which is implemented in the CQBIC chip. 

If a DMA t~~n8fer ends on a page boundar); the Q22 .. bus interface ~il1 
pref~tch the ~~apping register required to translate the next page and 
load it into tb,t cache. before starting a new DMA transfer .. This ailowa 
Q22·bus b~oclr. mode DMA transfers that cross page boundaries to proceed 
witllOUt. del"y. The replacement algorithm for updating the Q22 .. bus map 
cache is firsr in first out (FIFO). 
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The cached copy of the Q22·bus map regilter is uled for the address 
translation proceu. If the requinJd map entry for a Q22·bus addrels 
<as detennined by bits <21 :9> of the Q22·bU5 addreaa} is not in the map· 
cache. then the Q22·bua interface u.ea the contents of the map bate­
register to acceu main memory and retrieve the required ent1")'. After 
obtaining the entry from main memory. tbe valid bit is checked. If it is 
llet. the entry iQ stored in the cache and the Q22-bus cycle continuel. 

The format ora Q22 .. bus map cache entry is as shown in Figure 3-37. 

33 J~ 2C !9 0 

F3 on-b~. A[)R<2' 9' : __ 4_2_~_-___ A_9 ____ --.... 

Figure 3-37 Q22~ _ CMhe Entry 

IMtaBit De8aiticNt 

Cam V.lid. When a mapping ftgiater ia .elected by a Q22· 
bus .. ddretl. the Cam Valid bit detenninel whether the 
cached copy of thf' -mapping regilter for that .ddN •• ia 
valid. If the Cam V.lid bit ilNt. the m~pping regilter is 
enabled, .net .ddr ..... v.ithin that page can be mapped. 
If the Cam V.l~d bit i. cl.at't the Q22.bua interface mUlt 
rNd the map in local memory tel determiM if the mapping 
regilter i. enablod. This bit ic cleared on power-up_ the 
negat.ion of DCOK when the procetllOr il halted. by letting 
the Q22.bu5 map cache in,".lidate.n <QMCIA) bit in the 
interprOCfllOr COl'llmunieation regilter. on writes to !PR 55 
(IORESET), by • write to the Q22·bul map bale regilter. or 
by writing to the QMR that i. being cached. 

QBUS ADR. The&e bita contain the Q22.buB addreu bita 
<21:9> oftheo page that thia .ntry mapa. This ia the content 
add ... _ble field cf th~ 16"entry cache for determining if the 
map regiater for a particular Q22·bul .ddrela i. in the- map 
cache. Th ... bits an undefined on power-up. 
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naqBit 

Addretcs bit. (A2S.A9J. When a mapping l'egiater 18 .elected 
by a Q22-hus acfdrt' .. 5. and if that regilwT·s Cam Valid bit 
15 Nt, then th~~ 20 bits are uved a~ main memory addrea8 
biu 28 through 9. Q22-buli addre., bitl 8 through 0 are 
ulftd al local memory addre.a bits 8 through 0 Theile- bita 
.r~ undefined on power-up. 

3.8.2 CDAL Bus to Q22-bus Addr ••• Translation 
. CDAL bus addresses within the local Q22·bus I/O space, addre.ses 2000 
0000 16 through 2000 IFFF 16. are translated into Q22·hus 1/0 space 
Rddrt!sses by using bits <12:0> of tile COAL address as bits <12:0> of the 
Q22 .. bus address and asserting BBS7. Q22-bus address bits <21:13> are 
driven aft ~eros. 

COAL bus addresses within the ~~al Q22-bus memory space. addresiles 
3000 0000 16 through 303F FFFF 16, al'e translated into Q22 .. bus memory 
space addresses h~' uSIng bits <21:0> of the COAL ~ddress as bits <21:0> 
of the Q22 .. bus address. 

3.8.3 Interprocelsor Communication Rligist.r 
The interp':'O<.."essor ~ommunlcation register (IPCR)t address 2000 IF40 16, 
lS u 16·blt re~~Kter ""hich resides in tht- Q22 .. bus lIO pag~ address space 
.lnd can be accessed b)' any de\'ice which can becon~e Q22 .. bus mester 
(includtng the KA655 itself). The IFCRt impiemer.ttf=-d in the CQBIC chip, 
is byte accesRible,. meaning that a write byte instl-uction can write to 
elther th·~ low or high byte without affectlng the o\\her byte. 

Tht·IPCR als<~ appears at Q22 .. bus address 17777 500 ,Figure 3-38). 
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1; 14 t;l 9816.&4 ! 0 
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Figure 3-3a In''I'JH~''or COmmuniCation Reg ...... 

<15:> DMA QME. DNA Q22·bua acidrete .~ce memory error. 
Rod/write to el .. r. Indicawl that an .nor occurred when 
• Q22-bu6 d~vic~ w ... attempting to fMd main memory. 
It .eta if DMA. ,yetem ettor regi8~r bit DSER<4> (main 
memory etTOy) .. ~. or the CDAL but timer .xpirel. The 
main memory error bit indicate. that an unconectable error 
occutted when «n external device (or CPU) ~.~ .cc ... ing 
the KA655 local memory. The CDAL bua timer expiring 
indicates that the memery controller did not ".pond when 
the Q22-hua intenaee initiated a DNA tr~nifer. Cleared 
by writing a 1 to it. en POVl4ltl'-Up by the negation of DCOK 
~"ht'n the procellOT halta, by write. to IPR 55 (lORE SET). 
and whenever DSER<4> clean. 

Q22·bua invalidate all (QMCIA~. Write only. Writing. 1 to 
thia bit cl •• ri the Cam V.Ud bita in the cached copy of the 
mop. Alway. read •• a lero. Writing a 0 h •• no effect. 

UnUHd. Read •• zero.. Muat be v.aitten •• zero •. 

Re .. "~ for DIGITAL UN. 

UnUHd. Read •• ~ero. MUlt be written .. zero. 

ReM"" for DIGITAL Ute. 
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<4:1> . 

~1 m!IJmor.:: external ~cce.a enable- (LM EAE~. Readlwrite 
when the KA655 ia Q22.bult m •• ter. Re~ only when 
another de\'iCfJ itl Q22-bul m •• ter. Enables external accels 
to local memory when Nt (through the Q22 .. hul map). 
Cleal'ed on power-up and by the negation of DeOK when 
the proatlaor halts. 

Unuied. ReMd a8 zero~. Must ~ written as zero •. 

Reienred for DIGITAL Ul'f'. 

3.8.4 Q22-bus Interrupt Handling 
The KA655 responds to interrupt requests SRi ... ytith the standard Q22. 
bus internlpt acknowledge protocol (DIN followed by IAKt The console 
serial line unit. the programmable tinters. and the intt1rpr'Ocessor doorbell 
request interrupts at IPL 14 and have priority over all Q22·bus BR4 
interrupt requests. After responding to any interrupt request BR7 .. 4, the 
CPU sets the processor priority to IPL 17. All BR7..-4 jntelTuptt"equea~s 
are disabled unless 80ft-ware lowers the interrupt priority level. 

Interrupt requ(7sts from the KA655 interval timer are handlea db"et;:tly 
by the CPU. Inte·rval timer interrupt requests have a highei~ priQrity 
than BR6 interrupt requests. After reaponding to an in~~n·al timer 
inte:-rupt request, the CPU sets the processor priority to IPL 16. Thuss 
BR7 interrupt requ.ests remain enabled. 

3.8.5 C'ontiguring the Q22-bus Map 
The KA655 implementG the Q22~bus map in an 8K longworcL (32 Kbytes) 
block of main memory. This map must he configured by thE~ KA655 
firmware during a processor. initialization by writing the batJe address 
of the uppennost 32 Kb~ltes blo<!k of good main melnury in~o th·e Q22·bus 
map base register. The base of this map Tnust be locawl on a 32 Kbyte 
boundary. 

NOTE 
Thia 32 Kbyte block ot _n meDl.ory m .. at be prot~ted by the 
ayatemliOftware. Thr onl,. aceeH to the map C4hould be throuah 
loeal 110 pqe addreue52008 8000 16 throuch 2008 FFFC 16" . 



3.1.5.1 Q22-1M1s YIp ... Aden .. Rttgletlr 
The Q22·bus map bale addre.s negi.,ter (QBMBR). add,". 2008 0010 16. 
contTOts the maIn memory hlCAtion in the 32 Kbyte bluck of Q22-bua tnap 
reg-~aierl. 

This r~dlwrite regiJlter is acceeaed by the CPl1 on a longword boundary 
only. Bits <31:29.14:0> are unuled and .howd be written aa aero and 
returns to zero when Had. 

It. Wl'ite to the map balle regi!JteT fluahes the Q22.bus map cache by 
clearing tne Cam V.lid bits in all the entriH. 

The content. of this register are w1defined on power-up and the negatiun 
of DCOK wh'-'n the pracellOr halts. It is not affected b.y BINlT heine 
aSlierted on th~ Q22-hus (Figure 3-39). 

~. ;.-~ ;'8 c 

r~I~--------------~----·--------'·--------~ I' \tAP fl~~[ I t.iaz 

3.8.6 System Configuration Register 
The system configura,ion regi,ter (SeR), addreu 2008 0000 16. contain .. a 
SHALT en.hie hit and a power ok ft.,,, 
The system configuration register {SeR) is longword. word. and byte 
accessible. Programmable option fields clear on power-up and by the 
negation of DCOK when the prOCC81Or halts. The fonnat of the SeR 
register is shown in Figure 3--40 .. 
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FI'gur. 3-40 System Cunfigurat'lon Register 

n.c. Bit 
------------------------------------------------------------_.----
<31~16> 

<:15> 

<to'> 

\1 n\l"~d. R~nd ~It ~.ro. ,.{~u~t he written al' zerOe 

Power ok (PC)KJ. Read only. Write~ have- 110 .!Teet .. Set lf 
th .. Q22·1luR BPOK ~igna! n" .. ert" and <'te"t1I ifit n~:\te ... 
('lenred on POWt"t'~up and by the negation of DCOK when 
the- processor hlllttl. 

SHALT enable cSHALT EN), Read/write Controlll the efTeet 
t·h ... Q22-buR BHALT ~ignal hft8 on the CPU. When ... t. 
R" .. ~rt·ing th~ Q22-buft BHALT fiiln.l halt« the CP'U IItnd 
Ut4f4ertM DSER<15>~ Wh~rt,c!eaTed. the Q22·b1.1r; BHALT 
RiRtlRl hAl' no E'tfect. {~tf'ared on power·up .0<1 by the 
i't'f(ntion ofDCOK wht'n the proce.ulorhaitw. 

lrn'1.u~d. R~nd nit z~ro. a{UNt l~ writt.en lUI zero. 

Re~e"ljd for DltllTAL UKt-o 



Da'ta Bit 

<6:4> 

<3:1> 

Action on DCOK negation. Readlwriu. When cleared. the 
Q22·bu5 intenac:e .!lNn. SYSRESE'r causing a bardware 
'8et of thf! board and control to be ~tt8ed to tbe :-.. ident. 
finnwaf'~ through the hardware luIlt procedure with. halt 
code Qr 3 wh~n DCOK 18 negated on the Q22.bu ... When Nt. 
the Q22.bufl interface .... em HALTIN (c.auaing control to 
be p~ulHd to the t'eAident firmware thf'Ough the hardware 
halt pr~ure with a halt code 0(2) when DCOK ia neg.t~ 
on the Q22 .. buA. Cleftred on power-up and tbe- nesation of 
DCOK w~ .. n t.he- pl'OCeRl'Or h .. ltM. 

IJnu .. ed. Read ~s zero. MU!lt ~ writ~n." lero. 

ReHn'ed f'lr DIGI'l~ UI't!'. 

U ntiMed. Read ~K O. Mu~t be written as ,em. 

3.8.7 DMA System Error Register . 
Th~ DMA 8y~tePl error register (OSER). addreft8 2008 0004 16. is one of 
three registers a3!ociated with Q22·bus interfs.:.ce error reporting. These 
registers are located in the local VAX 1/0 address .pa(~e and can only be 
acce8Med hy the local proceS4JO'f. 

The DMA!'lystem ttrror register is implemented in the CQBIC chip, and. 
logg main memory errors on DMA transfers. Q22~bus parity etTOr3. Q22 .. 
bus nonexi8kot memory t'rrors. and Q22-bus no grant errol's. 

The Q22·bu8 e\TOr address rE'gister contains the address of the page in 
Q22 .. bu8 space' which caused a parity error during an access by the local 
proce~f4(lr. Thf' DMA error addr~ss regifo\ter contains the address of the 
page in local mptnory which caust'd a memory error during an .aceess 
by an external device or the pr\1CeSSOr during a local-miss global.hit 
transaction. An access by thE' local processor which the Q22 .. hus interface 
maps into main memory pr(~'!idt's error stntus to the processor when the 
procef!Ul0r does a t'etry for a read local-miss global-hit. or by an intetTUpt 
in tht" caA~ of a local-miss glohal·hit \vritt'. 
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The DSER is a longword~ word. or byte accessible read/write register 
available to the local processor. The bits in this register are cleared to 0 
on power-up by the negation of DCOK when the processor halts. and by 
writes to IPR55 (IORESET). All bits are set to 1 to record the occurrence 
of an event. They are clea'red by writing a 1. Writing zeros has no effect 
(Figure 3-41). 

~ . "S ,~ T3 12'~ 10 9 8 ~ 5 S 4 3 2 1 0 

I '.494." I J I Me? I 101 I 1 I loJ I 
t.~'i ,~ ........ . ~Jt~.{'''t:1 I I 
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Figuire 3-41 DMA System Error Reglatti-r 



Data Bit 

<31:16> 

<15> 

<13:8> 

<.7> 

<4> 
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Definit.ion 

Unuaed. Read as zero. MUlt he written afl zero. 

Q22-bus BHALT detectfJd. Read/write to clear. Seta when 
the- Q22.bus interfac~ de~ta that the Q22.bus BHALT line 
was •• ~rted and SCR<14> BHALT enable is set. Cleared 
by writing a 1. (In power-up by the negaticn (\fDCOK wh~i1 
the processor is halted and by write. to IPR 55 (IORESET). 

Q22.bus DCOK negation detected. Read/write to clear. Set 
when thta Q22·bu8 interface detects the negation of DCOK 
on the Q22.bu8 and SCR<7> (action on DCOK negation) is 
set. Cleared by writing a 1. on power-up by th~ negation 
ofDCOK when the processor halts and by writes to IPR 55 
< IORESET). 

Unused. Read as zero. Muat be written as zero. 

Ma8~r DMA ~"XM. Read/writ,(! to clear. Sets when the 
CPU penormu a demand Q22.bua read cycle or write cycle 
that does not repiy after 10 )l8. Not .et during interrupt 
acknowledge cycles or request read cycles. Cleared by 
writing a 1. on power-up. by the negation Clf DCOK when 
the processor halta and hy writes to IPR 55 (IORESE'T). 

Unused. Read as zero. Must be written as zero. 

Q22-hus parity error. Read/write to clear. Sets when the 
CPU performs a Q22 .. bus demand ~ad cycle which returns 
a parity erraT. Not aet during interrupt acknowledge cydes 
or request read cycles. Cleared by writing a 1. on power-up. 
by the negation of DCOK when the procellor halta and by 
writes to IPR 55 (IORESET). 

Main memory error. Read/write to clear. Sets if an external 
Q22·bu& device or local-miss global"hit receives a memory 
error while Teat~~ng local memory. The IPCR<lS> reports 
the memory error to the external Q22·bua device. Cleared 
by writing a 1. on power-up, by the negation of DCOK when 
the processor halta and by writes to IPR 55 (lORESET). 
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DMta Bit 

<1> 

Definition 

Lost error. Read/write to cleaT. Indicates that an error 
address has been lost because of DSER<7.5.4.0> having 
been previously set and a subsequent error of either type 
occurs that would have normally captured an address and· 
set either DSER<7.5.4.0> flag. Cleared by writing a 1. on 
IJower·up, by the negation of DCOK when the proce·s8or 
hults and by writes to IPR 55 (!ORESET). 

N()- grant timeout. Readlwl-:te to clear. Sets if the Q22-
bus does not return a bus grant \\oithin 10 ms of the bus 
request from a cPt) demand read cycle. or write cycle. Not 
set during interrupt acknowledge- or reqilest read cycles. 
Cleared by writing a 1. on power-up. by the negatiC'n of 
Df!OK when the processor halts and by writes to IPR 55 
({!. 'RESET). 

UnuHed. Read as zero. MU3t he written as zero. 

DMA ~'XM. Read/write to clear. Sets on a D~1A transfer to 
a nonexistent main memory location. Include~ local·mis~ 
global-hit cycles and map accesses to nonexistent memory­
Cleared by writing a 1. on power-up. by the negation of 
DCOK ",'hen the processor halts and by writes to IPR 55 
(IORESETJ. 

3.8 .. 8 Q22 .. bus Error Add.ress R(.iJister 
The ~22-bus error address register (QBE~\R), address2Q08 0008 16. is 
.a read only~ longword accessible register ·.¥hich is implemented in the 
CQBiC chip. Its contents are valid onl), if DSER <:5> (Q22-bus parity 
error) is set or if DSER<7> (Q22-bus tilneout) is set. 

Reading this register when DSER<5> and DSER·~7~" are clear returns 
undefined results. Additional Q22 .. bus pa.rity errors that could have set 
DSER<5> or Q22-bus timeout errurs that could havE' caus~d DSER<7> to 
set. cause DSER<S> to set. 

The QBEAR contains the address ·of the page in Q22 .. bus space which 
cuus.ed n parity error during an access by the on-board Cp·U which set 
DSF~R<5> or a master timeout which set DSER<:7>. 
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Q22-bus address bits <21 :9> are loaded into QBEAR bits <12:0>. QBEAR 
bits <31:13> always read as ?oems (Figure 3-42). 

Figure 3-42 Q22·bus Error Address Register 

NOTE 
This is a read only register. If a ",'lite is attempted, a machine 
chec\. generates. 

3.8.9 DMA Error Address Regis{er 
The DMA etTor address regi~ter (DEAR). address 2008 OOOC 16t is a read 
only. longword accessible register \\'hich is implemented in the CQBIC 
chip~ It contains valid information only when DSER<4> (main menl0ry 
error) is set or \\'hen DSER<O> (DMA NXM) is set. Reading this re~ister 
\\·hvn DSER<:4:> and DSER<O> are clear returns undefined data. 

The DEAR contains the map translated address of the page in local 
n1emory ",·hich caused a memory error or nonexistent memory error 
during an access by an external dc\ice or the Q22-bus interface for the 
CPlT during a tocal·miss glohal-hit transaction or Q22·bus map access. 

The contents uf this register are latched when DSER<4> or DSER<O> 
sets. Additional main memory errors or nonexistent memory errol"s have 
no effect on the DEAR until software clears DSER<4> and DSER<O>. 

l\,tapped Q22 .. bus address bits <28:9> are loaded into DEAR bits <19:0>. 
IlEAR bits <31:20> always read as zeros (Figure 3-43). 

\ 

I 
Figure 3-43 DMA Error Address, R~glster 

NOTE. 
This is • read only register. If a ,,:rite is attempted. • machine 
check. Il'nerate&. 
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3.8.10 Error Handling 
The Q22-bus interfac~ d()(!s not generate or check CDAL bus parity. 

The Q22-bus interface checks all CPt: Teferences k~ Q22 .. bus memory and 
110 spaces to ensure that nothing but masked and unmasked tongword 
accesses are attempted. Any other type of reference causes a machine 
check abort to initiate. 

The Q22·bus interface maintains several timers to prevent incomplete - . 
liC<..-eSSes from hanging the system indefinit-ely. These include a 10 J.1S 
nonexistent memory timer for accesses to the Q22-bus memory and 110 
spaces. a 10 ps no sack timer for acltnowledgment of Q22·bus DMA 
grants, and a 10 ms no grant timer for acquiring the Q22 .. bus. 

If there is a nonexistent memory C1'.'XMl error (10 JlS timeout) while 
accessing the Q22 .. bu..c;; on a demand read ref~rence: the associated row 
In the first-level cache is in\'alidate<i; DSER<7> is set; the address of the 
Q22 .. bus page being accessed is captured in QBEAR<12:0>; and a machine 
check abort is initiated. 

If t~'lere is a NXM errol" on a prcfetch read, or' an inten~pt acknowledge 
vector read. then the prefetch ur interrupt acknowledge reference aborts 
but no information is captured and no machine check occurs. 

If there is a l'.'XM elTOr on a masked write reference: then DSER<7> 
sets; the address of the Q22-bus page being accessed is captured in 
QBEARc::12:0>; and an interrupt generates at IPL 1D through vector 
60 16. 

If the Q22 .. bus interface does not re~ejve an aCkntlv.aledgment within 10 ps 
after it has grant.ed the Q22-bus: th~~n the grant is withdrawn: no errors 
are reported: and ~he Q22 .. bus interfacE waits 500 ns to clear the Q22-bus 
b"TCtot daisy chain before beginning arbitration again. 

If the Q22 ... bus interface tries to obtain Q22 .. bus mastership on a CPU 
demand read reference and does not obtain it Ytithin 10 ms: the 
ussociated row in the first-level cache is in\·alidated; DSER<2> is set; 
nnd a machint- check abort is initiated. 

The Q22-bus interface also monitors Q22 .. bus signals BDAL<17:16> while 
reading tnfonnation over the Q22 .. bus so that parity errors detected by 
th~ de\'icebeing read from arc recognized. 
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If 8., parity error is detected by another Q22·bus device on a CPU demand 
re6: J reference to Q22 .. bus nlemory or 1/0 epece: ~the associated row in 
the first-level cache is invalidated; DSER<5> is Ret; the addrCDs of the 
Q22·bus page being Qccealed is captured in QBEARcI2!O>: and a machine 
check abort is initiated. 

I f a parity error is detected by another Q22·bus devi(.~ on a prefetch 
request read by the CPU: the prefetch aborts: the associated row in the 
fb-st .. levei cache is 1 rlvalidat.ed: DSEJ.t<5> is let; the addrees of the Q22 .. 
bua page being accessed is captu~~ in QBEARc12:0>. but no machine 
check is generated.. . 

The Q22 .. bus intel'i'ace also monitors the backplane BPOK signal to de~t 
power failures. If BPOK negates on the Q22 .. bus. a power-fail trap is 
generatt.'<i. and the CPU traps through vector OC 16. The state of the Q22 .. 
bus BPOK signal reads from SCR<15>. The Q22-bus interface continues 
to operate after generating the power-fail t\"ap, until DCOK negates. 
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KA655 Firmwarel 

This chapter describes the functional operation of the KA655 finnware. 
The flnnware is VAX-II code that resides in ROM on the KA655 module, 
and gains control whenever the onboard CPU halts, or more precisely. 
performs a processor restart operation. A halt means only that control is 
tl"ansferred to the firmware. It does not mean t.hat the processor actually 
stops executing instructions. 

4.1 KA6SS Firmware Features 
The finn ware is located in one 128 Khyte EPROM on the KA655.. The 
KA655 firmware provides the following services: 

• Diagnostic tests execllted both at power .. up and by request, which test 
aU components on thE~ board, and verity ihe correct operation of the 
CPU and memory mo:lules. 

• An interactive oommandlanguage that allows the user to examine 
and alter the state of the processor~ 

• Automatic/manual bootstrap or restart of an operating system 
following processor halts. 

.. Support of variQus tem'1inals and devices as the system console9 

• Multilanguage support for displaying critical system nlessages and 
handling I .. K201 country specific keyboards. 

4-1 
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4.1.1 Hallt Entry, Exit, and Dispatch 
The halt entry code is entered following sy~'tem halts~ resets. or severe 
errors. The main purpose of this code is to tlave the state of the machine 
on halt entry, transfer control to th~ firmware dispatcher, and restore the 
state of the machine on exit to program I/O mode. 

Naturally, the halt exit code is entered whenever a transition is desired 
from halted state to the running state and it perfonns a restoration of the 
saved context prior to the transition. The baIt dispatcher determines the 
nature of the halt, then transfers control to the appropriate code. 

4.1.1.1 Halt Entry • saving PrOCHaOr Stat. 
The entry code. residing at physical address 2004 0000, is executed 
whenever a halt occurs. The processor \\rill halt for a '·ariety of reasons. 
The t'eason for the halt is stored in PR$_SAVPSL<13:8>(RESTART_ 
(~ODE), IPR 43. A complete list of the halt reasons and the associated 
messages can be found in Table 4-10 in Section 4.8. PR$_SAVPC. IPR 42. 
contains the value of the PC when the prOCeS'iOF is halted. On apower-l,lp. 
PR$_SAVPC is undefined. 

One of the first actions the finn\\'are does after a halt is save the current 
LED code. then it writes an "E" to the diagnostic LEDs. This act.ionoceurs 
",:ithin several instructions upon entry into the finnwal"e .. The intent of 
this action is to let the user knoy; that at least some instructions have 
been successfully executed. 

The KA655 firmware unconditionally saves the following regigters on any 
halt: 

• RO through R15, the general purpose registers 

• PR$_SAVPSL. the Raved PSL register 

• PR$_SCBB, the system control block base register 

• DLEDR. the diagnostic LED register 

• SSCCR. the sse configuration register 

• ADxz..~CH & ADdISK. the sse address match and mask registers 

NOTE 
The sse proer_mmable timer !'eIisters are Dot .. "eeL In aome 
aa~ auch •• bootatrap, the timen are ulleCl by the firmware aDd 
previous "time" COlltext i. la.t. 
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Several registers are unconditionally set to predetermined values by the 
finnware on any halt, processor initialization or bootstrap. This action 
ensures that the firmware its~If can r~ and protects the board from 
phys3cal damage. 

Registers that fall into this category are: 

• SSCCR, t'te sse configuration register 

• ADxMCH & ADxMSK. the sse address match and ulask registers 

• eSTeR. the CDAL bus timeout control register 

'. TIVRx, the sse timer interrupt vector registers 

On every halt entrylt the firmware sets the console serial line baud rate 
hased on the \'alue read from the BDR and extends the halt protection 
fl"Om 8 Kbyte to 128 Kbyte to include &11 of the EPROM. 

4.1.1.2 fililt Exit· Rotorl"; Proceuor state 
When the finnware exits. it uses the currt;!ntly defined saved context. This 
context is initially detennined by what is saved on entry to the n4-rtlware. 
and nlay he modified by console commandst or automatic operations such 
as an automatic bootstrap on power·up. 

When restoring the context. the fimlware ¥till flush both caches if enabled~ 
and irt1"6lidate all trans!ation buffer entries th~ough the internal processor 
register PR$_TBIA. IPR 51. 

In restoring the context, the console pushes the user's PSL and PC onto 
the user "s interrupt stack. then executes an REI from that stack. This 
implies that the userWs ISP is valid before the nnn\\·are can exit. l'his is 
done automatically on a bootstrap. However. it is suggested that the SP is 
set to a "'alid memory locaticn before issuing the START or CO~TTINUE 
command. Furtherrllore. the user should validate PR$_SCBB prior to 
executing a NEXT command. since the finnware utilizes the trace trap 
vecto,· for this function. At power-up, the user ISP is set to 200 (hex} and 
PR$_SCBB is undefined. 
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4.l.1.3 Halt Dllpatch 
The action taken by the finn ware on a hatt is dependent primarily on the 
following information: 

• TIle halt enable switch. BDR<1>CHALT_ENABLE> ' 

• The halt action field. CPMBX<1:0>(HALT_ACTION) 

• The halt code. PR$_SAVPSL<13:8>(RESTART_CODE}. in particular 
the power-up state 

In general. the halt enable switch governs whether external halt 
conditions are recognized by the KAS55. The halt action field in the 
console program mailbox, is a two bit field used by operating systems to 
force the finnware to enter the console, restart, or reboot following a halt. 
regardless of the setting of the halt enable switch. The halt (or restart) 
code is automatically deposited.in PR$_SAVPSI.1 on any processor restart 
operation. The action taken on a halt is summarized in 'Iable 4-1. 

T.~4-1 Halit Ac~lon Sunwn..., 
H.Jt Halt 
Eaable Power-Up ActioD 

T T x 
T F 0 
F T x 
F F 0 

" F 1 
x F 2 
x F 3 

'T" u"beatea that the tonditlOtl 15 tnae. 
"F" indlc.t.N that. the eOncUuon is fal •. 
. ~ .. Indlcates t1wt the- c:onclition ,. '"don't car~··. 

Actiolt 

diagnoatics. halt 
halt 
diagnoltiCfI. bootatrap. halt 
rftt.rt. bootatrap. baIt 
relt.art. bfllt 
bootltrap, halt 
halt 
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Multiple actions mean thllt the first action is taken and only if it fails is 
the next action taken. Diagnostics are an exception. if diagnostics fail. the 
conlOle is entered. 

~uae the KA655 does not support battery backed up main memory. an 
operating system restart operation is not attempted on a power-up. 

4.1.1.4 ExtMnII fUIta;, 

Several conditions can trigger an- external halt (PR$_ 
SAVPSLc13:8:>(RESTART_CODE) = 2). and different actions aTe taken 
depending on the condition. 

An external halt can be callied by: 

1. Presldng BREAK on the system console tenninal t if the break enable 
switch is eet to enable. 

2. Assertion of the BHALT line on the Q22·bua, iftl1e SCR<14,(B~IALT_ 
ENABLE) bit in the CQBIC is tlet. 

3. Negation of DCOK. if the SCR<7>(DCOK_ACT) bit is let~ 

NOTE 
The .witch l.beled RESTART on lIO~e' BA213 arid BAIlS .y~m 
enclCMurM n.,.atcetl DCOK. The 1'-tea:aiioD of DCOIt may .1eo be 
.Merted by the DEQNA unity timer, or .-my other Q22.bul module, 
tllat chOOllea to implement the Q22·bua retltartlreboot protocol. 

4.1.2 Power-Up 
On a power-up, the KA655 firmware perfonntt actions that are unique to 
this condition.. Among theae actions are initial power-up teats. tocatinfl 
and identifying a console device. language query, and the remaining 
diagnostics. Certain ections are dependent on tbe state of the mode 
switch on the H3600 .. SA panel which has three settings: test. qllery. and 
normal. This eection describes the sequence of events which occurs on 
power·up. . 
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4.1.2.1 InfiJal Powr.Up Teet 
The fir.lt action perfonned on power-up is the initial power·up teat 
cIPT). 'l"he p~ of the IPI' ia to verify that the console pri"Jate 
NVRAM is valid and if invalid to test and initialize the NVRAM. 
Prior to checking the NVRAM. the IPr waits for power to stabiljze by 
monitoring SCR<5>cPOK). Once power is stable, the IPT then tests to 
lee if the ~c'kup batteries failed during the power failure by checking 
SSCCR<31:>(BLOt If the bAtteries failed, then the IPr win initialize 
certain non-volatile data. such as the default boot deVice. to a known 
state. In any caae, the IPT then initialixes other data structures and 
performs a procesltOr initialization. If the the mode switch is set to test.-··· 
the 1FT then ~Its the conaole aerial line as described in Section 4.1.3. 

NOTE 
All 1PT fait\U'M are eOJlaidered fatal, .ltel the KAf1S5 win appear 
to IIarv with a value on the LED. indieatin. the point of failure. 
ReteI' to 1i\ble 4-2 for the meaniq or the LED .. 

4.1.2.2 locat1ne • ConIOle DlvlC*' 
Aner the 1M' has completed successfully, the firn'lware attempts to locate 
a console device and find out what type of device it is. Normally. this is 
the device itttached ~ the collscle aerial line. In this case, the finnware 
will Mend out a device tlttributes escape sequence to the console aerial line 
to determine the type of tenninal attached and the functions it supports. 
Terminals that do not respond to the device attributes request correctly 
~re aSRumed to be hardcopy devices. If a QDSS device is present. it ia 
uHed as the primary console de,ice. 

NOTE 
If • QDSS cleviee i. prNentt it ia ... u.mecl that the Q22.bus 
interrace is woraiDe. At thia point in the tina ..... tile Q22-bu. b .. 
not yet beeR· tMtecL hy faulta 011 Q22.bua device. may prevent 
ClttTeCi operation of the eonlOle. 

Once a console device has been found. the firmware displays the KA655 
banner message. similar to that displayed belo\\\ 



The banner meflsage contains the pr~.lOr name. ihe version of the 
firmware, and the version ofVMB .. The letter code in the flnnware version 
indicates whether the finnware is pre .. field telt ex"}, field teat (tiT") or an 
official release C'V" J. The first digit indicates the major retealle number 
and the trailing digit. lndicat~s the mitlor rele.se number. 

Next. if the desIgnated cotllOle device supports DEC mutlinational 
character 80t (Mes) and either the battery failed during power failure 
or the mode sWItch is let to query, the firmware pr()mpt& for the console 
language. The firmware fint displays the language selection menu shown 
in Exatnple 4-1 in Section 4.1.4. 

After the language query. the firmware invokes the ROM·based 
diagnnstics, and eventually displays the console prompt. 

4.1.3 Mode Switch Set to TNt 
If the mode s\I,itch is let to test .. the console serial line ~xternalloopback 
test is ~~ecuted at the er~d of tht" IP"f. The purpoae of this teat is to verify 
that th~ cansnle sentlI line connections from the KA655 through the 
H36O()·SA parte! are intact. 

NOTE 
An enemal loopbook eonnector ahou1cl be ineeriecl in the _rial 
tin~ Cf."4,n~to·~ ~l~ the H3BOC).SA PIlnel prior to eyelinc powc~ to 
invoke "'''i5 '"t. 
During this test. the firmware togglc$ between two stat". active and 
passive. each a few set.'Onds long and each displaying a different number 
un the LEO·a. 

During the active state (about 3 seconds long>. the LEDs are set to 6. 
In this state. the nnn"'2re reads the baud rate ~nd mode swit~h. then 
transmits and receives a character sequence. If the mode switch has been 
moved from the test position. the firmware exits the test and continues as 
if on a normal power-up. 

During the passive state {ahout 7 seconds long:, the LEDs are set to S. 

If at any time the firmy.-a1"e detects an en-or (parity. framinc:. overflow. or 
ntl characters). the firmware hangs with a 6 on the 14EDs .. 
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4.1.4 Mode Switch Set to Query 
If the mode awitch is set to query (or the firmware detE.'Cts that the htlttery 
failed during a power lo8s)t the firmware queries the Ul\er for a language 

-which is uaed for dilplaying critical system melsages. 

The language query menu is .hown in Example 4-1. If no response is 
reeeived within 30 IeCOnds. the language defaults to English (United 
StatealCan~da). 

NOTe 
This action ia only taken if the cOftlOle devic-e .upporW DEC MeS. 
Any con801e devi~e 'that doe. )tot aupport DEC MOS, a"eft ... 
VT100, def.ult. to E1IIU.Jt (Vnitocl StaterICanada). 

After this lnquiry. the firmware proceeds as if the mode switch were set to 
normal t as described in Section 4 .. 1.5. 

l} Dansx 
:) D~utsch (Deutschland/Osterreich) 
3) t'~utsch (Schwei %) 

4) English (United Kingdom) 
5) En~lish (United States/Canada) 
6) ~spaflol 

7> Fran~ais (Canada) 
8) Fran~ais (Franc~/2&lgique) 
9). Fran9ais (Sui$se) 

10) Italiano 
1I} Nederlands 
12) Nor;~k 

1.3) Portugues 
14) Suomi 
lS) Svenska 

(1 •• 15): 

Example 4&-1 lMgUllge SelectIOn Menu 



4.1.5 Mode Swi1ch Set to Normal 
If the mode 8eJected is nonnal. then the ne)(t step in the power-up 
Mequ~nce is kl eXe<!ute the bulk of ROM·baated diagnoltics. In addition 
to message text. at cl)untdou'n is eli.played to indicate diagnostic teat 
progre... A Ruccetllful diagnOitic countdown il shown in Example 4-2. 

~~rform~ng nerm.~ ~y$tem t~st$. 

40 •• 34 •• 3S •• 3- •• 3€ •• l! •• 34 •• 33 •• 3~ •• 3:.,30 •• 29 •• 2a •• ;- •• ~( •• ;~ •• 
~ 4 •• ~ ~ •• ;.; • . ~ l •• ~ 0 •• 1 ~ •• 19 •• 1 ..... 16. • l~; •• 1 ~ ... l3 •• :.;. •• :!. •• : (. •• (' ~ .• 
08 •• 07 •• 0f •• O~ •• 04 •• 03 •• 
Tests coroflet~d. 

Ex....." .. 4-2 Normal Diagnostic Countdown 

In the case of diagn06tic failures" a Qiagn08tic register dump is performed 
similar to that shown in Example 4-3. Depending on the failm-e. the 
remaining diagnostics may execute and the countdown continue. For a 
detailed deKTiption of the register dump refer to Section 4.4. 

f~rfctm4ng no~~al system t~$ts. 
40 •• 3~ •• 38 •• 3~e.36 •• 3S •• 34., 

734 ; os FF (Ie 0000 

fl=OOUOOOOO 
?t·=FFFf'FFFF 
rO=(I('ll4B98 
r~)=(I(JOO(j noo 

f:=00000003 F3=00000031 
Fry~oooooooo pe~oooooooo 

rl~rFrFFFFF ~2~200~02FO 
r~=AA~ r~~OOOOOOOO 

33 •• 3; •• ~: •• 30 .• ~9 •• 28 •• ~7 •• 2' •• :t .. 

P4~OOOOOCll P~=0000200C 
pg-OOOOOOOO P10.~005438F 
r3x~55~S!·S!' .4-AAAMAAJ­
ra~ooooooo~ £~FceOOOCle~ 

;4 •• ;3 •• =~ .. ~1 •• ~O •• 1~ •• 18 •• 1~ •• 16 •• 1S •• 14 •• 13 •• 12 •• 11 •• 10 •• ~~ •• 
08 •• 0~ •• O€ •• O~ •• 04 •• 03 •• 
Normal ope:::at.on not po:;.sibl~. 

Example 4-4. Abno1'fMl Dlagnoltlc COUntciown 
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1 f tht- diagnostics hav(t succ~ssfuny completed and halts art! enabled. the 
1tmlWare dIsplays the console prompt, »>. and enters console 1/0 mode. 
If the diagnostics have succ~sRfuny conlpleted and halts are disabled. the 
finn-n'are atteropts tu boot an operating system {E~ample 4-iJ. 

:40(·it ! l%'~ ~yst elf. S~ ftwar6. 
r.~ ~iE!!au~t l·oct l"le·,·lC(-o has Vft~r. ~F~Clfl~d • 

.. :.: ~;, ( , (I r- - !) ( . - ."' fo - l ~ • ~ r: - a;; ) 
o : • of~ ·0' •• ~·E. : ~ >: ~ t,~ 0 ! : 

Ex.mple 4-4 Conlole 800t Display wHh no Del.ult Boot DevICe 

4.1.6 LED Cod" 
In uddition t(l the consol~ diagnostic cnuntdnwf£, a hexadecimal val ue 
is displayed hy the LEOs on the H3600 .. SA panel. The same value is: 
displayed b~' the four red LEOs (In the KA655 module. The purpaae of 
tht.· LED display is to improve fault isolation. when there is no console 
tennlnal or when the hardware is incapable of c.'OJnmunicating with the 
c()nsole terminal. Table 4-2 lists all LED codes and the associated actions 
\\·hich ar~' pctiomled at power .. up. The LED (.~e is changoo ~fore the 
corre~p()nding rest ur action is perfcnmedo 

Table 4-2 LED Code. 

LED 
".tue __ - 0 __ - ____ 0_' ___ • ____ _ 

F Intttal »taUt en powt'r .. up. no (()d~ h .. " t-xt-cUt4'd 
E En~n-d RO~1 •• onlt~ In~t1"UctlOtl~ ha\°t' t'x~~uted 
n \V,uttl'\i! for power tu "tabilizt- (POKl 
(" sse and ROM t .. "w 
B ("Pl' tt'~t~ 
A FilA tt'~t3 
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Table 4-2 (Cont.) LED COdes --- .. -----.--. ------------------------
LED 
V.du~ A('tion .. 

9 ("l\t(~TL tt'Hts 

K ~ft'mury W!4t..'( . 
7 CQBIC' (Q22.huK l te~tfJ 
6 (~(tnHnl., loophack te>itUt <optionally QDSS teMt8) 
5 Bmlrd·lt-,·ttl cache teftt8 
4 ~ft~(,·.·llilnt'OuM t .. "~q 
3 ('onHult-l!() nlodp 
2 (·untrol f);t~Ntad to VMB 
1 (·nntrol p~':\Nt"d to Hecondat)° hoot~trap 
() P,oOh'l".nn I/C) 1noo .... (ontrol pn .. ,,~d to ()~rnting ~)'"tem 

. . .. ~.-.. ---------------.-----..-.------

4.2 Console Service 
rrht, KAti!)fi lS h)' ,it'finitiun halted. ·~hpnever tht~ consot~ progrnm is 
runntng nnd tht- triptt' angle prompt~ »>. is display~d on the consol~ 
tt·rnunal \Vht'n h,.lh'd. tht· nnnware- provides most of tht' services of a 
~t,,'ndal"d \"AX (·nnsnlta . 

4.2.1 Console Control Characters 
in t·(~nsnlt· l!( )tnu<it\ ~t~vt'ral characters have special n'leanings. 

• [!!~iu!n] - tlnds " command lin~. No action i!'t taken on a command 
until· aftt'r it is t(lrminated by a carriage return. A null line 
tt-ntunntt'd hy <l (~,ln'~iag~ return is treatoo as a valid. nun comnland. 
Mea 4lt·tiCJt~ ts takt-n. and th~ con~ole re·prompts for input. Carriage 
rt'turn i~ E~('h()t·d as t'arriag~ t"~turn. line feed. . 

rRub~t 1- W llt'tl tht> operator presSt's I RUbo<i l the consolt- delt-tes the 
cfU-.r"t'tt'r that tht.- (lptarator pre\iously type . What appears on the 
('ntl~ul~ tt'rnlinnl dt"pendR on wh ... th~r the tt'11uinal is a videa tenninal 
(lr a hardcopy tt'nninal. For hard ropy tt.'nninals. w ht-n I;Wou~ is 
pr~~fo\~d. tht' ('onsutt" ~~hoes \\'lth n hacKslash c \ }.follo\ve _y t e 
('hnt·,uott· .. Ilt'ing d~l~te(i. If the o~rator presses additional I Rubout ~. 
tIlt"· additlunnl ('harart~rs delf'ted ar~ echot'd. \Vhen the operator types 
n nun-.·uhuut t'har41,,-ter. tb~ ('ons91~ echot's cUlotller back~lash. followed 
hy tht~ t·hat·at'tt't" typed. Thp result is to echo thE- ch,lracters deleted. 
slu'rnutuhng t ht'nl "'ith llarksla~he~~ 
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F:..t €:·;ampl~: 

'rh~ operator types: E):AM! ;E,Rubout :;..<Rubo-ut>N£<F.eturn> 

Thf- ccns~·le ~choes: EXA2~I; £\ E:', NE<~et.urn> 

Th~ consol~ s~es th~ command line: EXAMINE<Ret~rn> 

For \1ideo tenninals. when Rubout I is pressed., the previous character 
is erased from the screen an t e curs·or is restored to its previous 
positiotl .. 

The console does not deI~te characters past the beginning of a 
command line. If the operator presses more I Rub9ut ~ than there 
are characters on the line, the extra ruoouts are ignored. If a 1.-:"; R~u-bo-ut-I 
18 pressed on a blank line, it is ignored. 

• !C1rJj § - ca uses the COf1801e to echo "C and to abort processing of a 
command.. rctri11C1 has no effect as part of a binarY ioad data stream. 
[C"tfi1§ ctea;s ~C1rlT~and reenables output stopped by IctrIJ§. 

• lS,trl; § - causes the console to throwaway transmissions to the 
console terminal until the next !ctr2 § is entered. letr.! B is echoed as 
J\Oc::CR> when it disables output •. ut is 120t echoed when it reenables 
output. Output is reenablt!d if the console prints an error message, or 
if it prompts for a command fron, the terminal. Displaying a REPEAT 
command does not reenabie Gutput. \\1ten output is reenabled for 
reading a command. the con.sole prompt is displayed. Output is also 
enabled !C.trl~ ~. 

• 'Ctr~ § - resumes output to the console terminal. Additional !c.trl} ~ 
are ignored. iCtrl; § and IC1rl{ § are not echoed. 

• ~C'rl:rs -- stops outputto the console terminal until !Ctrll ~ is pressed. ~).I;: ~r;:::;:- t::!J 
!Ctrl j ~ and ~ ~ are not echoed .. 

• rctr~ U - the console echoes 1\ U<CR>, and d.eletes the entire line. 
If ~ ~ is pressed on an empty line. it is echoed~ and th'e conr:;ole 
prompts for another l."Ommand. 
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• tCtrll[ffi- causes the console to echo <CR><LF> followed by the current 
command line. This function can be used to improve the readability of 
a command line that has been heavily edited. When [Ctrll § is pressed 
~art of a command line, the console deletes the line as it does with 
let"} ~. 

• BREAK - If the console is in console 110 mode, BREAK is equivalent 
to [C1ii] §, but is echoed as "C. 

NOTE 
If the local console is in program 1/0 mode and halts are 
disabled. BREAK is ignored. If the console is in program VO 
mode and halts a.-e enabled, BREAK causes the processor to 
halt and enter console 110 mode. 

Control characters are typed by pressing the character key \vhile holding 
down the control key .. 

If an unrecognized control character (ASCII code less than 32 decimal or 
between 128 and 159 decimal) is typed. it is echoed as up arroy.· followed 
by the character with ASCII code 64 greater. For example. BEL (ASCII 
code 7) is echoed as I\G. since capital G is ASCII code 7+64=71. When 
a cont:ol character is deleted with I Rubout ~ it is echoed the same way. 
Mter t..-choi ng the contr()l character, the console processes it like a normal 
character. Commands with control characters are invalid, unless they are 
part of a comment. and the console will reapond with an etTor message. 

Note that control codes from 128 to 159, the Cl control codes. cannot be 
(!ntered by any'present DIGI"fAL terminal. The character ,vith code 7 and 
tht· character with code 135 will both echo as "G. 

4.2.2 Console Command Syntax 
The consule accepts commands of lengths up to 80 characters. It res90nds 
to longer commands "'ith an error message. The count does not include 
ruhouts. rubbed out characters, or the tenninating carriage retu.rn. 

(~ommands may be abbreviated. Abbre\riati()ns are fonned by dr()pping 
chat'acters from the end of a ke~"vord. as long as. the resulting keyword is 
still unique. Most commands can be uniquely expressed Y/ith their first 
character. 

~iultiple adjat.'ent spaces and tabs are treated as a single space b)· the 
console. Leading and trailing spaces and tabs are ignored. Tabs are 
echoed as spaces. 
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Command qualifiers can appeae- after the conlmand keyword. or after any 
symbol or number in the command. A qualifier is any c:ontiguous set of 
non whitespace characters that is started with a sluGh (ASCII code 47 
decimah. 

All numbers (addresses,. data. counts) are in hexadecimal. Note, thougr&t 
that symbolic register names number the registers in decimal. The 
console does not distinguish between upper and lower case either in 
numbers or in commands; both are accepted. 

4.2.3 Console Command Keywords 
The KA655 firmware implements a variant of the VAX SRM console 
command set. The only commands defined in the VAX SRM and 
not supported by the KA655 are MICROSTEP~ LOAD, and @. The 
CONFIGURE. HELP. MOVE, SEARCH and S,HOW commands have 
been added to the command set to facilitate system debugging and access 
to system parameters. In general, however, the KA655 console is similar 
to other VAX consolese Table 4-3 lists command and qualifier keywords .. 

Tabte 4-3 Command. Parameter. and Qu_Ilfler Keywords 
----------------------------------------~--~-------------

Procell.or Contr'ol 

B*OOT 
C*ONTlNUE 
H*ALT 
I*NITlALIZE 
N*EXT 
S"'TART 
U·NJAM 

COllUDllIld Keywo..a.. 

nata Tral1.rer 

D*EPOSIT 
E*~lINE 

M*OVE 
SEA*RCH 
X 

COWlOle Control 

CONF*IGURE 
F*lND 
R*EPEAT 
SET 
SI.!*OW 
T*EST 

--------------~-------------------------------------------

BO*CT 
ET*HERNET 
M*El\!ORY 
tT·QSSP 

SE'r ... SHOW Parameter KeyworWa 

BF·UA>G 
H*QST 
Q*BUS 
VERS*IO'N 

DE*VICE 
L*ANGUAGE 
RL*V12 
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Table 4-3 (Cont.) Command. Parameter, and Qu.~Hler Keywords 

nata COJitrol 

IS 
IW 
fL 
IQ 
IN: 
IS*TEP; 

/WR*ONG 

Qualifier Keywonla 

AddreM Space 
Control 

IG 
II 
IP 
N 
t1.1 
IU 

Co __ and Specific 

IlN*STRUCTION 
INO~T 

1R5: orl 
1RP"13 or fME*M 
/F*ULL 
IDU*P or 
/MA*lNTENANCE 
IU*QBSP 
IDI*SK or IT*APE 
ISE*RVICE 

... ~ lndlC'.ate5 the mlrumal number of cha1"actts~ that are requU'ed to ;-ruquely z~ntit\· the 
ke~-word 

A complete sunlmary of the console commands is provided in Table 4--5 
following the command descriptions in Section 4.2.7. 

4.2.4 Console Command Qualifiers 
All qualifiers in the console command syntax are global. That is. they may 
appear in any place on the command line after the command keyword. 

All qualifiers have unique meanings throughout the console, regardless of 
the command. fc"or example, the "IB" qualifier always means byte. 

A summary of the qualifiers recognized by the KA655 console is provided 
in Table 4-6 following the command descriptions in Section 4.2.7. 

4.2.5 Command Address Specifiers 
Several commands t~ke an address or addresses as arguments. in the 
context of the console, an address has two components~ the address space, 
and the offset into that space. The console supports 6 address spaces: 
physical memory (/P qualifier). virtual memory (IV qualifier). general 
purpose registers ClG qualifier). internal pl"O(essor registers (11 qualifier), 
protected memory (/U qualifier). and the PSL (1M qualifier}. 
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The addre •• space that the eonlOle references il inherited from the 
previous @nlOte reference~ un1e .. explicitly specified. The initial addrM. 
lpace reference is PHYSICAL. 

The KA655 conlOie lupports symbolic 1'eferences to addrelHl. A symbolic­
reference simultaneously defines the address space for a given ."mho1. 
Table 4-4 lists the symbolic addreues supported by the conlOle grouped 
according to addre ... pace. 

T.bIe~· Coneole SymbOlic Add ...... "· 
8,.._1 ......... S~hol" ~-

c....-.1 Pua,la •• ~ ... 

RO 00 Rll OB 
Rt 01 R12 OC 
R2 02 RlS OD 
&1 03 Rt4 OE 
lU 04 R15 OF 
as 05 AP OC 
R6 06 FP OD 
&7 01 SP OE 
R8 08 PC OF 
R9 09 PSL 
RIO OA 

/I • hat.aa1 Prac ..... ~n· 

PRS_KSP 00 PRS_SISR 15 
PR.$_ESP 01 PM_leeR 18 
PR$_SSP 02 PR$_RXCS 20 
PU_USP 03 PR$_RXDB 21 
PR$_ISP 04 PRS_TXCS 22 
PR.$_POBR 08 PR$_TXDB 23 
Pas_POLR 09 PR$_TBDR 2' 
PR$_PIBR 01. PR$_CADR 25 
PRS_P1LR 08 PR$_MCESR 26 
PM_SBR OC PR$_MSER 27 
PRS_8LR OD PR$_SAVPC 2A 
PR$_PCBB 10 PRS_SAVPSL 2B 
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Table 4-4 (Cont.) CoMO" Symbolic Add ...... 

8y.hol ~ Sy.ahol. ~. 

P~'-SCBB 11 PR$_ 37 
IORESET 

PRS_IPL 12 PR$_MAPEN 38 
PR$_ASI'LV 13 PR$_TBIA 39 
PR$_SIRR 1. FR$_TBIS 3A 
PP.$_NICR 19 PR$_SID 3E 
PR$_ICR 1A PR$_TBCHK SF 
PRS_TODR IB 

IP • PhY8ical (VAX 110 Space) 

QBIO 20000000 QBMEM 30000000 
QBMBR 20080010 
ROPeI 2~OOOO CACR 2008.000 
BOR 2008'004 
DSCR 2008 0000 DSER 2008 ()()()4 

DMEAR 2008 0008 DSEAR 20080000 
IPCRO 20001F40 IPCRl 2000 IF42 
IPCR2 2000 IF« IPCR3 2000 lF48 
SSC_RAM 20140400 SSC_CR 20140010 
~SC_CDAL 20140020 SSC_DLEDR 2()1' 0030 
SSC_ 201' 0130 SSC_ 20140134-
ADOMAT ADOMSK 
SSC_ 20140140 SSC_ 2()14 01« 
ADIMAT AD1MSK 
SSC_TCRO 201.0100 SSC_TIRO 20140104 
SSC_TNIRO 201' 0108 SSC_Tl\"RO 20140lOC 
SSC_TCRI 201' 0110 SSC_TIRI 201' 0114 
SSC_TNIRI 201' 0118 SSC_TlVRl 201401lC 
ME MC SRO 20080100 MEMCSRl 20080104 
ME MCSR2 20080108 MEMCSR3 2008010C 
ME MC SIU· 20080110 MEMCSRS 2008 0114 
ME MCSRS 20080118 MEMCSR7 2008011C 
ME MC SRS 20080120 MEMCSR9 20080124 
ME MCSR10 20080128 MEMCSRl1 2008012C 
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MEMCSR12 
MEMCSRI' 
MEMCSR16 

..... 

u .. . 

..... 

S,..ahol 

IP • Playtlica1(vAX I/O Ss-ee) 

2008 0130 MEMCSR13 2008 0134 
2008 0138 MEMCSR15 2008 Ol3e 
2006 0140 MEMCSR17 2008 0144 

The 1.lt location aucce •• fully referenced in an EXAMINE or 
DEPOSIT command. 
The location immediately follt'wing th~ Ialt location auece.afully 
referenoecl in an EXAMINE or DEPOSIT command. For 
referenc.. to phyaical 0\' \irtual memory '~CM, the location 
t"eferenced il the lut addre •• , plus the lile of the Iaat r.ference 
(1 for byte, 2 fo~ word, 4 for longword, 8 for quadwoni). For 
other addr._ apace., the addNla i. the lalt adAreu. refeNncecl 
plus one. 
The location immediately preceding the 1 •• t location 
.ucce •• fully referencecl in an EXAI'&INE or DEPOSIT coinman4l. 
For references to phYlical or vil"tual memory 'pace., the 
10Cl&tion referenced ia the l •• t addrel. minua the lile of 
thi. reference (1 for byte, 2 for word, 4 for longword. 8 for 
qu.dworci). For other addre .. apace •• the .ddntl. ia the 1 •• t 
.ddNaNd "f .... need minua one. 
The location addreeHMtd by the I •• t location .uccetlfu11y 
referenced in an EXAMINE or DEPOSIT command. 

4.2.6 Referene .. to Processor Register •• nd Memo..,' 
The KA655 console is implemented by macrocode executing from 

. EPROM. Actual processor registers cannot be modified by the conlOle 
command interpreter. When the conaole is entered. the console saves 
the proceslOr registers in conlOle memory and all command references to 
them are directed to the corresponding saved values. not to the registers 
themaelves. 

\\'hen the conaole reenters program· I/O mode. the saved regilters ate 
restored and any changes become operative only then.. References to 
procellOr memory are handled nann.lIy. The binary load· and unload 
command cannot reference the c::oneole memory pages. . 
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The following regiyters are saved by the console. and any direct reference 
to theJie registers will be intercepted by tbe conlOle and the acce.s will be­
to the saved copies: 

• RO ••. R15. the general put'pOle regi!Stel's 

• PR$_IPL. the intelTUpt pri.>rity level register 

• PR$_S(~BB. the eystem control block bale register 

• PR$_ISp, -the inten"upt stack pointer-

• PRSMAPEN. the memory management enable register 

The follo\\ing registers are also saved. yet may be acceleed directly 
through conaole commands.. Writing values to these regilters may make 
the console inoperative. 

• PR$_SAVPC. the halt PC 

• PR$_SAVPSL. the halt PSL 

• ADxMCHlADxMSit the sse -addrels d~e and match registers 

• ;SSCCR. the sse configuration register 

• DLEDR~ the sse diagnosti~ LED register 

4.2.7 Console Commands 
The following sections define the commands accepted by the c::onsole t when 
it is in console 1/0 mode.. The following conventions are uBed to describe 
comnland syntax: 

• (] denotes command elements that are optional. 

• I } denotes a command element. 

• ••• denotes a list of cornmand elements. 
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4.2.7.1 BOOT 
Fornzat: 

BOOT {qualifier} [fboot_deviee)[:ll 

Description : 

The console initializes the processor and transfers execution to VMB. 
VMB attempts to boot the operating s)'stem from the specified device 
or the default boot device if none is specified. The conso1e qualifies the 
bootstrap operation by passing a boot flag to VMS in R5. A more detailed 
description of the bootstrap process and how the default bootstrap device 
is determined is described in Section 4 .. 3. 

In the case where either the qualifiers ~r the device name is absent. then 
the corresponding default value is· uoed. Explicitly stating the boot flags 
or the boot device overrides the CUtTent default value for the current boot 
request. but does not change the co",esponding default value in NVRAM. 

The default boot device and boot flags may be set in tbe following three 
ways: 

1. The operating system may write a default boot device and flags intO 
the appropriate locations in NVRAM (Section 4.7.3). 

2. The user may explicitly set the default boot device and boot flags with 
the console SEtl' BOOT and SET BFLAG commands respectively_ 

:-1. The con-sole prompts the user for the default hoot device. if any of the­
fullo\\ing canditions are met: 

• The puwer·up mode switeh is set to query mode. 

• The console detects that the battery failed. and tl,erefore the 
contents of NVRAM are no longer valid. 

• fI'he console detects that th~ default boot device has not been 
explicitly set by the user. Either a previous deviQ!, query timed out 
and defaulted to ESAO or neither (I} nor (2) has lbeen performed. 
Simply stated. the console will prompt the user all each and every 
powerup for a defauit.boot device. until such a r~!quelt haa been 
satisfied.~ 

{)n power-up if no default boot devic~ is specified in NV1i:AM. the console 
issues a ltst of patential boatable devices and then prompts the U5er for 
n devire name. If no device name is entered within 30 seconds, ESAO is 
u~d. llowever, ESAO does not become the default boot device. 



Qualifiers .-

• 1R5:{boot_fl ... } Boot flags is a 32 bit hE~X val\1e that is passed 
to VMS in R5. No interpretation of (his vulue is perfonned by the 
console. Refer to Figure 4-1 for the bit aSl:dgnments ~f R5. A default 
boot flags longword may be specified usinir the SET BFLAG command 
and displayed with the SHO\1l BFLAG co111mand. 

• I{boot_fl ... } Equivalent to the fonn aoo've. 

ArgUJ1lents : 

• [{boot_device}} The boot device name can be an~' string. up to 
11 characters long. Longer strings cause a VAL TOO BIG error 
meSStlge to he issued frDm the console. Qrltherwiae the console makes 
no attempt at interpreting or validating the device name. The console 
converts the string to all upper case. ant:l paSReS VMB a string 
descriptor to this device name in RO. A default boot device may be 
specified using the SET BOOT conlmancl and displayed with the 
SHOW BOOT comlnand. The factory default device is-the Ethernet 
port. ESAO. 

Exanlples: 

0":" -show bo.:'~ 

r'CA( 
".:. ·shew t:.f lag 
(. 

···>:~r 

(B )~,. f: ~ :,,' P'~'''(ll 

-...... 

~, ,'·t·" ;,qaC 

t a:":''!' ~ ~ : (. X~A(\ 1 

-..... 
-. ~- .• t...(\(.'t. ~ c-
IS:-.:"'!' R:: l( tlt·A(·) 

-.... 

···:·k~ct :"::;;:C :"\laC· 
,b,\\'"''r R~~:~0 X~.~O' 

-..... 

• Boo~ us~ng d~fault boot flags and spec~f~~d 
de-,\·.:. ~e. 

• 9:.-ot USl.:l? speclfl.ed b.;jc~ fla-::s an:!. default. 
de,\";,.ce. 

, ~~ct uSl.ng spec~f~ed beot fla;s and uevice •. 
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4.2.7.2 CONFIGURE 
Format: 

CONFIGURE 

CONFIGURE is similar to the VMS SYSG~N CONFIG utility. This 
feature provides infonnation. that is typically ""vailable only with a 
running o)Jerating system, to 8ifnpl~fy system cc)nfiguration. 

Tht- CONFIGURE (;ommand invokes an interactive mode that permits the 
UMer to enter Q22 .. bu8 device names. then generates a table of Q22.b~~ 
1/0 page devicto CSR addresses and device vectars. 

(Juczll{utrs : 

None 

ArgU;7lf"ts : 

None 

E:;canlpies : 

.• > •. :" c· f4! l. g 
Entet ~~Vlce ccnf~guratlcn. H£Lf, or EXIT 
t-t'4\"1.(,"f+, Nutni:-et: h~lf 

: ~'.·l\."t-::;. 

:'f ~\·l :, 1\:-:10"11 t'·~\·14 .J DZCll 
fo-L\·':' .. ' T~\9(t~ RX\9Z: tlFVllW 
r·M\·l! DELQh DEQNA P£SQA 
1-. r,-:-· ~ ~- f.~'("; ! KFCSA-t'!Sl\ T~KSC' 
~ \ • .: l J<FVS A ... TAPE Kt-!\·ll :t'cll 
\o-"X1\ 1 t ('Xalf C'XY08 \'~9(\! 

t.N\' .. ~ Cf'SS DS\'ll M\'llC 
r4"n.9 1 :.: ADVllt M\911C V:1'O; 
l·f.;'~B \'SV~l IBQOl ID\'l :A 
It'\'l:t l~.\'lll\ tA\'llB MIP.A 
!'E~NA 103011 

O:!\-! 1 
DF.VllB 
~QDX3 

TQ1\"' 0 
DROll 
Q\'SS 
MVI1C 
QDSS 
IDVllB 
ADQ3~ 

DFAOl 
DP\911 
1\01.50 
TU~l£ 

01-\\-11' 
LNVll 
AX\'llC 
DF\911J 
IOVllC 
DTC04 



tLlrr.t.~ r!i : 
1 tc 2~~. ~efa~l~ ~$ ~ 

;'~\·l ":!~ 4 Nurn.i:'e%:- t q:1;;3 • 4 
:"'.,'.·J,ce-. Nu~e~: :ih\·: l 
t~et·+C"-e. NulTl.bf:::: '=t<:iss 
:..: ~~ ... ':"~ f t-lumt~f!'r:' t. qk ~. (' 
~ I t-'\- J, ~ ... t. urru:·e t '? t qK ~ (, 
t'6V -l,Cf:. ~uml': ~r:' e4-:';' t 

A~~r~s~ V~~tcr A3slgn~~r.t$ 
....... ~ ~ ~ '.(~ _ : ~·11 ~{.t'i>: ~ 

.. '1( " ~ ~4 4t1~ f{Qrl }::; 

·"'-4 t .{Jr. ;. f(- 'l'Ql\~( 

... ""t (·444 ~{t4 '!"~r~{' 

... ..,f(·~n!; 31(' DR\': 1 
- ... _-.; (l{" 3~C QPS£ ... 

4.2.7,,3 CONTINUE 
F(Jrw-at .: 

CONTINUE 

1(A65~ Flfmw .. ,. 44-23 

The pl'ocessor begin. iflatruction execution at th~ addrea cun-ently 
conta~nE..acl in the program counter. ProcellOr initi .. liuUon is not 
performed. The. consule enters prognl\ll 1/0 mode. InV!mally. the continue 
command pushes the userlls PC and PSL onto the ~'. ISP. and t~n 
ex~ute8 an REI instruction. This implies that the uter'. lSP IS pointing 
to ~me valid memory. 

Q4.:all{iers : 

NOlle 

Argun,ents : 

None 

Exan~ples : 
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4.2.7.4 DEPOSIT 
Fflrnl(I t : 

DEPOSIT [qualifier_Jilt) {adclreal (dat~) [fdatal ••• ] 

lJes,orlption : 

Deposits data into the address specified. If ~o address space or data size 
qualifiers are specified. the defaUlts are th~ last add,~fSs space and data 
si~e used in a DEPOSIT, EXAlfINE. MOVE or SEARCH command~ After 
processor initialiu.tion. the default address apace is physical memory, 
the default data size is a longword and tha default addrel6 is zero. If 
conflicting address space or data lizes are lpecified. the conlOle ignof-eS 
the command and issues an error nlea8age. 

Qualtfwrs .: 

• IB - Th~ d4&ta size is byte. 

• ,W - The data sile is word. 

'. IL - The data size is langword. 

• IQ - The data size is quadword. 

• !G - The addre&s space is the general purpose register aet. RO 
through RIS. The data size is alw~ys long. 

• II - The address space is internal processor registers (IPRs). These 
are the registers only accessible by the MTPR and MFPR instructions. 
The data size is always long,. 

• ~t - The address space is the procea80f status longword (PSL). 

• IP - The address space is physical memory. 

• IV -- 'l'he address spa~e is ,'irtual memory. All access and pr-otection 
checking oc~ur. If the access would nat be allowed to • program 
running with the current PSL. the console issues an etTor message. 
'''rtual space DEPOSITs cause the PTEcM> bit to be eet. If memory 
mapping is not enabled. virtual &ddt"esees are equal to physical 
addresses. 

• IU· -. Access to console private memory is allowed. This qualifie~ also 
disables virtual address protection checb. On virtual addreas writer. 
the PrE<M> bit will not be set if the IU qualifier is present. This 
qualifier is not inherited. and must be respecified on each comtnand. 
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• 1N:(eoWlil - The add2"e6s is the first of a range.. 'l1te console 
oepolits to the first addnBs" then to the specified number of 
succeeding ~ddre.lel. Even if the address is the symbolic address 
(.). the .uc~ing addrellel are at larger ,;;ddresIIC8. The symbolic 
addrels specifiel only the atarting addrel'. not the direction of 
duece8sion. For repeated refekeences to preceding sddresHR, use 
REPEAT DEPOSIT • <OATh. 

• ISTEP:{eixe} - The number to add to the current address. 
Nonnally this defaults to the data aize. but is overridd~n by the 
p~aence of this qualifier. 11tis qualifier is not inherited. 

• /WRONG - The ECC bit" for this data forced to a value of 3 eECC 
bits of 3 will always generate a double bit error). 

Arguments: 

• taddreaj - A long word address tr.at specifies the first l~ation 
into which data is depoaited. The address can be any legal address 
specifier as defined in Section 4.2.5 and Table 4-4.' 

• fdata} - The data to be deposited. If the specifi~ qAfot.a is lat'ger 
than the deposit data si:t:e, the console ignores the COnlD'land and 
issues an error response. if the npe~ified data is smaller than the 
deposit data 8i~e. it is extended on the left with zeros. 

• [(data}] - Additional data to be deposited (up to a maximum of6 
values). 

Examples: 

»>d,-p/b/n: lFF 0 0 Cl.~r fl.::st 512 byt .• s of phys.ic~l n .. rr.Qry. 

»>d.v/l!n:3 1234 5 D~po$it 5 ~nto four longwords $tartinq at 
~~~tu&l memory addre$. 1234. 

»>d."n: 8 R(.\ FFFFFFFF Loa~:. GPRs !to tnrougn R8 w.th -1 ~ 

»>c,,'n:.200 - C • Sta::t.J.ng at pr.vious address, cle .. x 513 byt ••• 

>~~d 1/p!n:l0/s:200 0 8 Oeposit S in the f:.rst lotlgword of 
the f:.:st 17 P~9.s in physi~~l m.~ory. 

»> 
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4.2.7.5 EXAMINE 
F{}rmat: ~ 

Description : 

Examines the contents of the memory 10"..ation or 7egieter specified by the 
address. If no address is specifiedt + is assumed. "l'he dispJay line consists 
of a single character address specifier. the hexadecimal phy!ical address 
to be examined. and the examined data also in hexadecima1. 

EXAMINE uae~ the same qualifiers as DEPOSIT. However~ the !WRONG 
qualifier will cause examines to ignore ECC elTon on reads from 
physical memory. Additionally, the examine conlmand supparta an 
/INSTRUCTION qualifier. which will disil8semble the instructions at 
the current address. 

Quall{iers : 

~ !B - The data size is byte. 

• IW - The data size is word. 

• IL - The data size is longword. 

• /Q - The data size is quad word. 

• IG - The address space is the general purpose register sett ItO 
through R15. Ttie data size is always long. 

• II -- The address space is internal procese.or r.Jgisters (IPRs). These 
are the registers only accessible by the MTPR and MFPR instructions. 
'"fhe data size is always long. 

• 1M - The address space is the processor status longword (PSL). 

• IP - The address .space is pbysical memo:-y. Note that. when virtual 
memory is examined. the address space and address in the reeponae 
are the translated physical address. 
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• IV - The address space is virtual memory. All access and protet;:tion 
checking occur. If the a~cess v/ould not be allowed to a program 
running with the current PSL~ the console issues an etTar message. 
If memory mapping is not enabled, virtual addresses are equal to 
physical addresses. 

• 1M - The address spa'!e and display are the PSt .. The data size is 
always long. 

• IU - Access to console pri vate metnor~,.. ie allowed. 'rhis qualifier 
also disables virtual address protection chet:.ks. This qualifier is not 
inherited. and Il'lUst be respecified with each command. 

• IN: {count} - The address is the firt3t of a range. The console 
deposits to the first address. then to the specified numoor of 
succeeding addresses. Even if the address is the symbolic address 
(. i, the succeeding addresses are at larger addresses. The symbolic 
address specifies only the starting address, not the dh4ectionof 
succession. Fnr repeatoo references to preceding addresses. use 
REPEAT EXAMINE .. <DATA>. 

• ISTEP:(8izeJ - The number to add to the curt"ent address. 
Nornlal1y this defaults to the data size, but is overridden bj.' the 
presence of this qualifier. This qualifier is not inherited. 

• !WRONG - ECC errors on this read access to main memory are 
ignored. 

• /INSTRUCTION - Disassetnble and display the VAX Macro .. 32 
instruction at the specified addl·ess. 

Argunle"ts : 

• [{address}] - A JongwQrd address t.hat spe(.ifies the first location 
to be c)'.amined .. The address can be any legal address specifier as 
defined in Section 4.2.5 and Table 4-4. If no address is specified. + is 
assumed. 
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Examples: 

:"'»eojo: pc Examine the .PC. 
G OOOOOOOF FFFFFFFC 

:.-»e:·: sp E~:ar(.ine the SP. 
G 0000000£ 00000200 

:";">e~: psl E:-:amine the PSL. 
M 00000000 (',41FOOOO 

~~»eim Ehamine PSL another way. 
M 00000000 041FOOOO 

;";->e r4:n:S Ehamine R4 through R9. 
G 00000004 00000000 
G (JOOOOOO5 00000000 
G OOOOOOO€ OOOO(lOOO 
G 00000007 00000000 
G 00000008 00000000 
G 00000009 80109000 

;:-»e:-: pr$ scbb 
I 00000011 2004AOOO 

>'»E-/p 0 

Examine the SCBB, IPR 17. 

f 00000000 00000000 
»>E':': .' ins 20040000 

f 20040000 11 BRB 
. -»e:·: / l.nsin: 5 2004001.9 

~ 20040019 DO MOVL 
f 2004002~ D2 MCOM~ 
F :-004002.F 02 HCO~" 
P 20040036 70 l-10VQ 
f 20040030 DO MO\~ 
F 20040044 DB MFPR 

»>~/l.ns 

P 20040048 

4.2.7.6 FIND 
Fornlat: 

DB MFPR 

FIND (qualifier-list) 

Description : 

20040019 

1".20140000,@t20140000 
@t20140030,@.20140502 
s"tOE,@.20140030 
RO,.(!.201~04B2 

I""201404B2.Rl 
S"'2A,B .... 44 (Rl) 

S .... 2:B,B .... 48 {Rl) 

Examine local memory o. 

E~amine 1st byte of EPROM. 

Disassemble from branch • 

Look at next instruction.· 

The (.~nsole searches main memory starting at address zero for a page .. · 
aligned 128 Kbyte segment of good memory. or a restart parameter block 
tRPD}. If the segment or block is found, its address plus 512 is left in SP 
(R14). If the segment or block is not found, an error message is issued. 
and the oontents of SP are preserved. If no qualifier is specified, IRIlB is 
assumf'-.:!. 
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Quali{iej-s : 

• /MEMORY - Search memory for a page aligned block of good 
memory. 128 Kbyres in length. The search looks only at memory that 
is deemed usable by the bitmap. This command leaves the contents of 
memory unchanged. 

• IRPB - Search all of physical menlory for a restart. parameter block. 
The search does not use the bitmap to qualitv which pages, are looked 
at. The command leaves the contents of memory unchanged. 

ArlJuments : 

None 

Examples: 

»>e:-: sp 
G 0000000£ 00000000 

»>find /mem 
»>e:.; ~p 

G 0000000£ 00000200 
-··"»find /rpb 
?2C FND ERR OOC00004 
»> 

4.2.7.7 HALT 
Format: 

HALT 

Description : 

Check the Sf. 

Look fer a ,,-a:id 12BKb. 
Note where it was found. 

ChecK for val~d RPB. 
None tc be found here. 

This command has no effect and is included for compatibility with other 
con801es~ 
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Qualifiers : 

None 

Arguments: 

None 

Examples: 

4.2.7.8 HELP 
Format: 

HEl.P 

DescrIption : 

Fretend t.o halt. 

This command has been included to help the c()nsole operator answer 
simple questions about command syntax and usage. 

Qualifiers : 

None 

Arguments : 

None 

Exanlples: 

»~'he IF 

Fo:lowing is a brief summ~ry of all th6 commands supported by the console: 

UPPERCASE denot.~:s a keyword that you must t~~e in 
t denotes an O~ condition 
t1 denotes optional parameter~ 
<> denotes a field that must b~ filled in 

with (;& syntactically correct :c:tlue 



Valid qualif~ers: 
IS IW It IQ !INSTRUCTION 
fG .'1 IV !P 1M 
ISTEP: .IN: INOT 
IWRONG /U 

Valid cOlMlands: 
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DEPOSIT [<qualifiers>] <address> [<datum> [<datum>~] 

Ei:AMINE [<qualifiers>} {<addrE:ss>} 
MOVE «qualifiers>] <address> <address> 
SEARCH {<qualifiers>] <address> <pattern> [<mask>] 
SET BF~(A'G <boot flaqs> 
SET BOOT <boot_devic~;[:l 
SET HOST/DUP/UQSSP </01SI< t lTAPE> <controller numb~r> {<task>] 
SET HOST/DtlP/UQSSP <physical_CSR_"ddress> [<task>} 
SET HOST /MAI1~TENi1NCE/OQSSP ':SERVICE <controller number> 
SET HOST!MAINTENANCE/UQSSP <physical_CSR_address> 
SET LANGUAGE <language_number> 
SHOW BFL(A)G 
SHOW BOOT 
SHOW DEVICE 
SHOW ETHERNE'!' 
SHOW LANGUAGE 
SHOW NEt-tOR'l l-! FULL] 
SHOW RI,V1Z 
SHOW QBUS 
SHOW UQSSf' 
SHOW VERSION 
HALT 
lNITIAL1ZE 
UNJAM 
C:)NTINtJ£ 
STAF'r <addr~ss> 
REPEAT <command> 
X <address> <count> 
FIND l/MEMORY t ,RPBl 
TEST t<te!:.t_code> «pa:;am~ters>l) 

9:)OT i'R5:<boot flaqs> i :<boot flaas» [<boot_d~v:.ce>[~lJ 
NE>:'r ( count 1 _. - -
CONFIGtt~E 

~LP 
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4.2.7.8 INITIAUZE 
Forrtzat: 

INITIALIZE 

Description .-

A processor initialization is peno,nned. The following registers are 
initialized, as specified in the VAX" Architecture Reference Manual. 

PSL 

IPL 

ASTL\TI., 

SISR 

ICC~ 

RXC'g 

'!'Xes 

~fAPEN 

CPl' cach~ 

1 nstruCLion buffer 

C()nHOl~ prf'\10U8 

Tf'f~re-nct-

TODR 

~taU't nlemOl")" 

C~!leral rt'gisten 

Halt code 

B()Qt .. trap in progT"eliB 
flag 

1 nu'mal r~.tart in 
proatrelll\ flag 

lilitialixed. Vallie 

041FOOOO 

tF , 
o 

Bit. <6> and <0> are- ~le...C\r" the- reKt are 
UNPREDICTABLE 

o 

80 

o 
Dhaabl«i. all entries invalid 

U tl afftttcted 

l."ongworct physical .. addreas 0 

t! tlaifecUd 

Unaffected 

Unaffected 

Unaffected 

tTnafft!ct.ed 
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The KA655 firmware perranns the following additional initialization: 

• The CDAL bus timer is initialized. 

• The address decode and match registers are initialized. 

• The programmable timer interrupt vectors are initialized. 

• The SDR registers are read to detennine the baud rate, and then the 
SSCCR is configured accordingly. 

• All error status bits are cleared. 

Qualif.ers: 

None 

Arguments: 

None 

Examples: 

:- ·>l.r~i t 
>.'»> 

",2.7.10 MOVE 
Farnzat: 

Descr:pt;on .0 

The console copies the block of memory starting at the source address to 
a block beginning at the destination address. Typically, this command 
is used vdth the IN: qualifier to transfer large blocks of data. The 
destination will correctly reflect tbe contents of the source, regardless 
of the overlap between the source and th~ data. 

The MO\tE rommand actually performs byte, ,,-ord. longword, and 
quadword reads and writes as needed in the process of moving the data. 
Mo\'es are only supported for the PHYSICAL and VIRTUAL address 
spaces. 
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(~lIal.lrut"S : 

• IB -- Th~ data Size is byte. 

• I'W - Tht- data sizt.' is word. 

• II~ - The data siz(.- is longword. 

• IQ - The data size is quadword. 

• IP - Th(' address space is phys'icaI memor~·. 

• IV - The nddress space is ,"irtual menlory. Alla,ccesR and protection 
ch(~eking UCCUT. If the: access is not allowed to a program· running with 
thE- current PSL. th~ c(Jnsole issues an error message. '-'irtual space 
!\1()\"E~ cause the destination PTE<:M> hit to be set. If memo!",­
"lapping is not enabled. virtual' addresses are equal to physicai 
.tddresses. 

• IV - Access to conS(~le pri\~ate memo",' i~ allowed. This qualifier alS9 
disables vlrtual •• ddresB protection checks. On "'irtual address writes, 
the l>TE<"l\t,. 111t "'ilI not be- set if the 1[' qualifier is present. This 
qualifier IS not inherited. and must be respecified on each command. 

• 1N:{(!ountJ - The address is the first of a range. Th~ console 
d~PCISlts to tht.· first address. then to the specified number of 
~ucceedlng addresses. E,'en if tht- address is the symbolic address 
t -I .. the suc'ceedlng addresses are at larger addresses. The symbolic 
addre~s spt!cifies (lnl~," the starting address. not the directton of 
suC'ceSSlona 

• ISTEP:lliize} - The number to add to the cutTent address. 
Nonnall '" thIs defaults to the data slJ:e. but is overridden b\· the 
presenc~ of t.hisqualifier. This qualifier is not Inherited.· .. 

• /WRONG - On reads. ECC errors on tht.- access of data in main 
n\~mor)' un." ignured. On writes. the E(,'(, bits, f(lr thi~ datu art.- fcr<..-ed 
t.~ u "alut: of 3. 

Ar#!u 11ze'lts : 

• {lire _addreu. - A longword address that spt',·ifies the first locatIon 
uf tht4 sour~~ data ttl be copied. 

• tdel't_addrelilli - A longwoni addr~ss that specifl~s the destination 
ur tht- first b~tt' of dat.a. These addresst's rna,)' 00 any legal address 
sptacifier as defined 1n Seetlon4.2.5 and 'Tahl~ 4-4. If no address is 
~pecifi~d. + 1S assumed. 



Examples: 

." ~;..(:~: r.:4 t 
f O~00000C 00000000 
f (,!(.(JO(JO(;~ (tOOOOOOO 
f (l(I(I(,~Vf')~ {lO(·oooc(' 
... 0 (r f": tJ ~) 0 (I C 0 (' coo (t (. () 

f OClL'trO() 1C "O('OOPOO 
.·-.. :·e~: .r.:~ ;oc-

F ('(I(I(·,.i;O( ~E[J1.IC~4(· 

f (I('('(I,~~I'; ~8~£CI4:1 

t (1(1{ ,( CZ ~)f r-OFFBFBB 
1 'IC'(JlJ(;:~~ !':"'8Aeoc~ 

f V(ll'CI~)': l( !·40CA8DE 
'. > , .. rr.~ '.'E- fo : 4 ;: 0(' r-
. . ' •. 'oe:~ f. t'; C' 

f (ICt(l(t\·CJOC· ~ 8DOO ~:o 
f &O~~0004 !8SE04Cl 
~ 000Q~OO~ OOFF9F&B 
f 0000000C ~;OSA8~O 
1- (~(. U(I' I('l f ~ 4('~ABPt 

4.2.7.11 NEXT 
Format: 

NEXT teount} 
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• M~·.·~ ther ':i~t.c.. 

• Otserv~ th~ j~st1rat~=~ • 

The NEXT command causes the proceS80)r to "step" the specified number 
of matto instructions. If no count is specified, Usingle .. step·· is assumed. 
The consol~ does not however enter spacebar step mode as described in 
the \~ Arclutecture Reference .Vanual, but rather returns to the console 
pronlpt. 
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The console uses the trace ~nd traCt! pending bits in the PSL, and the 
seB trace. pending vector to implement the NEXT function. This creates 
the following restrictions on the uuge of the NEXT command: 

• If m~mo~' management is enabloo. the NEXT cnmmand works if 
and only if the first page in sse RAM is mapped somewhere in SO 
(s~stem) space. 

• The NEXT command. du~ to the instructions executed in 
implementation, does not work where time criti~,al code is being 
~xecuted. 

• The NEXT command elevates the IPL to 31 for long periods of t.ime 
(ttlilhseconds) while single stepping over seve7al commands. 

• Unpredictahle results occur if the macro instrnction being ItepPffli 
over modifies the SCBB, or the trace trap entry. This mellns that the 
NEXT command cannot be used in conjunction with other debuggers. 
This also implies that the user should validate PR$_SCCB before 
using the NEXT rommand. 

Qualifiers : 

None 

Argunlcnts: 

• teuuntJ -.\ \'aluerepresenting the numbeT of macro instroctions to 
execute. 

Ex(, t1l.ples : 

• .' • ~t:t!- 100(, ~('~f~ Ot'4 
~ • je! 1 (·('4 :.: ~.:~ C' :. t 1 
. ';l~: : (. II eo ( ("FEllFS. 

•• '~t-:~ lnstructlC'n n:S lOC-O 
r ,:"I..'( ~· • .'Cl(· r:.; CLF.L !'u 
t ,;=\~~l('.:·:" L!t :N:L 1'0 
I :I.l':"·~ 1 Ol .; 

t- ,,'~\vl ! ,1(''' , .. ll..l( ,:: ~,(-i-t 

t (hll l (,': I.'l~& 

• ·,1f4}- f·':: ., set):: 
""'~t:-r Fe 1 ()C'r..: 

. ~ ... 

t'l Ct-WL , ,. BNE, ... 
' , BRB •• or HALT 
:Ol' 

S .... ,,:, Rei 
CO(lOlCC~ 

('JOOI009 

I..lost it. 

t s~' uf a us~r SCaB •• ~ 
••• and t.h~ P~. 



• ~ r. 
f 1"'."(1(': {It. ; t·f :t:::. 

• • -t. 
f ';":f (.; (I( 4 :-MF~ 

0 •• -r. 
I r . 1',' "t r.( - · - Bta:, . . .... .~ 

or. 
f ( :.c.t,: (If.; :-,f ::.::.. 

'.' or. t 

~ '.0.' j (,I : f.~ 4 ... 
::'~t: 1. ~ .. 

, I((~,·C·· 1 ~ 

BN£~ ... 
i ~ .• ' ( (. :' t ~ :1t :t-::"L 
1 0"(.1 :','4 r- • :!·~L ... . 
i ,. ''''f'!(I~'' l~ In:::';. 

• . ·f. 
... 

t t· '~I ( •. : (. ~ ;. t·t !t::l. 
i l,r'Cll ;(0(.4 t,: :"!"!f'L 
I (I ~ • (I l,' ! ( { ... ... BNE~ 
f (;('(Ifi ~ (1(..; [)t :U:L 
i f.~'If..j{ : (1(·4 ..... :!-tr 1 ""'" 
i (1,,0(. : {Ie ... " ,. tn~E' •• 
1 " {.(.r.: (rC' ~ · . bF.B · .. .... • z. 
f (I:. (~ ( : Ot c.. · .. Slo.B ... 

· .... 

4.2.7.12 REPEAT~ 
J."ornlat : 

m:PEAT {com •• ndl 

Dt'srrlptlfln . 

?('. 

!: .... C~.FC 

OOC·(. ~O(: 

FC' 

!:" .Co: f RC-
(sO ~)C ~. (,~:: 

~(t 

~ .. t( ~. F.( 
0(\0(,:;)0; 

f.:O 
~ ... tc·! • R" 
o~,O(j !OO;:. 
f{(J 

~ ... c·~ • ftc· 
OOOC.lOC; 
OOOv:oo~ 

OOOC1OOSf 
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, ••• C~ ~ul~~~!e steF ~h~ 
pre gr.&tt .• 

The c()nsol~ repeatedly displays and executes the specified command .. 
Press ~ £ to st()P the repeating .. Any v~1id console command can be 
specified for the command with the exception of the REPEAT command. 

quail/Wrs: 

None 

ArRunlt'llts : 

• {commandl - A valid console command other than REPEAT. 



Eronlples: 

<~#. ·r~f'~at e~ prS_todr W~tcn the clock. 
1 n0(}OOc .. ls SAFE78CE 
I (,OOOOOlB 5AFE7S01 
I (to(I()OnlB ~AFE7SFD 

'" OOOOOC1P. 5AFE7900 .. 
t (iOO(IOC lz, 51\FE""9C3 
~ r,(IO{a(l( !a SAFE7907 .. .. {,(t(.~.Uc.la !.AFE'?90A . 
I 'l(toooe 1~ !·AFE"90D 
• f' (Ion elf 1 & SAF£i~lO . .. 

1 0'H100(' l~ ~·AFE7~~C .. (IOO(lor lB ~AF£?93F .. .. PC, (10 Cl(t 1 ~ 5AFF.7?4~ .. ,. 
(,et(I() nell f, SAF£7St46 .. .. OOPO~Cl[' ~AFEi949 .. ., (HI('OO('l11 ~A~E;94C .. 

1 (t{".l(tOC 1 t ~'AFE~9·~P 
1 t,n(I(l (I(t 1 v ~ ... c 

. "'~ .. 

4.2.7.13 SEARCH 
Fornlat: 

SEARCH {qualifier_li.t) 'aclclreAl {pattem} ((malkll 

The search command finds all occurrences of a pattern. and reports the 
addresses where the pattern W~& found. If the /NOT qualifier is preaent. 
u11 nddt"esaes where the pattern did not match are reported .. 

Th~ command accepts an optional mask that indicates don't care bits. For 
example. to ignore bit 0 in the eomparison. specifY a mask of 1. "lhe mask. 
if nut present. defaults to 0 .. 

C.onceptuaUy. a makh condition occurs if the follo"ing condition is true: 

wht'!'te: patt~:-r. 

mask 
...iat<t 

-- i~ the target data. 
~s th~ cFtional don't care ~~tmask (wh~cn default$ to 0). 
~s the data (~yt~. word. long, qu~d) at th~ current address • 
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The command reports the address if the match condition is true, and 
there is no !NOT qualifier. or if the match condition is faise and tllere is a 
/NOT qualifier. Stating this in a tabular form: 

ab~ent 

atsent 
Ftesent 
F resent 

Match COO:litlcn 

true­
fals~ 

true 
fal~~ 

Action 

r~pcrt address 
:-.<:- r~port 

nc ~~port 
rt!pcrt addres$ 

The address is advanced by the size of the pattern (byte, word. long or 
quad t. unless overridden by the ISTEP qualifier. 

Qunli{wrs : 

• IB - The data size is byte. 

• IW - The data size is word. 

• IL - The data si~e is longword. 

• IQ - Th~ data size is quadwora. 

• IP --- Th~ address space is phY$ical memory_ Note that when virtual 
menlory is examined. the address space and address in the response 
UTe the translated ph,.·sical address. 

• IV - The address space is \irtual memory. All access and prott:ction 
chc'cking occur. If the access would not be allo'.ved to a program 
running with the CU1'1'ent PSL, the console isgues an error nlessage. 
If 'memory mupping is not enabled. virtual addresses are equal t.a 
physi~l addresses. . 

... IU .... Access to cons<ale pri\'ate memory is allowed. This qualifier 
alS() disahles "irtual address. protection checks. This qualifier ~s not 
inherited, and must be respe,' .' ,"h each ((lmmand. 

• IN:lcount} . - The addres~ if '~'. · ., of a range. The first access 
is to the address specified, then.. . "~" ,ent accesses al'e made to 
succeeding addresses. E,'en if the ~~dress is the s~~bolic address 
("), the succeeding addresses ure at larger addresses. The s~ttnbolic 
address specifies only the starting address, not the dir~tion of 
suc<"'esslon. 



4-40 I(A655 FlfmWaf& 

• ISTEP:{aize} - The number to add to the current address. 
Nonnal1y this defaults to the data size~ but is overridden by the 
presence of this qualifier. ·rhis qualifier is not inherited. 

• !WRONG _ .. ECC errors on read accesses to main memory are 
ignored. 

• /NOT - Inverts the sense or the match .. 

Arguments: 

• {start_addresa} - A longword address that specifies the first 
location subject to the search. 'rhis address can be any legal address 
specifier as defined in Section 4.2.5 and Table 4-4. If no address is 
specified. + is assunled. 

• Ipattem} - 'fhe un"get data. 

• [{maRk'1 - A longword eontaining the bits in the target which are 
to be masked out. 

Examples: 

'·>:·der-' 3f)0 1: 34 5(.78 
»··d~p '101 12~45t7e 

'-:"~def :>02 87€ 54~21 

»;..searcr. :'n:100C· ,'st:l 0 :'2~45~76 

F ;)0000300 1:~~S678 
F 00000401 lZ345f78 

. ' , 

Clear some ~emory. 

Depos'it some "search" data. 
,'. r 

S~arch for all occurrences ••• 
••• of l234S€te en any byt~ ••• 
••• boundary. 



»>~earC'b :r.:10(,C 0 ::345(,7€­
F OO~(C)O( 1:~4S€~B 

:"-;"">sear'.!r. :'r.:lCoO( /nct 0 (; 
f OO(I(;O~r;c· :::C4 ~.€-e 
f OG0(040C 34!€~80C 

~ 00000404 OO(OOC!; 
F (tn{J(;f!~,CjC 4?::lOOOC· 
t O(lO('O~(J4 OO(lOf7€~ 

J-·'~seQrch Ir.:1Q()('. Jst:=. (i 1 FFFFFFFE 
t- (tOO((·~(': £<~(!··43:1 

r (.{;(I('~l:·C: o('e;f:·4~ 

t· C~O(:(tt· :.(" "'* O()(loe 7t: 
f O()~.(:(·~(! Of·oonoe-

. ~ '-'s~arch .-r.:l(IC(· :t: (J 1: 
I O('(j{'(l]C.~ 1: 

.. ' ··.·s€-atct. r.:l(){lO zt.:: :~. (' FE:'l 

4.2.7.14 SET 
Fornzclt : 

SET tparameter} {value} 
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Then try on lcn~~ord .•• 
, ••• bounaar3.es. 

Searcn fer all non-~.ro ••• 
••• ~ong...rords. 

Search fer "odd" longwords ••• 
••• on any boundary. 

• Search for all oe~urrences ••• 
••• of the byt. l2. 

Search for all words which ••• 
••• cou~d be interpreted as.~ • 

.• ••• a "spin" (10$: brh 10$). 
Note, none found. 

Sets the indicated console parameter to the indicated value. The following 
are console parameters and their acceptable values: 

l'arll n:eu-rs : 

• BFL(AJG - Set the default RS boot flags. The value must be a 
hexadecimal number of up to 8 hex digits. 

• BOO'1' - Set the default boot device. The value must be a valid 
d~"i~e nnlne as specified in Section 4.2.7.1 on the BOOT command. 
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o(jI HOST - Invoke the DUP or MAlNTENAl'-lCE driver on the 
sel~ctoo node. Only SET HOST IOUP accepts a value parameter. 
The hierarchy of the SET HOST qualifiers listed below suggests 
the appropriate usage. Each qualifier only supports the additional 
qualifiers at levels beloYl: it. 

IDUP - Use the DtJP protocol to examine/modify parameters of a 
device on the Q22 .. bus. 'The optional value for SET HOST mup is a 
task name for the selected DUP driver to execute. 

NOTE 
The KA655 DUP driver only supports SEND DATA 
IMMEDIATE messages, and hence those devices which 
also support them. 

IUQSSP - Select the Q22 .. bus device using one of the following 
three methods. 

!DISK n - Specify the disk controller number, where n 
is from 0 to 255. (The resulting fixed address for n =0 is 
20001468 and the floating rank tor n >0 is 26.) 
rrAPE n - Specify the tape controller unmoor, where n 

is from 0 to 255. (The resulting fixed address for n =0 is 
20001940 and the floating Tank for n >0 is 30.' 
esr_address - Specify the Q22-bus 1/0 page CSR address 

for the device. 

IAIAINTENANCE .- Use the MAINTENANCE protocol to 
exanline/modify KFQSA EEPROM configuration parameters. Note 
that SET HOST !MAINTENANCE does not accept a task value. 

IUQSSP -

ISERVICE n - Spe~ify the KFQSA controller number 
n of a KFQSA in service mode, \vhere n is from 0 to 3. 
(The resulting fixed address of a KFQSA in service mode is 
20001910+4*11 .) 
csr_addres.. - Specify the Q22-bus 110 page CSR address 

for the KFQSA~ 
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• IA.NGlJAGE - Set console language and keyboard type. If the 
~utTent f.~~lnsole terminal does not support the DIGITAL multinational 
charactel" set (MeS), then this command has no effect and the ~onsole 
remains lin English message mode. Atteptable values are 1 through 
15 and h~\ve the following meaning: 

1» DarMlk 
2. Deu\',!:jch (DeutschlandlOsterreicb) 
3. Deu-,~sch C&hweiz) 
4) EngUsh (United Kingdom) 
5. Engli.sh (United States/Canada) 
6) Espai~ol 
7) Fran~rtis C C:anada} 
8. Fran~.~ds '( FrancelBelgique} 
9) Francc.tis (Suisse) 
10, Italiano 
11) Neder.\ands 
12) N01-sk 
13. Portug~ues 
14) Suomi 
15) Svenska 

Qualifiers : 

On a per p~rameter basis. 

ArRuments .­

None 

Exanlples: 

:··· .. set hc,st "mair-.t;uqssF 200C'14(·e 
~QSSF :cntrcller ,--~150) 
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Enter 
Node 

f) 

SET, CLEAR, SHOW, HELP. EXIT, or QUIT 
::SP. Address Model 

f~2150 21 
1 760334 21 
4 760340 21 
5 760344 21 
7 ----~- KFQSA ------

? help 
Commands: 

SET <node> /KFQSA 
SET <NODE> <CSR_address> <model> 
CLEAI". <NODE> 
SHOW 
HELP 
EXIT 
QUIT 

farameters: 
·:NODE> 
<CSPo_address> 
<model> 

... set 6 !kfqsa 

... show 
Node 

o 

.; 
5 
6 

? e:·~i t 

CSF Address 
'772150 
'60334 
760340 
76034~ 

------ l'~FQSA 

Model 
.,~ 

.. .1 

21 
2l 
21 

~rograw$.in9 the KFQSA ••• 

»>set language 5 
»> 

4.2.7.15 SHOW 
Fornlat: 

SHOW {parameter} 

Description : 

Displays the console parameter indicated .. 

set KFQSA OSSI node number 
enable a DSSI deV1ce 
d1sable a DSS! devic~ 
show currer.t configuration 
pr int this te:-:t 
program the KFQSA 
don't program th~ KFQSA 

o to "1 
760010 to 7'77774 
21 (di~k) or 22 (tape) 
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Paranlelers : 

• BFL<A)G - Show the default R5 boot flags. 

• BOOT - Show the default boot device. 

• DEVICE - Show a list of all devices in the system. 

• ETHERNET - Show the hardwa,.e Ethernet address for all 
Ethernet adapters that can be found. Displays as biank. if no 
Ethernet adapter is present. 

• LANGUAGE - Show the console language and keyboard t)rpe. 
Refer to the corresponding SET LANGUAGE command for the 
meaning. 

• MEMORY - Show main memory configuration on a board by 
board basis. Also report the addresses of bad pages. as defined by the 
bitmap. 

/FULL Additionally show the nonnally inaccessible areas of 
menlory. such as, the PFN bitmap pages, the console 'scratch 
men"ory pages. and the Q22·bus scatter/gather map pages. 

• QBUS - Show aU Q22-bus 1/0 addresses that respond to an aligned 
word read. For each address. the console displays the address in the 
VAX 1/0 space ln hex, the address as it would appear in the Q22-bus 
I/O space in octal. and the word data that was read in hex. 

This command may take several minutes to complete, so the user 
maJo' want to issue a ICtr~ E. to terminate the command. The command 
disables the scatter/gat er map for the duration of the command. 
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• RLV12. - Show all RLOl and RL02 disks which appear on the 
Q22-bus. 

• UQSSP - Show the status of ail disks and tapes that can be found 
on the Q22·bus which support the UQSSP protocol. For each 8uch 
disk or tape on the Q22·bus, the console displays the controller 
'nU1nber, the controller CSR address, and the boot name and type 
of each device connected to the controller. The command does not 
indicate the bootability of the devic..'e. 

The device infonnation is obtained from the media type field of the 
MSCP command GET UNIT STATUS. In the case where the node is 
not running, or is not capable of running. an MSCP server, then no 
devire infonnation is d~8played. 

• VERSION - Show the CUlTent version of the finnware. 

Qualifiers: 

On a per parameter basis. 

Arguments: 

None 

Examples: 

...... ' .. 

-.. ····st'ow bf lag 
I.) (l (lOr- ;: ~ (; 

»>show ~oot 
DUAO 
:--» 
~>"show de,,·ice 
UJSSf [~sk Controller ~ (7~2150) 

-DttAO (RF~O) 

ugrsr ~lsk Controller 1 (760334) 
-Dl'Bl (RF30) 

UQSSr D~sk Controll~r 2 (160340) 
-DtlC4 (RF30) 



UQSSF DisK Controller 3 (~60344) 
-DUD!, CF.F30} 

Ethern~t Adapter 
-X~AO CO~-O~-2B-OB-82-29. 

:;.>~·show Ethernet 
Ethernet Adapter 

-XQAO (O~-Or-~B-OB-e2-29} 

":.:.show lanc::uCige 
En9~ish (United States/Canada) 

~.> ··stlOW memory 
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t-1em~:ry {): 00000000 tc 003FFFFF, 4 MBytes, 0 bad pages 

T~tal cf 4 MBytes, Q bad pages. 98 rese~ved pages 
; .. , ....... 
. . ::-... show tt\emor~' , full 
Memory 0: 00000000 to 003FFFFF. 4 ~~yt~s, 0 bad pa9~s 

Tet"l cf 4 MSytes, C bad pages, ge re:!Served pages 

t-1emory Bl t.map 
-003F3cor tc 003F3FFF, ~ pages 

:onscl~ Scratch Area 
-003F4000 tc 003F~FFFf 32 pages 

'~bus r-1ap 
-(J('3FfOC10C' t ~ OC;FFFFF. t'4 pages 

.... ' •. ~ shC\w qbus 
Scan cf ~tus :.C Space 
-~OOOOOD: C'60334l = 0000 (300} RQO>:3/KDA50,'RRD50/RQC25/KFQSA-DISR 
-:~,)OOOOD£ (~60336) = OAAO 
-~OOOOOEt C'6034C) = 0000 (304) RQDX3/KDASO/RR050:RQC25.'KFQSA-OISK 
-:01.1000£: (:60~4Z) :; OAAO 
-:00000£4 C'6C34~) -= 0000 (310) RQOX3/KDA50'"RROSO,'RQC2S:'KFQSA-DISK 
-~00000Et (~60346) = OAAO 
-~OOOl466 C'7~150) ~ 0000 (1:-4) RQOX3lKOA50/RRD50;RQC2S.'KFQSA-DISR 
-;000146A (~7~lS2) = OAAO 
-:OOOlF4~ (~:~500) = 0020 (004) IPCR 
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~.I>; ... : .• 

";'!:'S~ ~lsk :: or~ t. r ~ ! ;. eo:-
- r .. .:;,.r.. (r.r~::.) 

'.l~:~f ('1 sit: :ont.rcl.i.er 
- r .. ~.'r.! (RF3C~ 

t'~:£f r;.sk =~n~rcl':'e:: 
.. :, .... ·~4 (~F' 3 c- ~ 

t'~=Sf- ::~sk ::::nt.rc:~e: 

-:!~1r ~ (11 F~C') 

.• -show "-ers.on 
rAf" ~ -h V: • ~. .~'!-~E- ;. .. f 

4.2.1.16 START 
Format: 

START [l.delreul] 

0 ("',2150) 

~ (760.334) .. 
.2 (",'6(1340 ) 

3 (~60344' 

The console starts instruction execution at the specified address_ If no 
address IS given. the cutTent PC is used. If memory mapping is enabled t 

macro anstructions are executed from virtual memory. and the addreu 
is treated as a \'irtual address. The START command is equivalent to a 
I)EPOSIT to PC. followed by a CONTINUE~ No INITL4LIZE is performed. 

Qualifiers: 

None 

Argunlellts : 

• [tadclreu}} - The address at which to begin execution. This is 
loaded in ,the uier'$ PC. 

Examplt's: 

... ·st art 1 ~)O(~ 



4.2.7.17 TEST' 
Farmat: 

Th~ c(lnsolt+ invokes a dlagn08tic test program apef..'ified by the test 
number. If a test number of 0 is specified. the power-up script is executed. 
The console accepts an uptional list of up to five additional hexadecimal 
arguments. 

A motoe detailed explanation of the diagnostics may be found in 
Secttnn 4.4. 

QU(~lff"'rs . 

!"on~ 

. Argu1tlt'nts : 

• {tNt_number} - A two digit hexadecimal number specifying the 
test to bt- e"ecuted. 

$ (tNt_al1CUJllengj - Up to five additional test arguments.. Thee 
arguments are accepted but no meaning is attached to them by the 
c\illS($Je. For the tnterpretation of tnese arguments. consult the test 
specificat10n for each individual teat. ' 

Exanlples: 

• E~e=u~~ the Fower-uF diagnQst~c s=r~Ft 
, Wa:n ... n:;t ••• tl.l.s has th~ same- affect as a. f'c.we~-uf! 

4 ~ .• ',. \4 •• ~ f4 • 0 ;. ...... ~ ( _ • ~!. • " :l4 ... 3 3 ... 3:' •• 3 :. •• 30 •• ;; ~ ~ • 2 ~ •• ~ ..,.~ .2 E ., • .: = ... 
• ''; ••• ~ •• .: ~ .... : .• .: c •. _ 1 9t •• l ~ •• ~ .., •• 1 € .• :.: ... 14 •• : : .- • :; ... :. 1 •• 1 G •• C 9 •• 
\: ~ •• ( ...... to; f .... (. !; •• ~I'; .... 0 ~ .... 

t :..~ st. a':'.! <: f thi:: dl.agnost. ~ t~$t.s . 
• ,0. 
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'I~~t 

t A-:l::1"t=$S 

.. ' .. 

'-+ 

:'·4 

... .. ... 

.. " .... 

.: '1 ~ u; B£(I CJ 

;; ~1('4 t.'tO& 
;. (J{·4 :.: 9A 
~ (.:. 4 :.€ ~·4 
~Ori4 :: -"1: 
~nC·4 t~6'; 

':Ci~'; :,Ettc~ 

_~.~ 4 t ~~E« 
:':<14 t,y-l 
.,:'("114 !JE!F 
;:(H ~ E~l\C 

:,.( 4 E2!·~ 

~'Jr ~ F.4:)~ 

~'(.'( ~ Ef';; 

~~('4 

';:L·~··4 

F.AF4 
Et·!-~ 

~ ~ ",. 4 Erf':-~ 

4:u('4 EE(·~ 

;'-Ct(·4 F1 ~4 
:(t(~4 r"'E£ 
~r·('4 FE 44 
;(1(''; F~t·t 

'::Jp4 FBB! 
;:(11..14 Fr;~ 
~(lt'4 F££B 
;(\('4 Frt\~ 
~ I'" t" .... I.. \. • 

: .... ,(.~ 

~~l( f 
#"'r, "* C ... . \, . 

. ' ".,: ..... ... .. 
;. (),'!' 

.. . ' ....... ~ 
~o\: ~ 

."'0t'~ 

:l'( ~ 
.;.: l~~' ~ 

~(\\ . .' ~. 
:~'t0! 
~,~ (. ~ 

:(.,,' ~ 
:C'\. ~ 
... ·l'\. ! 
:C'I.,' ~. 

t·l;::.~ 

C"'t\~ 

(\F~C 

(tF'9~, 

l':~~ 

1 .. 81 
14F4 
lAF: 
1£"1 
~C~; 

:141\ 

~f'4B 

':A:'E 
3,)~:-

~~("t 

,:1~~!­

:-lBS'" 
~~BS 

[.,~ S~~ 

!:S:-yoweruF 
:~a'r:~· t uneout 
ROt-! lcg.1.c tttst. 
:'M:'!:l......P0W~7;Up 
':M:'!'L r-eg~ 
:~BI~...P0we::uF 
=;'BI.:' r~g~ 
:'QS I :--tnoerr.cr~' 
~c:.s:; le ser l.al 
:cnscle QVSS 
.:"onso16 QP~S 
~PSS self-ttt~t 

:FF.h 
Fl"o7J t. J.mer 
TC'Y C'lock 
:nte-r~·a~ tJ.rn~:; 

faramt,oters 

....... " .. ., 
••• 
• 
• 
ME!1CSRC_ addr 
•• 
• ........... 

.......... 

start_baud ~nd_baud .~ •••• 
roark not ~resent ••• - -tt1arx_not...,present se!ftest rC ~elft.est. rl 
~nout cs~ self test rO s~lft.st %1 ••• s •• . -- .... .... ••••• 
~h.ch timer wa~t ~~m~ us ••• 
r~F,eat _ tC$t _~SOn;; _ ea Toler.nee 
• 

.*.~ ..... * 
** •• 

.':1\>: C'H~'l':" CDAL dont_repcrt_memo:::y_b .. d repeat_count .. 
~a~he_me~_cqb.c stq~t_adct; end_adar adar_incr •••• 
~achel_d~a9_md addr_~ncr ........... . 
l..~ st cil.ags 
r1.s~f -QBT.tS test 
DEt.QA 

If cos%' •••••• 
dev~c~_n~;_adar •••• 

sse RAM ~ 

sse RA~ ALL .. 
SS: rE'gs 
\~.i:at. ua': tnod~ 
::a=he;:_tn~mcry 

:ach2'_J,nt~~rty 

:: acn~ _I'nemorl· 
:achel Cach~Z 
Beard ft-eset 
Ch~ck_f'or _ .. l.nt~s 
r-tEM_S~t uf ... C'SR$ 
r.!Et-!_ Slot rna F 
HEt-! t· at. a . 
!-1E~()~ ~'t @ 

HEr-! Adare$s 
~tEt"!_E-Cc" _Error 
!o1£!-I_M.:'4Skd_Errs 
~!EM_ C'orrect ion 
ME!-1 FOM Loa i co _ 4 

t-tEt-t Addr shrt ~ 
r-1£M:};et r;;sh 
MEf.t_ Cc-unt _Errs 
ttt 1.11. t. ies 
!.l.st .:Pt't regs 

• ....... 
start_addr end addr addr inor 
start_addr end:addr addr.:incr 
ad~r ~ncr ••••••••• 
addr_incr ....... s". 
••• .... 
........... 
• •• mark Hard_SSEs •••••• 

__ ••• w •• . ., ..... 

start add end add add incr cont_on_err ••••• * 
st~rt=add end:_dd add:incr cont_on_trr ••• *.­
~tart add end add add incr cont_on_~:r •••••• 
$t.art:add "-'n~i=add adcl-l.ncr cont_on_er~' ••• *** 
::.tart add -end add add-inc:: cont_on_err .*** •• 
start:add end:add add:l.ncr cont_on_err .*** •• 
••• Qont on err ...... . 
start_add end_ad~ ~ cont_oo_err patl pat2 •• *. 
start end ~nCl: cont. on err time seconds ***** 
F~rst board Last board-Soft er:$ allowed _._** 
£~pnd=er:_rosg get_mod~ init:LEOs-clr-ps_cnt 
• 
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f:ff ~(.J'J~, " -~. .. ~ ... . ....... 
. -. " . . . . • Snow the ciia9nost~c $tat~ • 
.. -.. ' ;. 
... . ·t f~ 

t 1 t.~f,~o·JaF)';C'(I. 1~n9t.h~O=1IC1. che~](sum=007E 

1· ";S:ll<\f'= (}OSFBC10C. 
:~~ur~ sta=k=~C:406A4 
~ Ut-tf_~~~ J c~ ::0(, -lEBSO 
t lm~c;ut =(J(1[.·OOOQ:', ~rror.:C1(', dE- error=O(J 
ct~ 4;!r::or ,-·ect.c:::.;OO~ s~verlty codo&:;OZ. total e:rcr ~~unt;::('C"( 
fr;~~ous:~rror=OOO~OOOO, orO~tOoo. OOOOOOOC; OOOO~000~ oooooooc 
: c.st _ e:::-fjFt. .. ~r.yc=~ 004EBDA 
f~a~~:;lFFFr.~F, test_fla9$=~C 

~lgh~st_se~er~ty=OC 

~(!j_ dl.sf';ay-=O€ 
~cnscl~_disFlay~OO 

$av~ m~hk ~~de=BO. save ~r: fl~q$=COOOOO 
f·a:- am~t. e: = 1 ~J('lO(.O(J(tc 2;CH.' COOOQ(' ~:;:OOOOOOOC· 
pet: cllt\E:t.f::t € =-{lr.O"I{)O~~! "=OOC·(\O(.O 0 &=20C'4EBitO 

4~00000000 !=oocooooo 
9~OOOOOOOO lO=20C560S€ 

T~-'Y :: ~€BAlr .... !:. 
T~~~ =(1(1000000 
~·Cr 1 =Oli0110~C'l 
F->:('t =,-000t'0:,)00 

MtEfo. ;;(\(!(l0000C' 

Bt)f.. ::::f"FFFFFttO 
S.:'F ;;OUOOC~t()O 

~aHBf\=OOOOOOOO 

=00000000 
'!'IRC :;:\.10000000 
':!1'l =cZBr7~:-1 
P.xt/C ==oooooooc 
~ADr .;;OO~CO(JCl~ 

t·~4EDFi=OOO(.l0(tO~ 

t\~ER =(10000080 
IPCEtn=OO;:O 

r-~Et-~_ FFtl 1 
:-1£~!_ FFt' - Z 
t-!Et~! FRU 3 
f.1Et-S _ FRt' 4 

MEt-~~SF 0:;: 800000 1 ~ 
MEM:=SR: 4;:8040(.'C l€ 
HEHCSf,\_ 8=0000000(' 
MEMCSR12=OOOOOOOC 
MEHCSRlt-~00000044 

TNIRO~OCJOOOOOO 

TNIR1~OOOOOOOF 

TXCS =00000000 

SSCCR~OOD45C33 

QBEAA-=OOOOOOOF 

TIVRC·~0000007a 

TIVRI:a:OOOOOC'1C 
Th~l:) =OCOOOO~O 

CBTC~=C0000004 

DEAR ~OOO(l0000 

l=OOOOOOl~ 

:·=8080001 f 
~;:vOOOOOOO 

l :=0000000(: 
1"?;:;00002C3C 

2~OOOOOOlS 

~~OOOO('l016 

1";:;00000000 
14;;:00000000 

~=OOOOOOl~ 
::::00000(\16 

11*=00000000 
15~OOOOCOOO 
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4.2.7.1. UNJAM 
F(lrmat: 

An I/O bus reset is perfonned. This is implemented oy writing 1 to IPR 
55. 

QUill tfwrs : 

None 

Argunlflllt.s : 

None 

Exalnples: 

4~2.7.1a X· Binary Lo.u .nd Unlo.d 
F()rnt.flt: 

X taddre •• } {countJ eeB> fline_checkauml 
ldata} {data_check."am) 

Th~ X (.'Ommand is for use by automatic systems communicating v.ith the 
console. It 'is not intended for use by operators. 

The console loads or unloads (that is. writes to met.t~ary, or reads from 
menlory \ the specified number of data bytes, starting at the specified 
address through the console serial line. regardless of which device is 
~er\rjng as (.h~ system console. 

If bit 31 of tb~ count is clear. dflta is to be l'e<.-eived by the console. and 
deposited into memory. If bit 31 oCthe count is.set t data is to be read from 
nl~nl(lryand sent by the console. The remaining bits in the count are a 
positiv~ number indicating the number of bytes to load (t·r unload. 



KA65S Ft!mware 4-53 

The console accepts the command upon receiving the carriage return. 
Tht! next bvte the consoie receives is the command checksum. YeO hich is 
not echoed: ,.·hl· command check8um is \-erified by adding an command 
charncters, including the checksum and separating whit~space. (but 
not including the temlinating carnage return or ruoouts or characters 
d~lewd b}' ruh<)ut J. intu an 8 bit register initially set to zero. If no errors 
octur. the result is zero. If the comtnand ch~cksum lS correct, the cun~()le 
responds with the input prompt and either sends data to the requ~st~r or 
prepares to receive datel. If the command checksum is in error, the console 
responds with an error message. The intent is to prevent inadvertent 
uperator t.:tltr~· into a mnde w hert, the console i~ accepting characters fram 
the keylx~ard as data. with nu escape mechanism possible. 

If the command is a load (hit 31 of the count is clear., the console responds 
with tIl(- input prompt. then uccepts the specified number of bytes of 
datu for depositing to nlemory. and an additional byte of received data 
checksum. The data is verifit.'<i by udding all data characters and the 
checksum ~hara~ter into an 8 hit r~gister initially set to zero. If the final 
contents of the register is non·zer()~ the data (lr checksum are in errol', and 
the consolE..' respunds with an error messal;e .. 

If the comnlund is a binarv unload cbit 31 of the count is set), the console 
responds \\rith the input prompt. followed by the specified number of bytes 
of binary data. I\S each byte is sent. it is added to a checksurll register 
initially set to zero. At the end of the transmission. the 2's complement of 
the 10\\' byte of the register is sent. 

If the data checksum is incorrect on a load, or if memory errors or line 
l'rr()r~ occur during tht.a transmiRsion of data. the entire transmission is 
~omplcte(1- ana then the eunsGlt- i:;sues an error message. If an error 
occurs during loading, the .. ~ontents of the memory being loaded are 
lTNPREDIC'rABLE. 

Echo is suppressed during the receiving of the dat.& string and checksums. 

l'u avoid treating flow control charncters from the tenninal as 'Jalid 
command line checksums, all flo¥," control is terminated at the re~.eptlon 
of the carriage return terminating the command Hne. 

It is possible to contT'ot the- console serial1ine through the use of the 
control charact~rs c12!!!l B, !,9t!!J~. letrU §l during a binary unload. It is not 
possible during a binary lond. as an ;eceived characters are valid binary 
data. 
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Datu being loaded with a binary load command must be received by the 
cunsole at a rate of at least one byte every 60 seconds.. The command 
checksum that precedes the data must be received by the console \\ithin 
60 seconds of the carriage return that ternlinates the command line. The 
data checkuum must be r~ceived within 60 seconds of the last data byte .. 
If any of these timing requirements are not met the conoole a}x)rts the 
transmission by issuing an error message and prompting for ihput. 

The entire command, including the checksum, can be sent to the console 
as a single burst of characters at the console serial line·s spe(..ifled 
charactel· rate. The console is able to. re~eive at least 4 Kbytes of data ',' . 
it:l a sIngle X comnutnd. 

Ql.cal,fwrs : 

None 

Argunl(,l~ts ; 

Nont' 

l~Xtt1t~plt·s : 

None 

4.2.7.20 t • Comment 
F()rnlat: 

t . 
lh ....... criptlo'l : 

The comment comnland is used to document comtnand sequences. The 
cOlunlentcharacter can appear anywhere on the cotnmand line .. All 
c.~haract(~rs foUo\\'lng the comnlt~nt character are ignored. 

Qu,nli/iers : 

None 

ArRllnU!lzts : 

None 

Ex(znzpif's : 

... ·.>t '!'he- ('cnscle J.gnores this ':'l.n~ • 
... , '"- ' .. 
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4.2.8 Conventions for Tables 4-5 and 4-6 
Tables Table 4-5 lists a complete summary of the console commands. 
'tahle 4-6 is a summary of the qualifiers recognized by the KA655 console. 

The fullo\\.ing is a list of conventions used in Tables 4-5 and 4-6: 

• UPPERCASE denotes the command or qualifier keyword. 

• {~denotes a mandatory item which must be syntactically correct. 

•. (1 denotes an optional item. 

• !. denotes an "or" condition. 

• bootJlags, count, size. address. & parameters denote hex longword 
valucfl. 

• h(1ot_det~lCt" denotes a legal ~t de\-lce name. 

• csr _address denotes a Q22 .. bus 110 page CSR address. 

• ("o1'l.trolltJr _number denotes a c(1ntrollel' nwnber from 0 to 255. 

• language _type denotes the language value. from 1 to 15. 

• c01nnlalld denotes a console command ot.her than REPEAT .. 

• data. pattern. & mClsk denote hex valuee of the current size. 

• test_nulnber denotes hex byte test number .. 

Command 

He)OT 
CONTINUE 
OEPOSIT 

EXi\..,tINE 

FIND 

Qualifier 'I 

IB 1\\- IL IQ - IG II IV IP 1M 
~J 

IN: {counU· ISTEP: hnzE-t 
/WRONG 
IB IW II .. IQ - IG '1 ·V IP 1M 
IU 
!N:{counti ISTEP:h~izaJ 
I\\"R()NG 
IlNSTRUCTION. 
lMEMIRPB 

Argument 

{addre88~ 

I {addre~sl J 

Other(s) 

{datal 
( {datall 
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Table 4-5 (Cant.) Con801e Command Summary 
COnlmand 

HALT 
HELP 
INITIALIZE 
MOVE 

NEXT 
RIt;PEAT 
Sr:ARCl! 

SET 
Bl'-'L{AKi 
SET BOO'!' 
SET HOST 

SET HOST 

. 

SET 
LANGUAGE 
SHO\V 
BFL<A)G 
SUO\\' 
BOOT 
SHO\\' 
f:TH:r:RNET 
SH()\\' 
LAN(~UA(;E 

Qualifiers 

1B IW fL IQ - fV ,'P IU 
IN :icountl ISTEP:{size~ 
"\VRONG 

/B I\V fL IQ - IV IP IV 
1N:lc()untl/STEP:hdz~1 
l\VRONG 
/NOT 

IDU? IUQSSP {!DISK! 
"rAPE I 
IDUPIUQSSP 
~lAIN1\ENANCE IUQSSP 
lSERVlCE 
IMAlNTENANCE IUQSSP 

SHO\V /FULL 
ME~10RY 
SH()\V 
QBU~ 

SHO\\· 
RL\-12 

Artfument 

{s1"C_address} 

[ {countl} 
{commandl 
(start_address I 

{bitmapl 

{device_string} 
{control19r_ 
nwnberl 
tcar_address} 
{(ont'roller _ 
nunlberl 
{r.lIr_address} 
Onnguage_type) 

Other(.) 

{dest_ 
addressl 

{patternl 
[{maakll 

ittaskl1 
{{task}} 
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Table 4-5 (Cont.t Console Command SUmmary 
Co .... nel ~fctlalifie ... Ariw."ent Otber(s) 

SHOW 
UQSSP 
SHO\V 
VERSION 
START" -{addrel!IJ 
TEST {test_numberl [{parnmetE-rs} 1 
UN,JAM 
X {addressl tcountf 

Tlble4-6 Con.~~I. Qualifier Summary 

D.ta Control 

IS 
IY: 
IL 
'Q 
1N:(countl 
ISTEP:{slzet 

I\\'RONG 

Hyte_ leJ.!al foT' mpmc.:ry references only: 
V~1ord. lef,tal for memory references onl~ 
Lol1gword. the default for GPR and IPU references 
Quat!word. legal for memory reference& only 
Sped f)' number of additional operationu 
OvelTid~ the default step incrementlng size with the ,'alue 
s~cified fu~ the current reference 
IgnorE' ECC bits on reads. U~ an ECC "alue of 3 on writes 

Addre .. Spt'ce Control 

IG 
II 
IV 
!P 
It' 

1M 

General Purpo8E' Reglllters 
Internal Proces50r Regt:ltera 
Virtual memory 
Physical memory, ~th VAX memory and ItO spaces 
Protected memol")t (ROMs, SBC RA..\1. PFN bitmap. and 90 

on.) 

Machineo state (PSL) 
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Tsble C-6 (C:ont.) Console Qualifier Summlry 

IIN~TRtT{'TI()N 

'N{)T 
1R5;{hoot_ fi(Jot:sl. 
I (lW(lt _ flai-ts; 

;"RPU. i~1EM 

.'DtJ!,. 
IC'~RSP. 
:'DISK ·'rAPE .. 
1l\1AINTf:NANCE. 

E'{!lMINE command onl~·. Dil;Clssemblf:' tht- instruction at 
ac·,d. eS8 spt'Cified. 
S:$ARCH command onl)'. I n,oert tht- 8en~ of the match, 
BOOT command only. Specify a function bitmap to pass to 
\'MB through R."i. R~fer to FIgure 4-1 for a bit description of 
~t), Either fonn of the command IS acceptable. 
Je'IND command unly. Search for \'ahd RPB or good block of 
mpmor~·. 

SET HOST command only. Rt~fer to command dE'~criptlon for 
uHage. 

4.3 Bootstrapping 
B(K)tstrapping is the process of loading and transferring control to 
an operating system. The KA655 supports bootstrap of the following 
operating systems: VAXNMS,l.ntrix-::l2. and VAY.ELN. AdditionaU)'. the 
KA655 will boot MOM diagnostics and any user application image which 
confonns to the boot formats described herein. 

On the KA655 a hootstrapoccurs whenever a BOOT command is issued at 
the console or whenever the processor halts and the conditions specified 
in the Table 4-1 for automatic bootstrap are satisfied. 

4.3.1· Boot Devices 
Thl' KA655 finnware pnsses the address of a descriptor of the boot device 
nanlt:' tu \~tB through RO. The de\~ce name used foT' the bootstrap 
operation i~ one of the follov.°ing: 

• XQAO. if no default boot devic..~ has been specifi(.-d 

• The defnult boot dc\'ice specified at initiai power·up or through a SET 
B{)OT commnnd 

• Th~ boot de\'ice name explicitl~· specified in a BOOT comm~nd tine 
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Thei' device name may be any arbitrary character string, with a ma"(imum 
lel,gth of 17 characters. Longer strings cause an error message to be 
issued to the console. Otherwise the console makes no attempt at 
interpreting or validating the de\r)ce name. The console conver:s the 
string to all upper case. and passes \-'MB the address of a string desc-riptor 
for the device name in RO. 

Table 4-7 correlates the boot device names expected in a BOOT command 
with the corresponding supported devices. 

Tablelr-7 KA655 Supported Boot Devices 

Boot ControU.r-
N .. e 1 Type Device Type(.) 

Di.k: 

DUcn RQDX3 RD52, RDS3. RD54, RX33. RX50 
MSCP 
KDA50MSCP RA70. RASO, RA81. RA82, RA90 
KFQSA Rl"30, RF71 
MSCP 
KLESI RC25 

DLen RL\'12 RLOl, RL02 

Tape; 

~tucn TQK50 MSCP TK50 
TQK70 MSCP TK10 
KFQSA 
MSCP 
KLESI TUStE 

Network: 

XQcn DEQNA 
DELQA 
DESQA 

I Boot dflVlCt' m.me~ con .. "t ofminlm.tly a two let.~ device eode~ follDwed b)· a KU181e 
character controller letter (A ... Z). and temunating In a deVlce unit number (0 ... 65535,. 
DSSI de\'1c~ names may optlonally lnc1ud~ • node prefix, c:onBlaung of either a node 
nUlnber (0 ... 7) or a nodtl name (a string ftf up to 8 characters), wmunatmg in a""'. 
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T.l* 4-7 (Cont.) KA655 SUpported 8~t Devlc .. ~ 

PROM: 

PRAO MRVll 

1 Boot d.vic~ name. con.nlt 9f snirumall)O a two letter device cod". followed by • single 
character controller let.ter <A ... Z>, and tenrunating In • device unit number (0 ... 65535). 
nSSI df.\\,c,· name" ma)- optlcna11~' include. node prefuc. consiatulg or either a node 
number (0 ... ;) or a node name (at 8tnng of up to 8 ehaneten'l. tenninatmg in a "$' .. 

NOTE 
Table 4-7 preeents a definitive Jiet ot boot derieM which the 
KA6M auppol1L However, the KA8S5 wil11ikely boot other clevic" 
which adhere to the MSCP .tanclard .. 

4.3.2 Boot F"g~ 
The action of VMB is qualified by the value passed to it in R5. R5 
contains boot flags that specify conditions of the bootstrap. The firmware 
passes to VMB either the RS value specified in the BOOT command or the 
default boot flag value specified y.ith a SET BFLAG command. 

Figure 4-1 shows the location of the boot flags used by VMB in the boot 
flag longword and Table 4-8 describes each flag's function. 

9 S 6 $ ~ 3 0 

I I II III r"TI 
,n'9S' '''L T _ I i I 
RP8S\' SOltC'T _==-.J f 

~~9$~ HEAQ~R l 
RP9$\' 800£'P'Y' -------' 
RP8SV OIAG _______ -J 

RPB$\' 8tlL('\C.... -----.------' 

RPS,.\" \n~\' --.-----------' 

Figure 4-1 VMS Boot Flip. 



o RPB$V_CONV 
3 RPB$V'_ 

BBLOCK 

4 RPB$\~O~G 

Ii RPB$V_ 
BO()BPT 

(~ RPB$V_ 
liEADER 

31:28 RPB$V_ 
TO~YS 
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DHeriptioll 

Conversatlonal bootstrap 
Mcondary bootstrap from hootbl()ck. \Vhen thIs hit 
ia M't. \'MB reads logi~.a[ block numbt-r 0 of thE' 
boot deVlce and teats it for confonnanct' with the 
bootblotk format. If1n confonnance. the block i~ 
execut~d to c(1ntinu~ the hoottltrap. No attempt to 
perfonn 4l Filf:\~·ll bootstrap is made. 
DiaEmostlc hootstrap. "'hen thls bit is set. 
the.' load lma~ta requeawd over thtt network IS 
I SYSO.SYS~NTIDIAGBOOT.EXE. 
Bo()tstr~\p hrt'akpoint. If this flag is set. a 
breakpoInt inMtruction iii executed in VMS and 
control is transferred to XDELTA pnot to boot. 
Imag(t header If thi~ bit is set. \1MB transfers 
control to the address s~cified by the file's image 
header If thltt hlt tR not set, VMB transfers control 
t() th .. fint location of th~ load image. 
Filp nam~ Holicit. When this bit lS set. \~tB 
prompts thp o~rator for tlte namt- of the 4lpplication 
tma~~ file. A maximum of a 39 character file 
Hpt'cificatlon lS pennltted. 
Halt ~fort' tr .. nsfer. \\'ht!n this bit. is set~ \'MJ.l 
h~lt~ hefon- transfeniof: control to th~ application 
tmal!e 
Thlt~ fit-ld can lw any value from 0 through F. 'l'his 
fla~ chang~a; the top le\tel dl1"ectory name for the 
sYNtem du~k~ "lith multtple operating syswms .. For 
exampl~, if TOPSYS lS 1~ the top 1(,\,,,1 directory 
nam~ 11:' (SYS1 .. I 
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4.3.3 P .... ring for the Boat.trap 
Prior to dispatching to the primary bootatrap (VMB). the firmware 
initialjzes the system to a known .tate. The initiatiution Mquence is 
the following: 

1. Check CPMBX<2>(SIP). Ifit is Nt. bootatrap fails. 

2. If this is an automatic bootstrap. print the message "Loading sy.tem 
software" on the conlOle terminal. 

3. Validate the boo,t device name. If none exists, supply a list of available 
devices and prompt uaer for a device. If no device is entered within 30 
seconds. use XQAO. 

4.. Write a fonn of this BOOT request including the active boot flags and 
boot device on the con.ole. for example H(BOOTIR5:0 DUAO)". 

5. Set CPMBX<2>(BIP). 

6. Initialize the Q22 .. bus scatter/gather map. 

a. Clear IPCR<5,CLMEAE). 

h. Perfnrm an UNJAM. 

c. If an arbiter. map .11 vacant Q22.bus pages to the corresponding 
page in local memory and validate each entry if that pace ia aood. 

d. Perform an INIT. 

e~ Set IPCR<5>(LMEAE}. 

7. Validate the PFN bitmap. If invalid, rebuild it. 

S. Search fOT a 128 Khyte contiguous block of good memory a& defined by 
the PFN bitmap. If 128 Kbyte cannnt be found. the bootatrap fails. 
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9. I nitialize the ~enerat purpose registers. 

RO = address of de&criptor of the boot device name or 0 if none 
specified 
R2 ::: length of PFN bitmap in bytes 
R3 ::: address of PFN bittraap 
R4 = time of day from PR$_TODR at power-up 
R$ = boot flags 
RIO = halt PC value 
KIt = halt PSL v~lue (without halt code and map enablek 
AP = halt code 
SP = base of 126 Khyte good memory block + 512 
PC = base of 128 Kb~1e good memory block + 512 
Rl t RB. R7. Ra. R9. FP = 0 

10. Cupy the \'MB image from EPROM to local memory beginning at the 
base ()fthe 128 Kbyte good memory block + 512. 

11. Exit from the finnware to memory resident. VMS. 

()n ('ntty to \'l\tB the processor is running at IPL 31 on the interrupt 
~tack with memory management disabled. ° 

4.3.4 Priruty Bootstrap, VMB 
Virtual memory boot (VMB) is the primary bootstrap for booting VAX 
processors. On the KA655, VMB is resident in the finnware and is copied 
into main memol"~· before control is transfetTed to it. VMB then loads the 
~econdary bootstrap image and transfers control to it. 

NOTE 
In certain caM" auch •• VAXELN. VMB actually loacla the 
operatinc ayatem directly. However. for the purpotte or ibis 
ditaeu .. icm ~ 600t.trap refers to any VMB loadable i ... e. 

\~fB inherits a well defined en,9il"onment and is responsible for further 
initialization. The following summarizes the operation of\TMB: 

1. Initialize a tw~page SCB on the first page bo~ndary above \'"MB. 

2. Allocate a thtoe:e-page 8ta~k above the ses. 
3. Initialize the restart parameter block , .i.;~B). 

4. Initialize the secondar)flxtOtstl-ap argun.ent list. 

5. If not a PROl\i boot. locate a minimum of 3 consecutive \"alid QMRs. 



4-64 KA655 Firmware 

6. Wnt~ "2" tu the dlagnostic LEDs and display ·'2.:" on the cotl~le to 
indjt:ate that \"'IB is searching for the device4 

1. Optionally. s()H,~it from the- console a "Bootfile: I· nanle. 

H. Wntt- the name of the boot de"ice from which \'MB wiU attempt to 
hCKJt <.n th~ cons<»le. for example. ·· .. DCAO··. 

9. (~op~' the secondary bootstrap from the boot de\rice into local rnemory 
nb:)\'c the stac'·k. If this fails. the bootstrap fails. 

10. Wntt' "1" to th~ dlagnC)stlc LEOs and display "1.:' ()n the console t<) 
uldlcat~ that \''l\!B ha~ found the sec()ndar~· bootstrap image on the 
boot de\"l~ and hets load~d the image into local memory. 

It. (~tcar CPl\tBX<2>(BIPJ and CPMBX<3:>(RII»). 

12. \'-ntt' "0" tn the dingnostk' LEOs and display "0 . ." Oil the cunsole to 
indacilt<a that \ 1'IB ttl now transfemng contt"ul to the loaded image. 

t:i 1rnnsfer control to tht- )(Iuded image "'lith the foU<.wing register 
u~,g~: 

as = trunsft.'r uddre~s in Nec()ndar~' bootstrap image 
RIO = hast.· uddress uf ~econdaty bootstrap metnor)' 
KII = ba~· 4,ddres~ of RPB 
Alit = hast- uddress af secunda,-,' boot tlurameter block 
SP ::: current shIck pcnuter'" -

If t ht! huotstrnp upt,rntlun fails. \TMB relinquishes control to the oonsole 
h~' halhng .... "ith u lJ."LT instructiun. 

NOTE 
~~B make .. no .Iu'umptiona about the location of Q22-bua 
memott)·. However. VMB Hearcheti thmuch the Q22·bWi map 
f'egi8terti (QMIb) for the firat QMR ma .. ked valid. VMB require. 
minimally Sand maximally 129 contilCau" .. valid ldaJNi to eo_plete 
a boowtrap operation. If the Ie.reb exhauaw all map .... ter. 
Qr there are re~·er than the required number of valid mapM. a 
beat"trap cannot be performed. It is recommended that •• uitable 
block of Q22.buli memor)· addreH ttpace JM. available (WUIUlppecl 
to other de\r1celi) for proper operation. 
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Below is a sample conllOte display of a succe •• ful automatic bootstrap:c 

Lcadlng syst.m softwar •• 
(S0'T:'P'S: (. OUAO) 

'" .. 
-DU1.0 

1 •• 0 •• 

. After a successful bootstrap cperation. control is passed to the se(()ndary 
bootatrap image with the memory layout as shown in Figure 4-2. 

r-
• • • 

1--. 

I 

I 
"" I 

I 
• 

RPt' 

\'~Et IM4'1E 

-<;;('·6 "wn PAtiE'';· 

~'Ant ,TI-4REE ~AG£S., 

c;ErO~~OAR\ e04...)TstRAP Ia.4AGE 
frO llftlYIAll"" ~xr~EP'-;~i.O(,t<, 

.- - ~ - - - -
. 

• "N·'S{it'~£J.'nRv 

• 
F'FN9lT"AP 
,('IN It PAne BOUNDAR,. 

- -

• • • 

• • • 

~~ PAGES FOR V..-
1i'l<lt~ .. 81.OCK or: 
GOOO' t.teMOf'v 

,PAGE ALla~EOl 

J 

'Q~~ell~ ~rA"ER~ATl-IE~"'AP I' ~I>AG~S 
,ALWAVS t'~ n t\f'ytft aOuNOAAv. \...-________________ .....--,J 

• 
• P(\'E~T"'t. 'llA£:' ..-e"'<"'Rv 
• , 

Ftgur. 4-2 Memory Layout at VMS exit 

• • • f 
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I n the event that an operating system has an extraordinarily large 
Kecondary bootstrap y;hich overflows the 128 Kbytes of good memOi'Y. 
VMS luads the remainder of the image in memory above the good block. 
Huwever. if there are not enough contiguous good pages above the block to 
toad the remainder of the image. the bootstrap fails. 

4.3.5 De~ic .. Depend.nt Bootstrap Procedure. 
As !uenti(lned earlier. the KA655 supports bootstrapping fram a variet~· of 
l)(xlt dtaVlces. The following sections describe the \earious device-dependent 
hoot procedures. 

4.3.5.1 Dlik .nd T.pe Bootalr. Procedure" 
Tht.- ~~isk and tupe bootstrap supports Files-l1 luokup (supporting only 
thl~ (>DS level 2 fil~ structure) or the boot block mechanism (used in 
PR()~t hout ulSQ). Of the standard DEC operating systems VMS and EL.~ 
USt- t ht· ft1 iles-l1 buotstrap procedure and Ultrix·32 uses the boot block 
nlcchanisnl. 

\~fU firat attempts a Files .. l1 lookup, unl~ss the RPBSV_BBLOCK boot 
flag lS set. if \71\1n detennines that the designated boot. disk is a Files·II 
volume. it search~s the v.olume fOT the designated boot program. usually 
{SYSO.SYSEXE IS\"SBO()T.EXE. However, VMS can request a diagnostic 
image or prompt the user for an alternate fil~ specification (Section 4.3.2). 
If tht: lxKlt image canraot be fbund, \'MB fails. 

If th ... volume is not a Files .. 11 volume or the RPB$V _BBLOCK boot flag is 
set. thlll hoot block mechanisnl proceeds as follows: 

1. Head logical block 0 of the selected boot de\ice (this is the boot block). 

2. '·alidatf! that the contents of the boot block conform to the boot block 
f(U'ulat (Figure 4-3). 

:t {: S~ the hoot bl()Ck to find and read in t.he secondary bootstrap. 

4. '1r~nl~fer oontn)l to the secvndary lx>otstrap image. just as for a Files­
l:t boot. 

Tht: funnat of the boot block must confoml to that shown in Figure 4-3 .. 



• 

,,... .. 
~-

~e;. ' •• , .••• ' 

.. ---

... -_.-

KA655 Firmware 4-67 

I .1 Ai'~" VA!"'ue 

t.~\*; te~ HI~Hll'N 

o 
- --=-

! .. I t8 .H~X' 
I . 

A~v '. AllIE -.c .... ~t 1.IKEt.'f fl 

... 
<:tZE IN s~or"r (",I; tHE IMAGE 

Lt'JAt' n~:5fT 
.. 

(",S:~S£T :."0 ,II.4.AGE 'r.(\ START 

";. I'," n: ~~E ~P.t· ... lry_l«: THREE lON~'NOR(\$ 
' . 

. ,. tHE 'A·~E)(. !~C,,('4\TE':~ TJ..IIc;. I~'" VAX '''~SlRIJCTION SET 

'~I 'E' .HE'lI •• " l'HE' ()',E s C':OPJ~lEME"'t os: CHK 

Figur. 4-3 Boot Block Fornwt 

4.3.5.2 PROM Bootstrap PrOC*ture 
The PROM bootstrap uses a variant of the boot block mechanism. VlwIB 
searches through Q22·bus memory on 16 Kbyte boundaries for a valid 
PROM signature block. the s~ond segment of the bont block is defined in 
Figure 4-3 . 

• \t e~ch boundary. \ ~B: 

1. Validates the readabibty of that Q22·bus memory page. 

2. If readable, check to see if it ~ontains a valid PROM signature block. 

If verification passes. the PROM itnage will be copied into main memory 
and \YMB \\ill transfer control to that image at the offset specified in the 
PROM bootblack. If not. the next page will be tested. 
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NOTE 
It is ~10t necellaae-y that the boot imace actually ni8ide in PROM. 
Any boot image in Q22.bus memory space with a valid .ipature 
block on a 16 Kbyte bcun~ry ia a candidate • 

. The PROM image is copied into mmn memory in 127 page "chu.nks" until 
the entire PItOM is moved. All destination pages beyond the primary 128 
KDyte block are verified to make sure they are marked good in the PFN 
bit.map. The PROM must be copied contiguously and if all required pages 
cannot fit into the memory immediately following the VMB image, the 
boot fai Is. 

4 .. 3.5.3 Network 8oot.tr.~ Procedure 
Whenever a network bootstrap is selected on a KAS55, VMB makes 
continuous attempts to boot from the net\\tork. VMB uses the DNA 
maintenance opemtions protocol (MOP) as the transport protocol for 
nt~t work bootRtraps and other network operations. Once ~ network boot 
ha~ hee~ invoked. \TMB turns on th~ designated network link and repeats 
lond attempts, until ~~ither a successful boot occurs or it is halted from the 
operator cons(»le. 

-The KA655 supports the load of a standard operating system. a diagnostic 
image.' or a user,designated program through network bootstraps~ The 
def~tult image is the a standard operating system, however, a user may 
Hel~ct an alternate image by settirag either the RPB$V _DIAG bit or the 
RPB5l\'_~~()LICT bit in the boot flag longword R5. Notej'that the RPB$V_ 
SOLICT bit has precedence over the RPB$V~DIAG bit. Hence, if both bits 
are ~et. then the solicited file is requested. (Refer to Figure 4-1 for the 
usago of these. bit s. ) 

NOTE 
VMS aecepts a maximum of a 39 character file specification 
for solicited boots. If the network server is running VMS the 
rotlo"i~g defaults apply to the file specification: the directory 
M()MSLOAD:. and an extension .SYS. Therefore, the 39 character 
file Sl~cific&t.ion need only eonsist of the filename if the default 
directo11' and esten&ion attribu~es are uaecL 
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The KA655 VMB uses the MOP prograln load sequence for bootstrapping 
the module and the MOP "dumplload" protocol type for ioad related 
nlessage exchanges. The MOP message types used in the exchange are 
listed in Table 4-9. 

\7MB. th~ requester, starts by s~nding a RE~PROGRAM message in the 
appropriate envelope to the MOP rlunlplload multicast address. It then 
.... 'aits for a response in the form of a VOLUNt,rEER message fronl another 
node on the net\\'o'i"k, the MOP load server. If a response is received, 
then the destination address is changed from the multicast address to 
th~ ;tode address of the server. The same REQ...PROG~'\t message is 
retransmitted to the server as an acknowledge which initiates the load. 

Next. \~B begins sending RB;'LMEl\1_LOAD messages in response to 
either: 

• MEl\1_LOAD message,. while there iF still more to load 

• l\!EM_LOAD_ \\·_XFER, if it is the end of the image 

.. PARAI\1_LOAD_'N_XFER. if it is the cnd of the image and operating 
s~gtem parameters ar~ required 

The load nutnber field in the load nlessages is used to synchronize the 
load sequence. At tht.~ beginning of the t!xchange, both the reqt·.ester and 
server initialize the load number. The requester only increments the lead 
nUlnber if a load packet has been successfully received and loaded. This 
fhnns the acknowledge to each exchange. 'J'he ser~er \\il1 resend a packet 
Yti th a specific load number, until it sees a request y.ith the load number 
incremenwd. The fhull acknowledge is sent by the requester and has a 
load number equivalent to the load number of the appropriate LOAD_",'_ 
X}e""'EH message + 1. 

During the boot sequence if no response is made to the RE~PROGRAM 
me~sage in the current tirne·out limit t the time·out limit is increased 
linearly up t<~ a maximum of about 4 tninutes. The initial time-out limit 
18 4 seconds. 

4.3.5.4 Network Listening 
\\llile the KA655 is y.eaiting for a load \'olunteer during bootstrap, it 
hstens on the nct\\-ork for other maiy,tenance messages directed to the 
node and periodically identifies itself at 8 to 12 minute intervals. In 
partieular, this listener supplements the AtOP functions of the \~B 
load requester typi~'ll1y found in bootstrap firmware and supports the 
following: 
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• A remote console server that generates unsolicited SYSTEM_ID 
messages every 8 to 12 minutes'and solicited SYSTEM_ID messages 
1n response to REQUEST_ID messages, as well aSt COUNTERS 
messages in response to REQ,..COUNTERS messages. ' 

• A loophack f!erver that respot'lds to Ethernet LOOPBACK messages by 
echoing the message to the requester. 

• An IEEE 802.2 responder which replies to bClth XID and TEST 
messages. 

During network operatioG the firmware listens only to MOP "LoadIDump,·t 
MOP UI{etttote Console;" and Ethernet ttLoopback Assistance" messages 
protoculs directed to the Ethernet physical address of the node. All other 
Ethernet protocols are filtered by the net\vork device driver. Additionally, 
IEEE 802.3 messages are also processed by the netwo.rk listener. 

The !\fOP functions and message types which are supported by the KA655 
are summarized in the following tables .. 

Table 4-9 KA655 Network Maintenance Operations SUmmary 

Function Role 

Dump 

Load 

R(lqU~stel" 

Server 
Rtaquester 

Server 

Requester 

Trallamit Receive 

MOP Ethernet aud IEEE 802.3 Me ... g" 1 

REQ... 
PROGRAM~ 
REQ..ME~'{ __ 
LOAD 

to solicit 

to solicit & 
ACK 
or 

or 

VOl~UNTEER 

ME~I_LOAD 

~tEM_LOAD_w_ 

XF'ER 
PARAM_LOAD_ 
w_XFER 

1. AU un~h(,lwd Inl'~~gcs are Ment III r:thomet <MOP V3) and Ir~r:J.: 802.2 <MOP V4}. until 
the.' PttOP ,,·ertUCln of tht- sen-lar lS known. All RObcited nlcssag(."S are sent in the format \J.&ed 
for tlw rt'qu('st. 
~Thl· u.ltlalltJ.~QJ)ROQUAM nl~asagc is sent to the dumpload multic~u:.t address If an 
u~slKt1tn{"t' V014UNTEJo:l~ nlos~gc IS rt'Ceived. th..,n the responder·s address is used as the 
d"stlnntlon ~ repeat tht'- RJ.XLPROGIWi m~li'sage and for all 8ub84!quent RE~MEM_ 
I.OAl> nwtL&;ages. 
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Table 4-9 (Cont.) KA655 Network Maintenance Operations Summary 

Function Role TraD •• it Receive 

MOP Etbenaet aud IEEE 802.3 M .... _ 1 

Server SYSTEM_ID3 in response REQUEST_tD 
to 

COUNTERS in response REQ.. 
to COUNTERS 

BOOT 

Loopback Requestet- --. 

Server LOOPED_ in responae LOOP_DATA 
DATA" to 

IEEE 802.2 M ..... • 

ExchangE' Requester-
ID 

Server XID_RSP in reapona~ XID_CMD 
to 

Te~t Requester 
Server TEST_RSP in reaponle TES1'_CMD 

to 

1 All un80hcited meNlages aTe Rent. Ul Ethernet (MOP va) and IEEE 802.2 <MOP V4>. until 
th~ MOP version of the server is known. All solicited messages are eentin the format me;! 
for tht- ft'quclt. 
3SYSTEM_ID mMugtl6 are M!nt out eve~· 8 to 12 minutes to the remote cOlUWle multi cut 
~ddrEM and on receipt of a REQUEST_ID mell&agethey are sent to the initiator. 
"LOOPED_DATA me .... gea aTe Hnt out in !"e8ponae to LOOP_DATA mC!lUg.-. Theae 
m_uges are actually In Ethernet LOOP TEST format. not in MOP format. and when Mnt 
in Ethenlet frames omit the additional length field (padding is disabled). 
r'IEEE 802.2 RUpport ofXlD and TEST is limited to ClaM 1 operations. 
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4.4 Diagnostics 
The ROM based diagnostjcs constitute a major portion of the finnware 
on the KA655 and COllsist of an initial power-up test and a series of 
function.~l component diagnostics. These diagnostics run autom·a.~ically 
on power ... uf.\ and can be executed interactively as a whole, or as­
individual tests using the TEST command (&ction 4.2.7.17). This section 
summarizes their operation. 

The purpose of the ROM based diagnostics is multifaceted: 

1. During power-up. the diagnostics determine if enough of the KAG5S is 
working to allow the console to run. 

2. During the manufacturing process, the diagnostics verify that the 
board is con·ectly buil t. 

~s. In the field, the diagnostics verify that the board is operational. and 
to report an detected errors. 

4. -rhe diagnostics allow sophisticated users and Field &:rvice 
technicians to run individual diagnostics interactively, with the intent 
of isolating en'ors to the FRU. 

To accommodate these requirements, the diagnostics havf~ been designed 
as a collection of individual parameterized tests~ A data structure, called 
a script, and a program, called the diagnostic executive, 'Jrchestrate the 
running of these tests in the right order with the right p.arameters. 

A script is a data structure that points to various tests .. There are several 
scripts, one for the field. and several for manufacturing, depending on 
where on the manufacturing line the board is. Sophisf.,icated users may 
also create their own scripts interactively. IAdditionally, the script contains 
other information as follows: 

• What parameters need to be passed to the test .. 

• What is to be displayed~ if anything, on the console. 

• What is to be displayed, if anything, on the I ... ED .. 

• What to do on errors (halt. loop, or continue). 

• Where the tests may be run from. For example,. there are certain 
tests that can only be run from the EPROM. Other tests are position 
independent code (PIC). and may be run from EPROM. or main 
memory in the interests of execution speed. 
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The diagnostic executive interprets scripts to detennine what tests are 
to be run. There are several built in scripts on the KA655 that are used 
for manufacturing. power·up. and Field Service personnel. The diagnostic 
executive nutomatical1y invokes the correct script. based on the current 
environment of the KA655. Any script can be explicitly run with the 
TEST command from the console tenninal. 

The diagnostic exec.utive is also reeponsible for controlling the tests so 
errors can be caught and reported to the user. The executive also ensures 
that when the tests are rWl. the machine is left in a consistent and wen 
defined state. 

4.4~ 1 Error Reporting 
Before a console is established. the only error reporting is through the 
KA655·s diagnostic LEOs (and any LEOs on other boards). Once a console 
has been established. all errors detected by the diagnostics are also 
reported by the console. When possible. the diagnostics issue an elTor 
summary on the console. Example 4-5 shows a typical error display, 

734 ; o~ FF 00 0000 

fl~OOOOOooo P~=00000003 f3=00000031 
ff=FFFFFFFF P~=oooooooo ps=oooooooo 
:;0=00114898 rl=FFFFFFFF r:=20C~D2FO 
rS=O(lOOOOOO rt,=AAAAAAAA ::'7=00000000 

Example 4-5 D._gnostic Register Dump 

P4=OOOOOOll P5=OOOC2000 
P9=OOOOOOOO P10=2005438F 
::3=55555555 r4=AAAAAAAA 
rS~OOOOOOOO ERF=800001BO 

The numbers in parenthesis on the right side of Example 4-5 refer to 
lines of the display and are not a part of the diagnostic dump. The 
information on these lines is summarized as follows: 

1. Test summary containing six hexadecimal fields. 

R. ?34. teat identifies the diagnostic test. 

h. 2. aeverity is the level of a test failure, as dictated by the acript. 
Failure of a severity level 2 test causes the display ~f this five .. line 
error printout, and halts an autoboot to console 110 mode. An 
error of severity level 1 displays the first line of the error printout, 
but does not intenupt an autoboot~Most tests have a severity 
level of 2. 

(1) 

(2) 
(3) 
(4) 
(5) 
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c. 08, error is a number. that in conjunction with listing files, 
isolates to within a few instructions where the diagnostic detected 
the error.. This field is also caned the subtestlog. 

d. FF. de_error is a code with which the diagnostic exeCutive signals 
the diagnostic's state and any illegal behavior. This field indicates 
a condition that the diagnostic expects on deteciing a failure. The 
possible codes are: 

FF .. Nonnal error exit from diagnostic 
FE .. Unanticipated interrupt 
FD • Interrupt in cleanup routine 
Fe .. I ntermpt in intelTupt handler 
FB - Script requirements not met 
FA 0 No such diagnostic 
EF .. Unanticipated exception ill executive 

e. 00. vector is the SCB vector (if non-zero) through which an 
unexpected exception or interrupt trapped. wh~n the de_error 
field indtcates an unexpected exception or intelTupt (FE or EF). 

f. {K)()o. count is the number of previous etTilrS that have occurred. 

2. PI ... PS are the first five longwords of the diagnostic state. This is 
int~rnal infonnation that is used by repair personnel. 

3. P6 ... PIO are the last five longwords of the diagnostic state. 

4. RO ... R4 are the first five GPRs at the nloment the error was detected. 

5. R5 ... R8 are additional (lPRs and ERr" isa diagnostic summa\"Y 
longword. 

4.4,,2 Diagnostic Interdependencies, 
\Vhen running tests interactively on an indll\'idual basis. users should be 
nware that certain tests may be dependent IOn some state set up from a 
previous test. In general. tests shuuld not be run out of order. 
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4.4.3 Ar ... not Covered 
The goal is to achieve the highest possible coverage on the KA655 and the 
memory boards. However, the testing of the KA655 while running with 
1nemory management. turned on is minimal. Also, due to the ,e!ay the 
firmware is implemented (a polled environment running at IPL 31), tlte 
testing of interrupts is not extensive. 

These diagnostics are not intended to be used as system level tests. There 
are no tests that completely verit:v that access to the Q22·bus win work. 
Thus. a disk, a controller. the backplane. or portions of the CQBIC may 
be faulty. and the diagnostics may not detect the fault .. Such a fault lnay 
result later as an il1abiliiy to boot. 

4.5 Operating System Restart 
An operating system restart is the process of bringing up the operating 
system from a known initialization state following a processor halt. This 
procedure is often called restart or warmstart. and should not be oonfused 
with a processor restart which results in firmware entry. 

On the RA65S a restart occurs if the conditions specified in Table 4-1 are 
satisfied. 

To restart a halted operating system, the firmware searches system 
memory for the restart parameter blnck (RPB}, a data structure 
constructed for this purpose by VMB. If a valid RPS is found. the 
finnware passes control to the operating system at an address specified in 
the RPS. . 

The firmy.'are keeps a restart in pr<¥Jress (RIP) flag in CP1.iBX which it 
uses to avoid repeated attempts to restart a failing operating system. An 
additional RIP flag is maintained by the operating system in the RPB. 

The finnv.'are uses the follo\\ing algorithm to restart the operating 
system: 

1. Check CprdBXc::3,(RIPt If it is set,. restart fails. 

2. Print the message flRestarting system software" on the console 
tenninal. 

3. Set CPMBX<3>{RIP). 

4. Search for a valid RPB. If none is found, restart fails. 

5. Check the operating system RPB$L_RSTRTFLG<O>(RIP, flag. If it is 
set. restart fails. 
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6. Write "0" on the diagnoRtic LEDs. 

1. Dispa~h to the restart add,,"ess. RPBSL_RESTART, with: 

SP ;:: the physical address of the RPB plus 512 
AP ;:: the halt code 
PSL = 041F 0000 
Pat_MAPEN = o. 

If the restart is successful, the operating system must clear 
CPMBX<3>CRIP). 

If restart fails, the firmware prints "Restart failure" .on the system 
console. 

4.5.1 Locating the RPB 
The RPB is a pag(.a..alignoo control block which can be identified by the 
first three longwords. The format of the RPB signature !s shown in 
Figure 4-4. 

Fig," 4-4 AP8 Signature Format 

The finnware uses the following algorithm to find a valid RPB: 

1. Search for a page of memory that oontains its address in the first 
longword. If none is found, the search for a validRPB has failed. 

2. Read the second longword in the page lthe physical address of the 
restart t"outine). If it is nGt a 'laUd physical address. or if it is zero, 
return to step 1. The check for zer{\ is necessaY"y to ensure that a page 
of zeros does not pass the test for a ,-alid RPB. 

3. Calculate the 32 bit two8.complemen~ sum (ignoring overflows) of the 
first 31 longwords of the Testart routine. If the sum does not match 
the tbu"d longword of the RPB.return to step 1. 

4. A ,"alid RPB has been found. 
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4.6 . Machine State on Power-Up 
This section describes the staw of the KA655 after 8 power-up halt. 

The deSCriptions in this section assume a machine with no errol'S, that the 
machine has just been turned on and that anI!; the power-up diagnostics 
h!l\'e been run. The staw of the machine is not defined if indi,·idual 
diagnostics are run or during any other halts other than a power-up hait 
(SA\'PSL<13:8>tRESTART_(~ODE) = at 
Tht' following sections describe data stmctures that are guaranteed to be 
t~onstant over future versions of the KA655 firmware. Plac.~ment andior 
eXlstence of an~' other structurets J is not implied. 

4.6.1 Main Memory Layout and S~t. 
Tht, firmware tests and initiahzes the main memor~ .. on power-up. 
F!gure 4-5 lS a diagram of ho~,. main memory is partitioned after 
diagnusbcs. 
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figure ~S Memory La~t after Power·Up I*gnoatlca 

•• &.1.1 ReMrwd .... n Memory 
In order to build the scatter/gather map and the hitmap~ the finnware 
attempts to find a physically contiguous page aligned 64 Kbyte block of 
memory at the highest possible address that has no multiple bit errors .. 
Single bit errorp. are tolerat.ea in this section. . ' 
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(}f the 64 Kbytes, the upper 32 Kbytes is dedicated to the Q22·bus 
scatter/gather map. as shown in Figure 4-5. Of the luwer 32 Kbyte~. 
up to 16 Kbytes at the bottom of the block is allocated to the p~ge franle 
nunlher cPFNa bitmap. The S",~ oftht! PFN bitmap is dependent on the 
extent of physical nlemOr)', each bit in the bitmap maps one page (512 
bytesl of mema,.~·. The remainder of the block between the bitmap and 
f~atteriguther map·cminimally 16 Kbytes) is allocated for the firmware. 

4.6.1.2 PFN Bitmap 
Tht, PFN bitmap is a dRta stmcture that lndicates which page~ in memory 
are.deemed usable by operating systems. The bitmap is built by the 
diagntlsbcs as a side effect of the menlory tests on JXlwer·up. The bitmap 
ulwu~'s starts on a page boundary. The bitmap requires 1 Kbyt~ for every 
4 Mhytes of main memo", .. hence. an 8 !\fbyte system requires 2 Kbytes. 
16 Mb~tte requires 4 Khytes. 32 Mbyte rt!quires 8 Kbytes t and a 64 Mbyte 
r~uir~s 16 Kbytes. The bitmap does not map itself or anything aoove 
it. Thert: may be memory above the bitmap which haa ooth good and bad 
pngcs. 

E4~ch bit in tht- fll"'!': bitmap corresponds to a p~ge in main memory. There 
i~ a ()n~ tu one correspondence between a page frame number (origin 0) 
and u hit Index in the bitmap. A one in the bitmap indicates that the 
pugtt IS good and can be used. A zero indicates that the page is bad and 
should not be used. By default. a page is flagged bad. if a multiple b~t 
~tTor occurs wht'n referencing the page. Single bit errors. regardless of 
frequency,. will not CUU1Me a page to be flagged bad. 

Tht" PFN bitmap is protected by a checksum stored in the l\t"VRA.M. The 
checKsum is a simple b~rte wide. twu's complement checksum. The sum of 
all bytes in the bitmap and the bitmap checKsum should result in zero. 
()perating systems that modify the bitmap are encouraged to update this 
checksuul to facilitate diagnosis by sen-ice personnel. 

'-.6.1.3 Scatter/Gather u.p. 
Oo:p<l\\·er·up. the HCatter/gather map is initialized by the firmware to map 
ttl tht.4 first 4 Mbytes of main memory. Main rr,emory pag~s \\ill not be 
map~d if there is a corresponding page in Q22-bus memory, or if the 
Jmgt' 1S maTkoo bad by the PFN bitmap. 

()n a procesS()r halt otht!r than power· up. the contents of the 
scattel"/gath~t· nlap is undefined. and is dependent on operating system 
Us.lge. 
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Operating systems should not move the location of the scatter/gather 
map. and should access the map only on aligned longwords through the 
local 1/0 space of 2008 8000 to 2008 FFFC, inclusive. The Q22·bus map 
baEe register. t QMBR) is set up by the firmware t(\ point to this area, and 
should not he changed by software. 

e.6.1.4 Con1ents of Mlln Memory 
The (on tents of main tnemot)· are undefined after the diagnostics have 
rUh. Typically. non-zero test patterns wiU be left in memory. 

The diagnostics will scrub all of main memory. sa that no power·up 
induced errors remain in the memory system. On the ItA655 memor)' 
subsystem. the state of the ECC bits and the data bits are undefined 
on initial power· up. This can re~ult in single and multiple bit errors if 
the locations are read before written because the ECC bits are not in 
agreement with their corresponding data bits. An aligned longword write 
~ every location (done by diagnostics) eliminates all power-up induced 
errors. 

4.6.2 CMCTL Regist.rs 
The KA655 firntware assigns bank numbers to CMCTL t"egisters in 
ascending order. without attempting to disable physical banks that 
c()ntain errors. High (lr<ier unused banks are set to zero. EtTOr loggers 
should capture the fc)llowing bits from each MEMCSR register: 

• MEMCSRc:31> <bank t!nable bit). As the flnnware always assigns 
banks in 4lscending order, knowing which banks are enabled is 
sufficient information to derive the bank nunlbel"s. 

• ME~fCSR< 1 :0> (bank usage). This field detennines the size or the 
banks on the particular memory board. 

Additiunal infonnation should he captured from the MCSR16 and 
l\1CSR17 as needed. 

4.6.3 First Level Cache 
Th~ first level cache is tested during the power .. up diagnostics, ftushed 
and then turned off. The Mche is again turned on b)' the BOO"r and the 
INI'r command. Otherwise. the state of the first level cache is disabled. 
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4~6.4 Translation Buffer 
The CPL~ translation buffer is tested by diagno,stics on power-up. but not 
used by the firmware since it runs in physical mode. '!'he translation 
buffer can be invalidated by using PRS_TBIA, IPR 57. 

4,,6.5 Second Level Cftche 
-rhe s~cond level cache is tested during the power-up diagnostics, flushed 
and then turned off. During a bootstrap. tile second level cache is turned 
off hefore invoking \1MB but not flushed .. The ~cond level cache is turned 
tOW. but not flu.~hed, on an INIT command. 

The second le\·el cache should always be flushed b(!fore turning it on. 

4.6.6 Halt Protected Space 
Iialt protected space is from 2004 0000 to 2005 It'FFF. inclusive. for the 
128 Kbytes offinnware on the KA655. The halt unpl'(ltected space is from 
2006 0000 to ·2008 FFFF. 

The finnware always runs in halt protect~d space. When passing control 
t<) the bootstrap. the firmware exits the halt protected space, so if halts 
are enabled. and the halt line is asserted. the proccsS()~ win then halt 
before bootitlg~ 

Th~ sse dooodes both spaces (2:56 Khytes~. That is. the ROMs appear 
twic~ in tnt! address space. However~ the halt protected space is set to 128 
h.llytes, the size of the EPROMs. 

4.7 Public Data Structures an:d Entry Points 
This section describes pubUc data structures and subro,utine entr')' points 
that ~lre public and are guaranteed to be compatible over future versions 
of the KA655 firmware. 

4.7.1 Firmware EPROM Layout 
Th~ KA655 uses one 128 Kbyte EPROM. Of this. Approximately 120 
Khytes of this is used for code. with the remaining reserved for future 
expansion and customer lL'iage. There are two copies of the firmware. one 
in halt protected space, and one in halt unprotected s,pace. Both copies 
~\re identical. . 
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" ... - ...... 

The first instruction executed on halts is a branch arou.n~ the system ID 
extension (SIE) and the callback entry points. This a110\\'6 the p.ubUc data 
structures to reside in flXed locations in the EPROM. 

The callback area entr}· points provide a simple interface to the currently 
defined console for VMB and secondary bootstraps. This is discussed 
further in the next section. 

The EPROM crtecksum is 2 longword checksum from 2004 0000 to the 
checksum inclusiv~. The diagnostics U~ this to determine that the 
EPROMs can correctly be read. 

The memory between the checkswn and the 4-page user ana at the end of 
the EPROMs is reserved for DIGITAL for future expansion of the KA655 
finnware. The contents of this area is set to FF. 
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The 4 pages reserved for customer use are at the top of the EPROMs, 
and start at address 2005 F800 (halt protected space) or 2007 FBOO ChaIt 
unprotected space). These ar!.!as are not burned and may ~ reburned by 
OEMs or end users. The area is not tested by the KA655 firmware and is 
not included in the che:ckswn. 

4.7.2 Call-Back Entry POin:ts 
The KA655 finnware provides several entry points that faci1itate 1/0 to 
the designated console device. -Users of these entry points do not need to 
be aware of the console device typet be it a video tenuinal or workstation. 

The primary intent of these routines is to provide a simple console device 
to Vl\iB and secondary bootstraps, before operating systems load their 
own tenninal drivers. 

1'hese are JSB (SUbFoutine as opposed to procedure) entry points located 
in fixed locations in the nnnwa,l"e. These locations branch to code that in 
tum culls the appropriate routInes. 

All of the entry points are designed to run at IPL 31 on th~ interrupt 
stack in physical mode_ Virt,ual mode is not s,upported.. Due to internal 
finnware architectural restrictions. users are encouraged to only call into 
the hult protected entry points. These entry points are listed below. 

CP$GET,"C'HAR_ 2004 0008 
R4 
CP$~tSG_OUT_ 2004 OOOC 
NOLF_R4 
CP$READ_ '\~H_ 2004 0010 
PRMPT_R-t 

4 .. 7.2.1 CP$GETCHAR_R4 
This routine returns the next characte'r entered by the operator 11'1 RO. 
A timeout interval can be specified. If the timeout interval is zero, no 
timeout is generated. If ~ timeout is specified and if timeout occurs. a 
'-alue of 18 t CA..~) iJ; returned in:stead of normal input. 
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Registers RO. Rl, R2_ Rat and R4 are modified by this routine, all others 
are preserved. 

; Usage with timeout: 

mcvl 
jsb 
ctnpr 
b~ql 

: Input 

jt~meout ~n tenths of second.rC 
@'CPSGET-CHAF ~4 - -
rO p ..... :-;1 a- -
tim~cut handler 
is l.n RO. 

: Usage w~thout tl.meout: 

clrl 
)51: 

rO 
@'CFSGET_CHAF_F4 

: Input ~s l.n RC. 

4.7.2.2 CPSMSG_OUT_NOLF _R4 

; Specify timeout. 
Cal.! routl.ne. 
Che=k for timecut. 

: Branch if tim~out. 

; Specl.fy nc ~l.meout. 
; Call routJ.ne. 

1'his routine outputs a message to the consolee The message is specified 
either by a message code or a string descriptor. Th.e routine distinguislles 
between message codes and descriptors by requiring that any descriptor 
be located outside of the first page of memory. Hence, message codes are 
restricted to values between 0 and 511. 

Registers RO. Rt. R2t R3t and R4 are modified by this routine, all othe~s 
are preserved. 

: Usage with message code: 

.conscl~messaQe ~ode,rO 

~'CFSt"S~=Ot'T_NOLF _F4 
: Spec~ty message code. 
; Call routl.oe. 

: Usage with a message descr~pto~ (pcsitl.on dependent). 

mC'\'aq 
"sb 

5S 4 rO 
@'CF$t-~SG_Ot~T_NOLF _1'4 

• asc~d This is a rnessa~e. 

Speclfy address of desc. 
; Call rout:..ne • 

: Message w:..th desc=~ptor. 

: Usage w-ith a message descrl.ptcr (pcsitl.on independent). 
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pushab 
pusnl 
Woo"" 1 
jsb 
clrq 

5$: 
10$: 

~~ 

""''' 
'10$-5$ 
~p.rO 

@tCPSMSG_ OUT 
<sp) + 

; 

NOLF R4 

4.7.2.3 CPSREAD_WTH_FRMPT_R4 

· Generate .-nessage desc. r 

· or. s~ack. ,. 

· Pass desc .. addr. in RO. I' 

· Ca~l rou~ine. , 

· Purge d-::sc. from stack. #' 

: Message. 

This routine outputs a prl.)mpt mes,sage and then in uts a ehara.cOOl' string 
from the console. When the input is accepted. Delete, ICtr1f ~ and [Ct.rl( ~ 
functions are supported. 

As with CP$MSG_OUT_NOLF _R4, either a message code or the address 
of a string descriptor is passed in RO to specify the prompt string. A value 
of zero res,ults in no prompt. 

A descriptor of the input string is returned in RO and Rl. RO contains the 
length of the stritag a'ad Rl contains the address. ffhis routine inputs the 
string into the console program string buffer and therefore the caller need 
not provide an input buffer. SUc!Cessive calls however destroy the previous 
contents of the input buffes-. 

Registers RO. Rl,. R2. R::J. and R4 are modified by t.his routine. all others 
are preserved. 

:---------------------------------------------------------------------; Usage wlth a message descr1ptor (po~iticn ~ndependent). 

pushab 
pushl 
It·~\·l 

jsb 
clrq 

10$ 
.10.$-5$ 
spfrO 
@tCPSREftD_WTH P:R.Jo.tPT R4 
(sp)+ 

: Generat~ p~ompt desc. 
; :>r. st. ack • 
~ Fass de$~w add~. ~r. RO. 
: Call rout.in~. 

; Purg-e promp1". ctesc. 
; Input desc in RO and Bl. 

5$: • ascii IP~ompt> / ; f'rompt str J.:-~9. 
10$ : 

;---------------------------------------------------------------------
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4.7.3 sse RAM Layout 
The KA655 firmware uses the l' Kbyte of battery backed up (BBU) RAM. 
in the sse for storage of finnware specific data structures and other 
information that must be preserved across power cycles. This nonvolatile 
RAM (NVRAM) resides in the sse chip starting at address 2014 0400. 
The NVRAM should not be used by the operating systems except as 
shown in Figure 4-7. This NVRAM is not reflected in the bitmap built by 
the firm\\'are. 

~'.·BLH· (lATA C::"~LJrT"RES 
'''~f.4Et .. Err 

SER Iflr f '''L=CTrH1~ 

;:.RMWARE- ~TAC" 

r I "r; "'" ' <: T 1(' ~TATE 

nE~E'h'EC' ~0R 
( II,:T0MER tl$E 

.. , ..... -I.e.: 

figure 4-7 KA655 sse NVRAM Layout 

4. 7.3~ 1 Public Data Structures 
The following is a list of the public data structures in ~VRAM used by 
the console. 

Fields that are designated as reserved and/or internal use should not be 
written~ since there is no protection against such corruption .. 

Console Program Mailbox 

The console program mailbox (CP~{BX) is a software data structure 
located at the beginning of NVRAM (2()14 0400). The CPMBX is used to 
pass information between the KA655 finnware and diagnostics, \'MBt or 
an operating system. It consists of three bytes referred to here as ~TVRO~ 
NVRl, and l\'VR2. shown in Figures 4-8. through Figure 4-10 .. 
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7 4 ':' 2 0 

RIP 91F' ~LT_ACT I N'IJ\C __ I ___ L_A_~G_U_A_GE ___ ....... _____ ",-,-___ ~ 2Ot.0400 

u ... ~~.~ 

Figure 4-8 NVRO 

Fielcl N ... n...:riptiOD 

7:4 LANGUAGE This field _.:lecifiea the current selected language for 
diIJP1.ayinR halt and erTOT metl .. g~. on terminals which 
~UP~l!t MeS. 

3 RIP If aet. a l"etJtIlrt attempt is; in progrell. Thia flag muat be 
cleared by -the operating .yatern. if the t'e.tart aucceeda. 

2 SIP If .et •• boot.tnap attempt i.- in progrel'. This flag mUlt be 
cleared by the operating aYltem if the booutrap aucOHda. 

1 :0 HLT _ ProcMlOr halt action • this field in conjunction with 
ACT the conditions apecified in Table 4-1 ia uaed to control 

the automatic reltartJboot.trap procedure. HLT_ACT ia 
nonnally ,\orritten by the operating .yatem. 

.,VRI I· 

Figure 4-e NVR1 

o : Restart; if that faila. reboot; if that failas halt. 
1 ~ Reitan; if th.at fai1a~ halt. 
2 : &;)(.'Ot; if that faUIi. ,halt. 
a : Halt. 

~ ~ t\ 

: 1 
t •• (" c. ("RT ~{'t ol o.&~' 

..... lI'~""'~ 



Field N .. e 

2 MCS 

1 CRT 
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DMeriptiOtl 

If Nt.. indicates that the attached tenninal support. 
multinational character set <ltiCS t. If clear. MCS is not 
supported. 
If Ret. indicates t.hat the attached tenninaI is a CRT. If 
clear. indicates that the tenninal il hardcopy. 

c. 

~"R:I _________ '"_E_ .. S_"_AR_tl _______ ..... \ ""'4 ,.,,, 

Figul\t 4-10 NVR2 

Field N .. e- DetteriptiOD 

7:0 KEYB(lARD This field indicates the national keyboard variant in uae. 

4.7.3.2 Firmware StICk 
'I'his area contains the stack that is used by aU of the firmware. with the 
~xception of VMB, which has its own built in stack. 

4.7.3.3 Diagnostic State 
This area is used by the firmware resident diagnostics. This section is not 
documented here. 

4.7.3.4 USER Area' 
The KA655 console reserves the last longword (address 2014 07FC) of 
the N\raAM for customer use .. This location is not tested by the console 
firmware. Its value is undefined .. 

4.8 Error Messages 
The· error messages issued by the KA655 firmware fall into three 
categories: halt oode messages t VMB error messages, and console 
messages. 
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4.8.1 Halt Code "' ... g.S: 
Except on power-up, which is not treated as an error condition, a message 
jg iasued by the firmware whenever the processor halts. 

For example: 

? OE tiLT It~ST 
PC = 80005003 

The number preceding the halt message is the halt code. This number 
is obtained from SAVPSL<13:8>{RESTART_CODE), IPR 43. which is 
written on any CVAX processor restart operation. 

Table 4-10 lists messages that may appear on the console terminal when 
a system error occUrs. 

Code MMACe 

?02 EXT HLT 

104 lSPERR 

?O5 DBL ERR 

?06 HLT INST 

·!07 SCB ERRS 
-lOS SCB ERR2 
?OA CHMFR 

ISTK 
?OB CHMTO 

ISTK 
?OC SCB RDERR 

DHcriptiOD 

Externa 1 halt. (~aused by e'lther con1lo1e BREAK 
condition or Q2~~ .. hus BHALT _L. 
Power .. up, no huh mesRagt- i8 displayed; _03 is not 
di~played. However. the presence oftrte finnware 
banner and diagnostic countdown indicates this halt 
reason. 
In atttlmpting to push state onto the intelTupt 8tack 
during an interrupt or exception. the> processor 
discovered that the interrupt stack was mapped NO 
ACCESS or NOT VALID. 
The pl'(}(essor attempted to t'eport a znachine check 
to the oper.ting system. and a second machine check 
occurred. 
Thf' processor ex~uwd a HALT instru~tion in kernel 
mode. 
The SCB vector had bits <: 1 :0> equal to 3. 
The S<"B ,'ector had bits <1;0> equal to 2. 
A change mode instruction wa.s executed when 
PSLc:IS> was set. 
The SCB vector for a change mode had bit <0> set. 

A hard memory en-or occulTed while the processor was 
trying to read an exception or interrupt ve'-'tor. 



Tlbie .... 10 (Cont.) 

Cocle M ...... e' .-
?10 MCHKA\T 

111 KSPAV 

?12 DBLERR2 

?13 DBLERR3 

?19 PSLEXCSt 

t!lA PSt~ Exesl 

.,18 PSLEXC71 

f?lD PSL REIst 
11£ PSL REISI 
?IF PSL REI'11 
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HALT MI •• ages.· 
D.eripiioD ---
An aC~~'6 violation t'T an invalid translation occurred 
during machine- check exception proceising. 
An access \iolation ot" tranllation not valid occurred 
during procelaing of a kernel .tack not valid exception. 
Double machine check erro~ A machine check 
OCCUtTed while trying to 8en~ce a m.~hine check. 
Double machine check error. A machine che<:k 
occufTed while trying to Her-ice a kernel atack not 
valid exceptlon. 
PSL<26:24>;:: 5 on inwn"Upt or exception. 
PSL<26:24> = 6 on interrupt of exception. 
PSL<26:2i> = 7 on interrupt or exception . 
PSL<26:2'> = 5 on an REI inltl·uction 
PSL<26:24> ;: 6 on an REI inatruction. 
PSL<:26:24>;:: 7 on an REI inlt"\4~tiOIl. 

lJ.~or th(~ laiNt Mix t~IM!S. th~ VAX archl~cture does not allow execution on the mten-upt Black 
whil~ In a mod" other than kemel. In the- fit1't thr4tE' r.~IWlI&, an ultetTUpt is attemptmg to 
run on th~ lntenupt a~tk whil~ not In kernel mode. In the Jag~ three cales. an REI 
uloitruc\IOU 15 attemptIng to return to a mociEt ather than kernel and _Ull tun on the 
interrupt atllek . 

4.82 Console Error ...... g •• 
Table 4-11 lists error messages issued in response to a console command 
that has en-or< s). 

?20 CORRPI'N 
121 ILL REF 

122 lLLCMD 
"'23 IN\'OOT 

Detlcriptioa 

Th~ conlole program daub.le has been corrupted. 
Illegal reference. The requelted reference would 
\'lolate \'il"tual memory protection. th~ addrels 
is not. mapped .. the reference is invalid in the 
specified address apace. or the value is invahd in 
the specified destination. 
Tht' command string cannot be parsed. 
A number haa an invalid digit. 
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TatH 4-11 (Cont.) Console Error MHsages, 

Code 

~25 

q26 
q27 

·)2~ 

~29 

~2A 

~2B 

Q2C' 

~2E 

·'2F 
~,)30 

·~31 

'~32 

·'33 
·)34 
4135 

Me ..... ' 

LTL 

ILLADR 

VAL TOO LRG 
SWCONF 

UNK S\\' 
VNKSYM 

CHKSM 

lILTED 
FND ERR 

T~fOl1T 

MEMERR 

L'~"XINT 
l.lNIMPLE~tENTED 
QUAL NOVAL 
QUAL~'!BG 
QUALREQVAL 
QttAL O\1ERF 
ARG{lVERF 
AMBGCMD 
INSUFARG 

Detlcriptioa 

'rhe c()nlmand waft, too large for the contol" to 
buffer. The me8sag~ is ilMUf!d only after receipt of 
th~ terminating carnage return. 
The addreis specified falls outa&ide the limits of the 
address space. 
The \'alue- specified does. not fit in thE- destination. 
S~,"ltch conflict. fot' example. two different data 
Hu~e8 aTt- specifittd for an EX.A)IINE command, 
The sWItch It' unrecogtllzed. 
The sym~Hc addre~8 in an EXAMINE or 
DEPOSIT cotnmand is unrecognized. 
Thl' c:ommand or data checksunl of an X command 
is incorrect. If the data checksum is incon-ect. this 
tneNStlF:e it; uhiued. and is not abbrevia~ to Illegal 
comn,alld. 
The operator entered a HALT tommand. 
A FIND conlmand failed either to find the RPB or 
128 Kbyt-e!' of good memoT)·. 
During an X cOlnmand. data failed t<. arrive in thtt 
tlm~ eXptJc~d (60 second,.,. 
A machine check occurrtKi with a code of 80 (hex» 
or 81 <hex). indicat.ing a read or wnw memory 
ttM"vr 
Vnexpetted interrupt or exception 
U nlmplt'mente<i function 
QuaHfi~r doe .. nut take a valuE' 
Ambiguous qualifier 
Qualifier requlres a \Oalue 
Too many qualifie-r$ 
,Tho man)" arguments 
AmblguOUS command 
lnlluffi(.ient arguments 



4.8.3 \'MB Error .... ISI •• 
Table 4-12liats errors issued by-VMS. 

T ... 4-12 VMS Error U."IQH-- h_ 

?40 -- NOSUCHDEV No hootabl. devicel found. 
f~4 t DEVASSIGN Device it' not prellent. 
"42 NOSUCHFILE Program image not found. 
"43 FILESTRtlC1· Invalid boot devic. file .tructure. 
?4-4 BADCHKSUM B~d check.um on h .. der file. 
'>45 BADFILEHDR Bad fil~ header. 
f_)46 BADIRECTORY Bad director)· file. 
~'7 FILNOTCNTG Invalid pr~'Tam image format. 
?4A ENDOFFILE Premature end of file encountered. 
4)49 BADFILENAME Bad file- n.me given. 
C). A aUFFEROVF Program imqe do.. not fit in availablt memo1")·. 
?4B CTRLERR Boot d~vicc I/O enOl". 
?4C DE\'lNACT Failed to lnitialize boot devic~. 
"4D DEVOFFLINF. De\'iCtl i» oftUne. 
?4E MEMERR ~iematY initialization en-or. 
?4F SCBINT Unexpected SCB "xception or machine check. 
?50 SCB2NDINT Unf!x~ted exc .. ption .fter atal'ting program image. 
151 NO ROM No valid ROM image found. 
~152 NOSt.'CHNODE No reflpoutle- from load lenet'. 
?53 INSPMAPREG Inv~lid memory configuration. 
?54 RETRY Nu de\~ce8 boatable. retrying. 



A 
KA655 Specifications 

This appendix contains the physical. electrical. and envirohmental 
s~cifications for the KA655 CPU module. 

A.1 Physical Specifications 
The physical specifications for the KA655 are as follov-,,9s: 
Du..enaion Me •• urement 

lieif{ht 10.457 (+0.015/-0.020) inches 

Length 8.430 (+0.010/-0.010) inches 

Width 0.375 inches maximum {nonconductive) 
0.343 lnches maxinlum (conductIve) 

NOTE 
Width, as defined for DIGITAL modules. is the height. of 
~~omponent& above the surface of the module. 

J\.2 Electrical Specifications 
The power requirements for the KA655 CPU module are as follows: 

+5 V ±5% +12 V :!:5~ 
::.1.70 A maximum 0.14 A maximum 

Typical currents are 10 percent less than the specified maximum. 

The bus loads for the KA655 CPU module are as follows: 

• 2.2 ac loads 

• 1.0 de loads 

A-1 
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A.3 Environmental Specifications 
The environmental specifications for the KA655 CPU module are as 
follows: 

Operating Conditions 

Temperature 

liumidity 

Altitud~ 

SOC (41°F) to 60°C (140°F~ with a ratP. of change no greater 
than 20::2°C <36 :t4°F) per hour at sea !evel. For operation 
at.·ove sea level. decrease the operating temperature by 
I.SoC for each 1000 meters CloF for each 1000 feet). 

00/( to 95% nonconden~ing with a maximum wet bulb 
temperature of 32°C (90°F) and a minimum dew point 
temperature of 2°C (36°F). 

Up to 2~400 tnewrs (8000 feet} 'A1th a rate of change no 
greater than 300 meters per minuw (1000 feet per minute). 

Nonoperating ConditiOns L ... ThIn 60 O.ya 

Temperature 

Humidity 

Altitude 

-40°C to +66°C (-40°F~ to +151 0 F) v.ith a rate of change 
no greater than 11 :2 °C (20 :t:4°F) per hour at sea level. 
For operation abov~ sea level. decrease theo nonoperating 
temperaturt- by 1.8°C for each 1000 meters (1°F for each 
1000 feet). 

Up to 95~ noncondensing. 

Up to 4,900 n'!~ters (16.000 feet) with a rate of change no 
greater than 600 meters per minute (2000 feet per minute). 

Nonoperating Conditions Gfeller Than 60 days 

TeUlperature 

Humidity 

Altitud~ 

+5°C to +60°C (+40°F to +140nF.~ with a rate of change 
no greater than 20 *2°C (36 :t4 ~F l per hour at sea level. 
For operation above sea level~ decrease the nonoperating 
temperature by I.SoC for each 1000 meters (1°F for each 
1000 feet). 

1(}(k to 95~ noncondt'nsing with a maximum wet bulb 
temperature of 32°C <90('FJ and a minimum dew point 
temperature of 2°C (36°F>. 

Up to 2.400 meters (8.000 feet) with a rate of change no 
greater than 300 meters per minute (1000 feet per minute). 



B 
Address Assignments 

B.1 General Local Address Space Map 
Table B-1 lists the VAX memory space. 

Table B-1 VAX Memory SPice 
Addre .. Range 

0000 0000 through 03FF FFFF 
04000000 through 07FF FFFF 
0800 0000 through OBFF FFFF 
OCOO 0000 through OFFF FFFF 
1000 0000 through 13FF FFFF 
1400 0000 through 17FF FFFF 
1800 0000 through IBFF FFFF 
lCOO 0000 throug!llFFF FFFF 

Contents 

Local memory space (64 ltlbytes) 
Resenred m~mory spact' <64 MbyteS) 
Reserved memol)' space (64, Mhytt'S) 
Reserved mt'lnoTY t'pace (64 MbyteS) 
Cache- diagnostic spate <64 MbyteS) 
Reserved cache diab#J1o»tic spac~ (64 ~t'lbyte81 
Resen'ed cache diagnostic space (64 Mhytt's) 
Reserved cach~ diagnostic spac~ <64 l\{bytes) 

Tablt- .B-2lists the VAX input/output memory space. 

Table B-2 VAX Input/Output Space 
Addre. Range 

2000 0000 through 2000 IFFF 
2000 2000 through 2003 FFFF 
2004 0000 through 2005 FFFF 

2006 0000 through 2007 FFFF 

Contents 

Local Q22.hu8 110 8pa~ (8 Kb)'tes) 
Reyerved local lIO 8pa~ (248 Kbyte8) 
Local ROM space9 halt protected space 
(128 Kbyte8) 
Local ROM space, halt unprotected space 
(128 Kbytes) 

B-1 



B-2 Address Assignments 

Table B-2 (Cont.) 'VAX Input/Output Space 

Adclre.- Raqe 

2008 0000 throu~h 201F FFFF 
2020 0000 through 23FF FFFF 
2400 0000 through 27FF FFF~'" 
2800 0000 through 2BFF FFFF 
2C08 0000 through 2FFF FFFF 
3000 0000 through 303F FFFF 
3040 0000 through 33FF ie·jo'''-F 
3400 0000 through 37FF FFF'!-" 
3800 0000 through 3BFF ,,1FFF 
3COO 0000 through 3FFF· FFl;'F 

1 Not VUlibl(· dunng nonnal opt!ratlon. 

Local register 110 Ipa~ <1.5 Mb)'US) 

lW.erved locatI!O spa~ (62.5 Mhyte8) 
Reaerved loca1110 space l64 Mbytes) 
Re.erved local ItO apace (64 Mbytea) 
Reeerved local I/O space (64 Mbytes) 
Local Q22.bus memory IIpa~ (4 !t!bytes) 
Reserved local IiO space (60 Mbytes) 
Reserved local I!Ospace (64 Mbytes. 
Cache tag diagnostic space (64 Mbytes) 1 

Re8e'rveci cach~ tag diagnostic space (64 
l':!bytes) 

B.2 Detailed Local Address Spac;e Map 
Table B-3 describes the contents of the VAX memory space. 

Table B-3 VAX Memory SPice 
Addre .. Raqe 

0000 0000 through 03FF FFFF 
0400 0000 through OFFF FFFF 
1000 0000 through 13FF FFFF 
1800 0000 through IFFF FFFF 

Content. 

Local menlO})' space (up to 64 Mby.ai) t 

R~served memory space 
Cacht- diagno8tic apace 
P.e»erved cache diagnostic apace 

lQ22-bus map ss located in the tap 32 Kb:.'tes of main menlory 

Table B-4 describes the contents of the VAX input/output memory space. 

Table IJ.-4 VAX Input/Output Space 

2000 0000 throup 2000 IFJlF 
2000 0000 through 2000 0001 
2000 0008 through 2000 07FF 

Local QU,·bua I/O apace 
Re~~rved Q22-bu& I/O apace 
Q22.bus floating address apace 



T.bIe 8-4 (Cont.) VAX Input/Output Space-

2000 0800 through 2000 OFFF 
2000 t{)()() through 2000 IF3F 
2000 IF40 

2000 IF42 

2000 IF44 

2000 IF46 

2000 IF48 through 2000 IFFF 

2000 2000 through 2003 FFFF 

2004 0000 tbrou.h 2001 FFFF 
2004 0000 through 2005 FFFF 
2004 0004 
2006 0000 through 2007 FFFF 

2008 0000 throu8h 201F FFFF 
20080000 
20080004 
20080008 
2008 OOOC 
20080010 
2008 0014 through 20080l3e 
20080140 
20080144 

2008 0018 through 2008 3FFF 

20084000 
20084004 
2008 4008 through 2008 7FFF 

2008 8000 through 2008 FFFF 
2009 0000 through 2014 0020 

U.er reaerved Q22·bul I/O apace 
Reaerved Q22·bus I/O apace 
Interp:rocellOr communication regi8ter 
(normal operation) 
Interproce •• or communication regiater 
(reserved) 
Interproce880r communication register 

- {reaerve<i) . .. .. . . 

lnterprocellor communication regiater 
(relerved) 
ReRerved Q22 .. bua 1/0 apace 

Reaented Local 110 apace 

Local ROM .pace· 
Local ROM protect.t!d .pace 
MicroVAX ayatenl type register (in ROM) 
Local ROM unprotected .pace 

Local Retrilter VO .pace 
DMA system configuration regiaur 
DMA I)"stem error regiater 
Q22·bu8 en-or address regilter 
D~IA error addrels register 
Q22·bua map baae register 
Reserv~ local regiater I/O apace 
~tain memory ~rror .tatua regiatel" 
Main memory controVdiagnoatic atatua 
register 
Reserv~ local register I/O apace 

Cache control Tegiater 
Boot and diagnoatic regiater 
Reserved local regi8ter I/O apace 

Q22·bu& map registeR 
Reserved local register I/O space 



B-4 Address. Assignments 

T.bIe 8-4 (Cont.) VAX Input/Output Splc. 

20140030 
2014 0084 through 2014 0068 

20.i4 OOGC through 200140FF 

2014 0100 
2014 0104 
2014 0108 
2014010C 
20140110 
2014 0114 
2014 0118 
201401lC 
2014 0120 through 2014 03FF 

2014 0400 through 2014 07FF 
2014 0800 through 201F FFFF 

2020 0000 througl. 2FFF FFFF 

3000 {)OOO through 303F FFFF 

3040 0000 th!"ough 37FF FFFF 

3800 0000 through 3BFF FF1"i'F 1 

aeoo O(}OO through 3FFF FFli'F 

t Not VlRibl(> during normal operation 

Can'toat. 

Diagnoltic LED regiater 
Re.ervecl local regilter 110 space 

Diag'tl08tic regiltera 

Timer 0 control register 
Timer 0 interval register 
Timer 0 next inten.'al register 
Timer 0 interrupt vector 
Timer 1 control register 
Timer 1 interval regilter 
Timer 1 next interval register 
Timer 1 interrupt vector 
Reserved local register lIO space 

Battery backed.up RAM 
Reserved local register 110 space 

Hellened local 110 apate 

Local Q22-bus memory space 

ReHerved local register 110 space 

Cache- tag diagnostic spa<:e 
Reserved cache tag diagnostic space 
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B.3 ExtemallPRs' 
Several of the IPRs on the KA655 an. implemented in the sse chip rather 
than the CVAX chip. Theae registers are referred to a. external IPRs. and 
are listed in Table B-5. 

T.bIe~5 

IPR 
N..-ber 

27 

28 

29 
30 

31 

32 

33 
34 

35 

55 

Extet'MIIPR. 

~t...N ... 

Time.of.year regi ... ~r 

ConlOl~ stor.ge receiver 
statu. 
ConlOle .torage receiver data 
ConlOle atorage t:.·tlnlndtter 
statUI 
ConlOle .torage tr~n.mitter 
dat. 

ConlOle l"eCeiver 
eantToll.tatua 
ConlOle reeeiver data butTer 
ConltOle tranlmitter 
control1.tatua 
ConlOl~ trangmitter data 
buffer 

1/0 aYltemreNt regiater 

TODR 

CSRSt 

eSRDt 
CSTSt 

CSDBt 

RXes 

RXDB 
TXCS 

TXDB 

IORESET 



B-6 Address Assignf\~.L'nts 

8.4 Global Q22-bus Address Space Map 
The addresses and memory contents of the Q22·bus memory spare is 
listed in Table 8-6. 

Table B-6 Q22.tK11 Memoay SPice M.p 

0000 0000 through 17777'111 Q22·hul memory apace (octa!\ 

The contents and addresses of the Q22--bUs 110 space with BBS7 asserted 
is listed in Table B-7. 

Table B-7 Q22.~ Input/Output Space with 88S7 A_ned 
AddrHI Ranare 

1 '176 0000 throush 1717 
7"'1 
1716 O'JOO through 1776 0007 
1716 0010 through 11763777 
1776 4000 through 1776 7777 
1777 0000 through 1777 7417 
17777500 

1777 7502 

11777504 

17771506 

1777 7510 through 17'171777 

Content. 

Q22.bu. JJO .,pace (octal) 

Reserved Q22-bus 110 apace 
Q22 .. bu8 floating addre.s apace· 
User reaerved Q22·bua 110 spate 
Reaerved Q22·bul I/O .'pace 
InterprocellOf communication regilter (nomal 
operation) 
lnterpt"ocelsor ootnmunication register 
(relerve<i) 

Interproc~~8or communication register 
(reRrved ) 
lnterprocelaor conlUlunication regiater 
(reserved) 
Reaerved Q22 .. bus I/O space 



C 
Q22-bus Specification 

C.1 Introduction 
The Q22-bus. also known as the extended LSI·II bus, is the low·end 
metnoor of DIGITAVs bus family. All of DIGITAL's microcomputers, such 
as the MicroVAX I. MicroVAX II. MicroVAX 3500. MicroVAX 3600. and 
MicroPDP-ll use the Q22-bus. 

The Q22-bus consists of 42 bidir~tional and 2 unidirectional signal1ines. 
These form the lines along which the processo " memory. and 1/0 devices 
communicate with each other. 

Addresses. data, and control infonnation are sent along these signal 
lines. some of which contain time-multiplexed infonnation. The lines are 
divided as follows: 

• Sixteen multiplexed data/address lines - BDAL<15:00> 

• Two multiplexed addresslp~rity lines - BDAL<17:16> 

• Four extended address lines- BDAL<21:I8> 

• Six data transfer control lines - BBS7, BDIN. BDOUT. BRPLY. 
BSYNC. BWTBT 

• Six system control lines - SHALT, BREF, BEVNT, BINIT, BDCOI{, 
BPOK 

• Ten interrupt control and direct memory ~ccass control lines -
BIAK09 BIAKI, BIRQ4. BIRQ5. BIRQ6, BIRQ7, BDMGO, BDMR, 
BSACKt BDMGl 

In addition, a number of power, ground, and space lines are defined for 
the bus. Refer to Table C-l for a detailed description of these lines. 
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C-2 022·bus Specification 

The discussion in this appendix applies to the general 22-bit physical 
address capability. All modules used with the KA655 CPU module must 
use 22·bit addressing. 

Most Q22-bus signals are ,bidirectional and use tenninations for a 
negated (high) signal level. Devices connect to these lines by way of 
high-impedance bus receivers and open collector drivers. The asserted 
state is produced when a bus driver asserts the line low. 

Although bidirectional lines are electrically bidirectional (any point 
along the line can be driven or received), certain lines are functionally 
unidirectional. These lines communicate to or from a bus master (or 
8!gnal source). but not both. Interrupt acknowledge (BIAKl and direct 
mf!mory access grant (BDMG) signals are physically unidirectional in 
a daisy-chain fashion. l'hese signals originate at the processor output 
signal pins. Each is received on device input pins (BIAKI or BDMGI) 
and is conditionally retransmitted through device output pins CBIAKO 
or BDMGO). These signals are received from h;gher priority devices and 
are ret~ansmitted to lower priority devices along the bus, establishing the 
position-dependent priority scheme .. 

C.1.1 Master/Slave Relationship 
Communication between devices on the bus is asynchronous.. A 
master/slave relationship exists throughout each bus transaction. Only 
one device has control of the bus at anyone time. This controlling device 
is tenned the bus master. or arbiter. The master device controls the bus 
when communicating with another device on the bUSt termed the slave. 

The bus master (typically the processor or a DMA device) initiates a bus 
transaction. The slave device responds by acknowledging the transaction 
in progress and by receiving data from. or transmitting data to. the bus 
master. Q22-bus control signals transmitted or received by the bus master 
or bus slave device must complete the sequence according to bus protocol. 

The processor controls bus arbitr~tiont that is, which device becomes bus 
master at any given time. A typical example of this relationship is a disk 
drive, as master, transferring data to memory as slave. Communication 
on the Q22-bus is interlocked 80 that, for certain control signals issued 
by the master device. there muSt be a response from the slave in order to 
complete the transfer. It is the master/slave signal protocol that makes 
the Q22-bus asynchronous. The asynchronous operation precludes the 
need for synchronizing Ytith, and waiting for, clock pulses. 
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Since bus cycle co~.apletion by the bus master requires response from the 
slave device. eac:, bus master must include a timeout error circuit that 
aborts the bus ,.ycle if the slave does not lEspond to the bus transaction 
within 10 us. "1'he actual time before a timeout error occurs must be 
longer than the reply time of the slowest peripheral or memory device on 
the b~. 

C.2 Q22 .. bus Signal Assignments 
rable C-l lists the data and address signal assignments. Table C-2 lists 
the control signal assignments. Table C-3 lists the power and ground 
signal assign'ments. Table C-4 lists the spare signal assignments. 

Table 0-1 Catl and Address Signtl As.lgnments 

BDALO 
BDALl 
BDAL2 
BDALS 
BDAlA 
BDALS 
BOALS 
BDAL7 
BDALS 
BDAL9 
BDALIO 
BDALll 
BDAl.,12 
BDAL13 
BDAL14 
BDAL15 
BDAL16 
BDAL1? 
BDAL18 
BDAL19 
BDAL20 
BDAL21 

AU2 
AV2 
BE2 
BF2 
BH2 
BJ2 
BK2 
BL2 
BM2 
BN2 
BP2 
BR2 
BS2 
BT2 
BU2 
BV2 
ACI 
ADl 
Bel 
BDI 
BEl 
BFl 
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Table 0-2 Control SIgn.' AIIignment., 
COlltrolSiP-l 

nata Control 

BDOUT 
BRPLY 
BDIN 
BSYNC 
B\VTBT 
BBS7 

IntetTupt Control 

BIRQ7 
BIRQ6 
BIRQ5 
BIRQ4 
BlAKO 
BlAKI 

DMAControl 

BDMR 
BSACK 
BDMGO 
SDMGl 

System Control 

BHALT 
BREF 
BEVNT 
BINIT 
nncoK 
BPOK 

AE2 
AF2 
AH2 
AJ2 
AK2 
AP2 

BPI 
ABI 
AAI 
AL2 
AN2 
AM2 

ANl 
BNl 
AS2 
AR2 

API 
ARl 
BRI 
AT2 
BAI 
BBl 
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T.IM C-3 Power.M Ground Signal AUlgnments 

+5 B (battery) or 
+12 B (ba~ry) 
+12B 
+58 
+5 
+5 
+5 
+12 
+12 
+12 
·12 
·12 
GND 
G~D 
GND 
GND 
GND 
GND 
GND 
GND 

ASI 

BSl 
AVI 
AA2 
BA2 
BV1 
AD2 
BD2 
AB2 
AB2 
BB2 
AC2 
AIl 
AMI 
ATl 
Be.? 
BJ1 
BMI 
BTl 

Table C-4 Spar. Sign.1 Aaaignments 
Spare 

SSparel 
SSpare3 
SSpare8 
SSpare2 
MSpareA 
MSpareB 
MSpareB 
MSpareB 
PSparel 
ASpare2 

PinAM~eIlt 

AEI 
ARI 
BRl 
AFt 
AKl 
'ALI 
BK! 
BLI 
AUl 
BUl 
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C.3 Data Transfer Bus Cycles 
Data transrerbus cycles, executed by bus master devices, transfer 32-bit 
words or 8·bit bytes to or from slave devices. In block mode, multiple 
words can be transferred to sequential word addresses, starting from a 
single bus address. Data transfer bus cycles are listed and defined in 
Table C-ti. 

Table C-5 Data Tranafer Operations 

DATI 
D4~TO 

DATOB 
DATI 0 
DA'l'IOB 

DATBI 
DATBO 

De6aitiOD 

nata word input 
nata word output 
nata byte output 
Data word input/output 
Data word inputlhyte 
output 
Data block input 
Data block output 

FUDction (with J"elfJMct to 
the bu .... ter) 

Read 
Write 
Write .. byte 
Read·modify"write 
Read-modify-write byte 

Read block 
Write block 

The bus signals listed in Table C-6 are used in the data transfer 
operations described in Table C-5. 

Table C-6 Bu. Sign." for Data Tran.f .... S... Definition FWlctioD, 

UDALc:21:00> 
L 

BSYNCL 

BDINL 

22 dataladdreil8 linea 

Bus cycle control 

nata input indicator 

BDAL<15:00> L are used 
for word and byte transfers. 
BDA.Lc:17:16> L are UMd for 
extended addrelsing. memory 
pant)" error (16) •• nd memory 
parity errol" enable (17) 
functions. BDAL<21:18> L are 
used for extended addr~'ling 
beyond 256 Kbytes. 
Indicates bus tranlaction in 
progreaa. 
Strobe signals 
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Sipaal DefiaaiiioD Fwactioaa 

BDOL'TL 
BRPL\· I. 

Data output indicator 
SIav~·lt ack.nowledge of bUR 

cycl~ 

Write/hyte control 
lIC) d~\'itt- ~ltt(t 

Str~ aignalll 
Strobe- lignal", 

Control lignals 
Indicatea addre"sl5 in the 1/0 
pag~ 

I)ata transfer bu~ cycles C.ln be reduced to five basic types: DATI. 
l>AT{xBJ. DATIOB1. DATBI. and DATBO. These transactions occur 
bt,tw~n the bu~ mast~r and aIle- slave device ~lected during the 
uddresKing part of the bus cycle. 

C.3.1 aus Cycle Protocol 
~fon- inlttatlng a bus cycle. thta pre\tlous bus transaction must have been 
c.~oml)leted (~S\'NC L negattld' and the de\'ice must ~ome bus master. 
Tht, bus ('~cJe can l~ divJded into tW(. parts: addressing and data transfer. 
I)uring addresstl'lg, th~ bus master outputs the address for the desired 
sla\'ta de\'it.~t memo~' location. or de\"1ce register. The selected slave 
d~\'u.'t· TeNl)()nds by latchIng the addr~ss bits and holding this condition 
fllr tht- duratlon ()fthe bus cycle until BSYNC L becomes negated. During 
data transfer the 4lctual dat.'\ t-ransfer OCC!m"S. 

C.3.2 Device AddrMSing 
Ilt·\·i(..~ addr~~slng of a data transfer bus cycle comprises an address setup 
4tnd dcske\fi tin,e. and an address hold and deskew time. During addrHs 
setul) and deskew timet the bus nlaster does the following upenations: 

• A'iserts BDAL<21:00> L ¥."1th the desired slave device address bits. 

• A~st·rt.s BBS7 L if a device in the VO page is being addressed. 

• Asserts B\\'TBT L if the c,vcl~ IS a DATO<B 1 or DATBO bus cycle. 



I>unng this titne~ the address. BBS7 L. and B\\7BT. L signals are 
aM_ned at the slave bus receiver for at least 75 ns hefGre BSYNC goes 
active DeVlcei in the 1/0 page ignore the nine high-order address bits 
BDAL<21:13>, and in.tead. decode BBS7 L along with the 131owe order 
addretl. bits. An active BWTBT L signal during addrels setup tim~ 
indicates tbat a DATO<B) ur DATBO operation follows, while an inactive 
BWTBT L indicat~ a DATI. DATBI. or DATlO(B) operation. 

TM Mddress hold and deakew time begins after B9YNC L is asserted. 

The·slave device URea the active BSYNC L bus received output to 
clock aOAL address bits. BBS7 L. and B\\~BT L into its internal 
logic. BDAL<21:00> L, BoS? L. and BWTBT L remain acti\'e for 25 
nR mInImum after tm. BSYNC L bus receIver goos active. BSYNC L 
remains activ~ fur the duration of the bus cycle. 

Memory and peripheral devices are addressed silnitarly. except for the 
way the slave device responds to BSS? L. Addressed peripheral devices 
must not d4!t.'<lde addreMs bits on BDAL<21:13> L. Addressed peripheral 
devlce can respond t.o a bus cycle when BBS7 L lS assertoo (low) during 
the addreKsing of the cycl~. When as Ye 1· ted , SBS7 L indicates that the 
deVice address reside,,- .n the 1/0 page (the upper 4K addr~ss space). 
Mer-'lor~· deVlct!s general!,,. do n()t respond to addresses in the 1/0 page: 
huwever. sanle system applicati()ns may pennit memory to reside in the 
1/0 pag~ f01' use as DMA buffers. read .. onl~· memory bootstraps, and 
diagnoHtics. 

DATI 

Tht'DATI bus < .. ycle. shown in Figure ('-1. is a read operation. During 
DATI. datu is input tc) the bus master. Data consists of 16-bit word 
transfers over the bus. During data transfer of the DATI bus c)~cle. the 
bus nUlster asserts BDIN L 100 ns minlmum after BS\~C L is a8ser~. 
The slave devil~ r~sp<)nds to BDIN L actIve as follows: 

• Asserts BRPLY L 0 ns minimum (8 ns maXlmum to avoid bus tinleout~ 
aftttr recei\'ing BOIN t.', and 125 ns maximum before BDAL bus driver 
data bits are valid. 

• ASl!Ierts BDALc:21:00> L wit.h the addressed data and error 
lnfonnation 0 ns (minimum 1 after recei\·ing BDIN" and 125 ns 
(maxtmum} after assertion of BRPL\·. 
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When the bus master receives 8RPI ... Y L. it does the following: 

• Waits at least 200 ns deskew time and then accepts input data 
at BDAL<17:00> L bus receivers. BDAL <17:16> L are used for 
tranlmitting parity errors to the master. 

• Negates BDIN L 200 ns minimum to 2 JlS maximum after BRPLY L 
goes active. 

The slave device resklOnds to BDIN L negation by negating BRPLY Land 
removing read data from BDAL bus drivers. BRPLY L must be negated 
100 ns maximum prior to removal of read data. The bus master responds 
to the negated BRPLY L by negating BSYNC L. 

Conditions for the next BSYNC L assertion are as follows: 

• BS\~C L must remain negated for 200 ns minimum. 

• BSYNC L must not become asserted within 300 ns of previous BRPLY 
L negation. 

Figure 0-2 shows DATI bus cycle timing. 

NOT~ 
Continuous asaertion or BSYNC L l'etamscontrol of the bus by the 
bus m •• tel; and the previouely addre8aed ~1ave device remain • 
• elected. This is done for DATIO(B) bus cycles where DATO or 
DNI'OB follows a DATI without BSYNC L neeation and a eeconcl 
device addrel&iDif operation. AttIG •• 8low 81ave device Cidl hold 
ote data tran.fen to itaelf by keepin& BRPLY L auertecl, which 
c&UHIi the ma.ter to keep BSYNC L uaertecL 

DATOR 

DATOB t shown in Figure C-3, is a write operation. Data is transferred in 
32·bit words <DATO) or a·bit bytes (DATOB) from the bus master to the 
slave device. Th~ data transfer output can occur after the addressing part 
of a bus cycle when BWTBT L has been asser~ by the bus master. or 
imm~diately following an input transfer part of a DATIOB bus cycle. 
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The data transfer part· of a DATOB bus (:ycle comprises a data setup and 
deskew time and a data hold and deskew time. 

During the data setup and deskew time. the bus master outputs the data 
on BDAL<15:00> L at least 100 ns after BSYNC L assertion. BWTBT L 
remains negated for the length of the bus cycle. If the transfer isa byte 
transfer, BWTBT L remains asserted. If it is the output of a DATIOB, 
BWTBT L becomes asserted and lasts the duration of the bus cycle. 

During a byte transfer, BDAL<OO> L selects the high or low byte. This 
. occurs in the addressing part of the cycle. If asserted, the high byte 
(BDAL<15:08> L} is selected; othenvise. the law byte (BDAL<07:00> L) 
is selected. An asserted BDAL 16 L at this time forces a parity error to 
be y,Titten into memory if the memory is a parity-type memory. BDAL 
17 L is not use~i for write operations. The bus master asserts SDOUT L 
at least 100 ns after BDAL and BDWTBT L bus drivers are stable. The 
slave device responds by asserting BRPLY L within 10 JlS to avoid bus 
timeout. This completes the data setup and deskew time. 

During the data hold and deskew timet the bus master receives BRPLY 
L and negates nDOUT L. which must remain asserted for at least 150 
ns from the receipt of BRPLY L before being negated by the bus master. 
BDAL<17:00> L bus drivers remain asserted for at least 100 ns after 
BnOUT L negation. The bus master then negates BDAL inputs. 

During this time. the slave device senses BnOUT L negation. The data is 
accepted and the slave device negates BRPLY L. The bus master responds 
by negating BSYNC L. However, the processor does not negate BSYNC L 
for at least 175 ns after negating BDOUT L. This completes the DATOB 
bus cycle. Before the next cycle, BSYNC L must remain unasserted for at 
least 200 ns. Figure C-4 shows DATOB bus cycle timing .. 

DATiOB 

The protocol for a DATIOB bus cycle is identical to the addressing and 
data transfer part of the DATI and DATOB bus cycles, and is shown in 
Figure C-5. After addressing the device, a DATI cycle is performed as 
explained earlier; however. BSYNC L is not negated. BSYNC L remains 
active for an output word or byte transfer (DATOB). The bus master 
maintains at least 200 ns between BRPLY L negation during the DATI 
cycle a.nd BDOUT L assertion. The cycle is tenninated when the bus 
master negates BSYNC L, as described for DATOB.Figure C-6 illustrates 
DATIOB bus cycle timing .. 
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C.4 Direct Memory Access 
The direct memory access (DMA) capability allows direct data transfer 
between 1/0 devices and memory. This is useful when using mass storage 
devices (for examplet disks) that move large blocks of data to and from 
memory. A DMA·device needs to be supplied with only the starting 
address in memory. the starting address in mass storage, the length 
of the transfer, and whether the operation is Tead or write. When this 
infonnation is available, the DMA device can transfer data directly to or 

. from memory. Since most DMA devices must perfonn data transfers in 
rapid succession or lose data, DMA devices are given the highest priorit~'. 

DMA is accomplished after t}le processor (normally bus master) has 
passed bus mastership to the highest priority DMA device that is . 
requesting the bus. The processor arbitrates all requests and ~ants the 
bus to the DMA device electrically closest to it. A DMA device remains 
bus master until it relinquishes its mastership. The following control 
signals are used during bus arbitration: 

• BDMGl L DMA grant input 

• BDMGO L DMA grant output 

• BDMR L DMA request line 

• BSACK L bus grant acknowledge 

C.4.1 DMA Protocol 
A DMA transaction can be divided into the following three phase!;: 

• Bus mastership acquisition phase 

• Data transfer phase 

• Bus mastership relinquishment phase 

During the bus mastership acquisition phase, a DMA device requests 
the bus by asset'ling BDMR 1 •. The processor arbitrates the request and 
initiates the transfer of bus mastership by asserting BDMGO L .. 

The maximum time between BDMR L assertion and BDMGO L· assertion 
is DMA latency. This time is processor .. dependent. BDMGO L!l3DMGI L 
is one signal that is daisy-chained through each module in the backplane. 
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It. is driven out of the processor on the BDMGO L pin. enters each module 
on the BDMGI L pin, alld exits on the BDMGO L pin. This signal passes 
through the modules in descending order of priority until it is stopped by 
tIle requesting device. The requesting device blocks the output of BMDGO 
L and asserts BSACK L. If SDMR L is continuously asserted, the bUB 
hangs. 

During the data transfer phase, the DMA device continues assertinp 
BSACK L. The actual dllta transfer is performed as described earlier. 

"rhe DMA device can assert BSYNC L for a data transfer 250 ns minimum 
after it received ~DMGI L and its BSYNC L bus receiver is negated. 

During the bus mastership relinqui3hment phase. the DMA device gives 
up fhe bus by negating BSACK L. This occurs after completing (or 
aborting> the last data transfer (.ycle (BRPLY L negated). BSACK L 
can be negated up to a maximUfn of 300 ns before negating BSYNC L. 

NOTE 
If multiple data tranafers are performed during this phase, 
conaideration Jnut be eiven to the Ulle or tl'.e bus for other .yatem 
lunCtiOD5~ Much a memory refre.h (if required). 

Figure C-1 shows the DMA protocol, and Figure C-8 shows DMA 
l·equestlgrant timing. 

C.4.2 Block Mode DMA 
For increased throughput, block mode DMA can be implemented on a 
device for use with memories that support this type of transfer. In a block 
mode transaction. the starting memory address is asserted. followed by 
data for that address, and data for consecutive addresses. 

By eliminating the assertion of the address for each data word, the 
transfer rate is almost doubled .. 

There are two types of block mode transfers, DATBI (input) and DATBO 
(output). The DATBI bus cycle is described in Section C.4.2.1 and 
illustrated in Figure 0-9. 

The DATBO bus cycle is described in Section C .. 4.2.2 and illustrated in 
Figure 0-10 .. 
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C.4.2.1 DATal Ius Cycle 
llefort- u {>A'rSI block mode transfer can occur. the DMA bus master 
dt'tJic(t must rC(IUest control of the bus. This occurs under conventional 
'~22· bus pr()Wcol. 

A bluck mud ... , OATSI transfer is execllted as follows: 

• AddreM devic~ memory .. the addresf; is assertt.'<i by the bus master 
un 1i\DI)R<21:00> along with the negation of TWTBT .. ·The bus master 
a~S(.·rt~ TS'~(~ 150 ns minimum after gating the address onto the 
bus. 

• Decode ~ddre .. &-the apprupriate memory device recognizes that it 
nlust respond to the address un the bus .. 

• Reque8t data-the address is removed by the bus master from 
TADDR<21 :00> 100 ns minimum after the assertion of TSYNC. The 
bus mn~wr asserts the first TDIN 100 ns minimum after asserting 
TSYNC. Tht' bus master asserts TBS7 50 ns maximum after asserting 
TOIN for the first time. TBS7 remains asserted until 50 ns mruomwn 
after th(· nssel'tlon of TDIN for the last time. In each case, TBS7 can 
bt' nSHcrted or negated as soon as the t~onditions for a~serting TDIN 
are met. The assertion of TB87 indicates the bus master is requesting 
another read cycle atl.er the current read cycle. 

• Send data-the bus slave assertsTRPLY 0 ns minim\un (8000 ns 
rnaxinlum to avoid n bus timeout) after re\!eiving RDIN. The bus slave 
aS~Tts TREF concurrent with TRPLY if~ and only if. it is a block 
nuxie de\'ice ""hieh can supp<,rt another RD!N after the current RDIN. 
The bus slave gates 'rDATA<15:00> onto the bus 0 ns minimumaft.er 
rt.~cei\'ing RDIN and 125 ns muximutn after the assertion of TRPLY. 

NOTE 
Blook mode transfers muttt not CroBS 16·word bour.dariea. 

• Terminate input transfer-the bus master receives stable 
RDATA<15:00> from 200 ns maximum afterl"eceiving RRPl:V until 
20 ns minimum after the negation of RDIN. (The 20 ns minimum 
represents total minimum receiver delays for RDIN at the slave a.nd 
RDA'l'A< 15:00> at the roaster .. ) The bus master negates TDIN 200 ns 
minitllum after receiving RRPLY. 
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• Operation (!ompletecl-the bus slave negates TRPLY 0 ns lninimum 
after re~eiving the negation of RDIN. If RBS7 and TREF are both 
asserted when TRPLY negates, the bus slave prepares for another 
DIN cycle. RSS? is stable from 125 ns after RDIN is received until 
150 ns after TRPLY negates. If TBS7 and RREF were both asserted 
when TDIN negated~ the bus master asserts TDIN 150 ns minimum 
after receiving the negation of RRPLY and continues with the timing 
relationsbip in send data above. RREJ4' is stable from 15 ns aftet" 
RRPLYasserts until 20 ns minimum after TDIN negates. (The 0 ns 
minimum represents total tninimum receiver delays for RDIN at the 
slave and RREF at the master.) 

NOTE 
The bus master m\l8t limit itaelf to not more tJlaD eight 
tran&r~r5 unless it monitors RDMR. I£ it monitors RDlttR, 
it may penonn up to 16 tran.fen; a" lonl .. RDMR is not 
asserted at the end ot the leventb tranaier. 

• Terminate bus cycle-if RBS? and TREF were not both asserted 
when TRPLY negated. the bus slave removes TOATA<15:00~ from 
the bus 0 ns minimum and 100 ns maximum after negating TRPLY. 
If TBS7 and RREF were not both asserted when TDIN negated. the 
bus tuaster negatas TSYNC 250 ns minimum after receiving the last 
assertion of HRPLY and 0 ns minimum after the negation of that 
RRPLY. 

~ Relealie the bus-the DMA bus master negates TSACK 0 ns after 
negation of the last RRPLY. The DMA bus master negates TS'YNC 
300 ns tnaximunl after it negates TSACK .. The DMA bus master must 
relnove RDATA4'!:;15:00>t TBS7t and TWTBtr from the·bus 100 ns 
maximum after clearing TSYNC. 

At this point the blook mode transfer is complete. and the bus ~rbitration 
logic in the CPU enables processor .. generated rrSYNC or issues another 
bus grant (TDMGO) ifRDMR is asserted. 

C.4.2.2 DATBO Bus Cycle· 
Before a bl<lCk mode transfer can occur. the DMA bus master device 
must request control of the bus. This occw·s under conventional Q22-bus 
prot(lCol. 

A Block mode DATBO transfer is exe~uted as follows: 

• Addreas device memory-the address is asserted by the bus master 
on TADDR<21:00> along tAith the aasertion of T\VTBT. The bus 
tnaster asserts TSYNC 150 ns minimum after gating the address onto 
the bus. 
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• Decode addreaa-the appropriate memory device recogniles that it 
must respond to the sddress on the bus. 

• Send data-the bus master gates TDA'r~<15:00> along with T\VTBT 
100 ns minimum after the assertion of TSYNC. TW'I'BT is negated. 
The bus master asserts the first TDOUT 100 ns minimum after gating 
TDATA<15:00>. 

NOTe 
During DATBO cycles. 'rBS'1 is undefined. 

• Receive data-the bus slave receives stable data on RDATA<15:00> 
froln 25 ns miniml1m before receiving RDOUT until 25 ns mininlum 
after receiving the negation of RDOUT. The bus slave asserts TRPLY 
o ns minimum ufter receiving RDOlTT. The b·us slave asserts TREF 
cuncurrent with TRPLY if, and only if. it is a block mode device which 
can support another RDOUT after t.he current RDOUT. 

NOTE 
Block mode transfers must not CroBS 16 .. word boundaries. 

• Terminate output transfer-the bus master negates TDOUT 150 ns 
minimum after receiving RRPlV. 

• Operation completed-t.he bus slave negates TRPLY 0 ns minimum 
after recei\ring the negation of RDOUT. I:' RREF was asserted 
when TDOUT negated and if the bus master wants to transfer 
another word, the bus master gates the new data on TDATA<15:00> 
100 ns lninimum after negating TDOUT. RREF is stable from 
75 ns maximum after RRPLY asserts until 20 ns minimum after 
RnOUT negates. (The 20 ns minimum represents minimum receiver 
delays for RI)OUT at the slave and RREF at the master). The bus 
master asserts TDOUT 100 ns minimum after gating new data on 
TDATA<:15:00> and 150 ns minimum after receiving the negation of 
RRPLY. The cycle cO:"itinues with the timing relationship in receive 
data l.lbove. 

NOTE 
The bus master must limit itself to not more than·8 transfers 
unless it monitors RDMR. If it monitors RDMR. it may perform 
lip to 16 transfers as long as·RDMR is not auerted at the end 
of the seventh transfer. 
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• Termm.te bu. cycle-if RREF was not asserted when RRPLY 
n~gaud or if the bus master has no additional data t.o tnnsfer. the 
bus lnaster removes data on TDATA<15:00> from the bus 100 ns 
minilnum after negating TDOUT. If RREF was not asserted when 
TDOUT negated. the bus master negates TSYNC 275 ns minimum 
after receiving the last RRPLY and 0 ns minimum after tl-.e n..ega,tion 
of the last RRPLY. 

• Releaae the bus-the DMA bus master negates TSACK 0 ns after 
negation of the last RRPLY. The DMA bus master negates TSYNC 
300 ns 1naximum after it negates TSACK. l.'he DMA bus master must 
remove TDAT~ TBS7, and TWTBT from the bus 100 ns maximum 
after clearing TSYNC. 

At this point the blo~k mode transfer is complete. and the bus arbitration 
logi~ in the CPU enables processor-generated TS\'NC or issues another 
bus giant (TDMGO) ifRDMR is asserted. 

C.4.3 DMA Guidelines 

• Systems with metnory refr-~8h over the bus lnust not include devices 
that perfonn more than one transfer per acquisition. 

• Bus masters that do not use block mode are limited to four DATI, four 
DATO. or two DATIO transfers per acquisition. 

• Block mode bus masters that do not monitor BDMR are limited to 
eight transfers per acquisition. 

• If BDMR is not asserted after the seventh transfer, block mode bus 
masters that do monitor BDMR may continue making transfers 
until the bus slave fails to assert BREF, or Wltil they reach the total 
maximum of 16 transfers. Otherwise, they stop after eight transfers. 
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C.5 Interrupts 
The interrupt capability of the Q22",bus allows an 1/0 device to 
temporarily suspend (inter'l-upt) currentprQgram e,;ecution and dlivert 
processor operation to service the request.ing de'lace. The processor inpu~s 
a vector from the de\.ice to start the senrice routine (handler). Like,the 
device register address. hardware fixes the device vector at locat1ons' "" 
within a designated range below location 001000 .. rfhe vector h,dit:ates,'the 
first of a pair of addresses. 1'he pl'ocessor reads the contents of the first 
address .. the starting address of the interrupt handler. The contents of the 
second addre.is is a ne\\' processor status word (PS). 

The new PS can raise the interrupt priority level. ttlereby preventing 
lower-level intetTupts from breaking into the current interr.J.pt service 
routine. Control is returned to the interrupted program when the 
interrupt handle.' is ended. The original interrupted program's address 
(PC) and its associated PS are stored on a stack. The original PC and 
PS are restored by a return from interrupt (RT! or RTTi instruction at 
the end of the handler. 'rhe use of the stack and the Q22·bus intern1.pt 
scheme can anow interrupts to occur within interrupts (nested interrupts), 
depending on the Ps. 
Intt rrupts can be caused by Q22·bus options or the MicroVAX CPU. Those 
intf~rrupts that originate frool .... rithin the processor are called traps. l'raps 
are caused by. programming errors. hardware errors, special instructions, 
and maintenance featureso 

The fono\\~ng Q22 .. bus signals are used in interrupt transactions: 

-----------
Signal 

BIRQ41.­
BIRQ5 L 
BIRQ6 L 
BIRQ7 L 
BIAKI L 
BlAKOL 

BDAL<21:00> 
BDIN L 
BRPL'lL 

Definition 

Interrupt request priority leve14 
lnten'upt request priority level 5 
Interrupt request priority level 6 
Interrupt request priority level 'i 
In~lTupt acknowledge input 
Interrupt acknowled~e output 

Data/address lines 
Data input strobe 
Re-pl~' 
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,C.S.1 Device Priority 
The Q22·bus ~upports the foUo\\oing two methods of device priority: 

• Distributed arbitration - priority le~'els are implemented on th.;:~ 
, hardy/are.' When. devices of equal priority level requ~st an interrupt, 

, 'priolity' is. given to the device electrically closest to the processor. 

.• Position-defined arbitration - pri~lrity is detenni~ed solely by 
electrical position on th~ bus. The closer a device is to the pr(}cessor~ 
the higher its, priolit.y is., ' . ' 

C.5.2 Interrupt Pro'ocol 
Interrupt protocol on th~ Q22 .. b\ls has,th~e p~ases: 

• , I , 

• I~te~~pt 'request' , ' ' 

'" Interrupt acknowledge and priority arbitration 
, 

• IntelTUpt vector tr.a~sfeT phas'e' , 

The inter.rupt request 'phase begins when .a. deyice meets its specific 
conditions for interrupt requests. For,.~~mpie, the device is ready. 
dune. or an error occutrect Tbe'i~terrupt enable bit in a device status 
register m~t. be ~ct. THe device then initiates the intetTUpt by asserting 
the inten"upt request line( s}. BIRQ4 L is the lowest hardware priority 

. level and is asserted for all interrupt requests for' c.!lmpatihility ,with 
previous Q22-bus processors ... The level.at whicl'l it device is configured 
must also be asserted. A special case exists for lev'el 7 devices that must 
also assert le\.'el 6. The follo\ving list gives t.he interrupt levels and the 
corresponditlg Q22-b~\s interrrupt request lines. For an explanation, refer 
to Section C.O.3. 

Interr~pt Le,,·el Lin. AMeried by Device 
-----------------------------------

4 BIRQ4 L 
BIRQ4 L. BIRQ5 L 
BIRQ4 L. B!RQ6 L 

7 BIRQ4 L. BIRQ6 L, BIRQ7 L 

Figure C,...11 shows the inte~rupt request/acknowledge sequence. 



""RIHH .".!E ~~ •.. r.IT~ 
t.~<'fk r {o(I' ..... 

1 
I 
I 
I 

• i.U:..·.· nt(:'.;E~" 
.. t.I.,~ •• V.O .\~st Rf R';'f(I} • 

... I ~ ,! \. t \ I.,h .,' •. 
11 " •••.•.•. \ 't ''I Ll' i '.! 

",", ... ! \ • 'lH .4~t.P (<,:,C:. 
'\.I.~Jf BI>I'-o;, ,\'.;11 !'ii;"/I.., , I 

~'U,I\ .~ ... loti ..... ·~RHI-'~·t 

".h ..... '.RH,.P'fH PHPLjRAP.,' 
t'. ;,,\!l " ... ' .. ~ .;, T A( ... 

I. ::.[ ' .. B\ i'( A .... [) p~ ~ ROM 
"t. II HMH1R~~"EndJ(AT'1l~ 

t "h t'lt- ."",'(f-W. P! ~lR\ICE 

u. t,·· ....... HI~ hlf {1~\'ll~ 

--- ----­....,.---. ...----

----- --- -

----- --..,. 

-.... -- -------_ . .---- .. ---. 

--.--
~-- ---

---------.......--- -----

C22·bus Specification .0-29 
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Figure 0-11 Interrupt Request/Acknowledge Sequence 
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The interrupt request line remains asserted until the request is 
acknowledged. 

During the intetTupt acknowledge and priority arbitration phase. the LSI· 
11/23 processor acknowledges interrupts under the following conditions: 

• The device interrupt priority is higher than the current PS<7:5>. 

• The processor has completed instruction execution and no additional 
bus cycles are pending. 

The processor acknowledges the interrupt request by asserting BDIN L. 
and 150 ns minimum later asserting BIAKO L. The device electrically 
closest to the processor receives the a~knowledge on its BIAKI L bus 
receiver. 

At this point, the two types of arbitration must be discussed separately. 
If the device that receives the acknowledge uses the four-level interrupt 
scheme. it reacts as follows: 

• If not requesting an interrupt, the device asserts BIAKO L and the 
acknowledge propagates to the n.ext device on the bus. 

• If the device is requesting an interrupt, it must check that no higher ... 
level device is currently requesting an interrupt. This is done by 
monitoring higher-level request lines. The table below lists the lines 
that need to be monitored by devices at each priority level. 

In addition to asserting levels 7 and 4, level 7 devices must drive level 
6. This is done to simplify the monitoring and arbitration by level 4 
and 5 devices. In this protoool t leve14 and 5 devices need not monitor 
level 7 because level 7 devices assert level 6. Leve14 and 5 devices 
become aware of a level '1 request because they monitor the level 6 
request .. This protocol has been optimized for level 4, 5, and 6 devices t 

since level 7 devices are very seldom necessary~ 

De"ice Priority Level Line(s) Monitored 

4 
5 
6 
7 

BIRQ5, BIRQ6 
BIRQ6 
BIRQ7 



Q22-biJS Specification 0-31 

• If no higher-level device is requesting an interrupt, the acknowledge 
js blocked by the device. CBIAKO L is not asserted.) Arbitration logic 
within the device uses the leading edge of BDIN L to clock a ftip·flop 
that blocks BIAKO L. Arbitr~tion is won and the interrupt vector 
transfer ,phase begins. 

• If a higher-level request line is active, the device disqualifies itself 
and asserts BIAKO L to propagate the acknowledge to the next device 
along the bus. 

Signal timing must be considered carefully when imp1ementing four-level 
interrupts (Figure 0-12), 
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If a single .. level interrupt device receiv'Js the acknowledge, it reacts as 
follows: 

• If not requesting an interrupt. the device asserts BIAKO L and the 
acknowledge propagates to the next device on the bus. 

• If the device was requesting an interrupt, the acknowledge is blocked 
using the leading edge of BDIN L, and arbitration is won. The 
interrupt vector transfer phase begins. 

The interrupt vector transfer phase is enabled by BDIN Land BIAKI L. 
The device responds by asserting BRPLY L and its BDAL<15:00> L bus 
driver inputs with the vector address bits. The BDAL bus driver inputs 
must be stable within 125 ns maximum after BRPLY L is asserted. The 
processor then inputs the vector address and negates BDIN Land BIAKO 
L. 1'he device then negates BRPLY Land 100 ns maximum later removes 
the vector address hits. The processor then enters the device's service 
routine. 

NOTE 
Propagation delay from BIAKl L to BlAKO L mu.t not be areater 
than 500 n. per Q22-bu& .lot. The device mu.t auert BRPLY L 
within 10)1& maximum .fter the proceuor auerta BIAKI 1... 

C.5.3 Q22·bus Four-Level Interrupt Configurations 
If you have high-speed peripherals and desire better software 
performance, you can use the four .. level interrupt scheme. Both position­
independent and position-dependent configurations can be used with the 
four-level interrupt scheme. 

Figure C-13 shows the position-independent configuration. This allows 
peri pheral de\rices that use the four .. level interrupt scheme to be placed 
in the backplane in an)' order. These de";ces must send out interrupt 
requests and manito}" higher-level request lines as described. The level 4 
request is al ",'ays asserted from a requesting device regardless of priority. 
If tyt'O or tnure devices of equally high priority request an interrupt, the 
device ph~'sicnlly closest to the processor wins arbitration. Devices that 
use the single-level in-rerrupt scheme must be modified. or placed at the 
end of the bus. for arbitration to function properly. 
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Figure 0-13 POlltion·lndlpendlnt ConfigurAtion 

Figure 0-14 shows the position·dependent configuration. This 
configuration is simpler to implemellt. A conRtraint is that peripheral 
devices must be inserted with the highest priority device located closest 
to the processor, and the remaining devices placed in the backplane in 
decreasing order of priority (with the lowest priority devices farthest 
from the processor} .. With this configuration, each device has to assert 
only its own level and level 4.. Monitoring higher-level request lines in 
unnecessary. Arbitration is achieved through the pbysical positioning of 
each device Qn the bus. Single-level interrupt devices on level 4 should be 
positioned last on the bus. 
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Figure 0-14 Position-Dependent Configuration 
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0.6 Control Functions 
The folloWing Q22-bua signals provide control functions: 

Sipal 

BREFL 
BHALTL 
BINI"fL 
BPOKH 
BDCOKH 

De6.uitioD 

Memory t<efreah (allO block mode DMA} 
Proce •• or halt 
Initialize 
Power OK 
DC power OK 

e.6.1 Memory Refresn 
If BREF is asserted dunng·the address part of a bus data transfer cycle~ 
it causes aU dynamic MOS memories to be addressed simultaneously. The 
sequence of addresses required for refreshing the memories is detennined 
by the specific requirements for each memory. The complete memory 
refresh cycle consists of a series of refresh bus transactions. A ne"N 
address is used for each transaction. A complete memory refresh cycle 
must be completed within 1 or 2 ms. Multiple data transfers by DMA 
devices must be avoided since they could delay memory refresh cycles. 
This type of refresh is done only for memories that do not perform on­
board refresh. 

C.6.2 Halt 
Assertion of BHALT L for at least 25 ns interrupts the processor~ which 
stops program execution and forces the processor unconditionally into 
console 110 mode. 

C.6.3 Initialization 
Devices along the bus are initialized when BINlT L is asserted. The 
processor can assert BINlT L as a result of executing a reset instruction 
as part of a power-up or power-down sequence. BINIT L is asserted for 
approximately 10 ps when reset is executed. 
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C.6.4 Power Status 
Power status protocol is cont.rolled by two signals. BPOK Hand BnCOK 
H. These signals are driven by an external device (usually the power 
supply}. 

0.6.5 BOeOK H 
When asserted, this control indicates that de power has been stable for 
at least 3 ms. Once asserted, this line remains asserted until the power 
fails. It indicates that only 5 }lS 01' de power reserve remains. 

C.6.6 BPOKH 
When asserted, this control indicates there is at least an 8 ms reserve of 
de power, and that BOCOK H has been asserted for at least 70 ms. Once 
BPOK has beek'l asserted) it must remain asserted for at least 3 ms. The 
negation of this linet the first event in the power·fail sequence, indicates 
that power is failing and that only 4 ms of de power reserve remains. 

e.6.7 Power-Up and Power-Down Protocol 
Power·up protocol begins when the power supply applies power with 
BnCOK H negated. This forces tile processor to assert BINIT L. When 
the de voltages are stable, the power supply or other external device 
asserts SDeOK H. The processor responds by clearing . the PS, floating­
point status register (FPS), and floating·point exception register (FEe). 
BINIT L is asserted for 12.6 ps, and then negated for 110 ps. The 
processor continues to test for BPOK H until it is asserted. The power 
supply asserts BPIKH 70 ms minimum after BnCOK H is asserted .. The 
processor then performs its power-up sequence. Normal }X)wer must be 
maintained at lellst 3 ms befure a power-down sequence can begin. 

A power·down sequence begins when the power supply negates BPOK 
H. \\'hen the current instruction is completed, the processor traps to a 
power·down routine at location 24. The end of the routine is terminated 
y.ith a halt instruction to avoid any possible memory cOlTuption as the de 
voltages decay. 

When the processor executes the halt instruction, it tests the BPOK 
H signal.. If BPOK H is negated. the processor enters the power-up 
sequence. It clears internal registers, generates BINIT L t and continues 
to check for the assertion of BPOK H. If it is asserted and de voltages 
are still stable. the processor perfonns the rest of the power-up sequence. 
Figure {"-15 shows power-up and power-down timing. 
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NOTE , 
The KA655 does not follow this protocol. Refer to Section 3:1.5 tdr 
a de.eription or KA655 initialiution. 
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Figure 0-15 Power-Up.nd Power-Down Timing 

C.7 Q22 .. bus Electrical Characteristics· 
The input and output logic levels for Q22·bus signals are given in 
Section C.?1. 

C.7.1 Signal Level Specifications 
The signal level specifications for the Q22 .. bus are as follows: 

Input Loeic Level 

TTL logical low 
TTL logical high 

Output Lotric Level 
TTL logical low 
TTL logical high 

0.8 Vdc maximum 
2.0 Vdc minilnum 

0.4 Vdc maximum 
2.4 Vdc minimum 
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C.7.2 LOld Definition 
AC loads make up the maximum capacitance allowed per aigi1al1ine to 
ground. A Ul'dt load is defined as 9.35 pF of capacitat!~e. DC loads are 
defined as maxitnu.tn current allowed with a signalUne driv~r asserted or 
unasserted. A unit load is defined as 210 pA in th~e unallerted state. 

C.7.3 120 .. 0hm Q22-bus 
The electrical conductors interconnecting the bus ~evice slot.s are treated 
as transmission lines. A uniform transmission line. tenninated in 
its characteristic impedance, propagates an electrical sig-nat without 
reflections. Sin",'e bus drivers t re~iverst and wiring connected to the 
bus have finite resistance and nonzero reactance~ the transmission 
line impedance is not uniform, and introduces distortions into pulses 
propagated along it. Passive components of the Q22-bus (such as wiring, 
cabling. and etched signal conductors) are designed to have a nominal 
characteristic impedance of 120 ohms. 

The maximum length of interconnecting cable. ext:}uding wiring within 
the backplane,; is limited to 4.88 m (16 feet). 

0.7.4 Bus Drivers 
Devices driving the 120-ohm Q22 .. bus must have open collector outputs 
and meet the following specifications: 

DC Specjfi~tion5 

• Output low voltage when sinking 70 rnA of current is 0.7 V maximum. 

• Output high leakage current when connectoo to 3.8 Vdc is 25 pA (even 
if no power is applied t except for BDCOK Hand BPOK H). 

• These conditions must be met at worst·caae supply temperature, and 
input signal1e'lels. . 

AC Specificationa 

• Bus driver output pin capacitance load should not exceed 10 pF. 

• Propagation delay should not exceed 35 ns. 

• Skew (difference in p\·opagation time between slowest and fastest 
gate) should not exceed 25 ns. 
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• Transition time (from 10% to 90ca for positive transition-rise timet 
from 90gc to lO~ for negative t,ransition-fall time) mus! be no faster 
than 10 ns. 

C.7.5 Bus Receivers 
Devices that r.eceive signals from the 120·ohm Q22·bus must meet the 
following requirements: 

DC Speeificationa 

• Input low voltage maximum is 1.3 V. 

• Input high voltage mininlunl is 1.7 V. 

• Maximunl ~nput current when connected to 3.8 'Vdc is 80 }lA (even if 
no power if) applied). 

These specifications must be met at worst40case supply voltage, 
temp't.:raturet and output signal conditions. 

AC Specifications 

• Bus reooiver input pin capacitance load should not exceed 10 pF. 

• Propagation delay should not exceed 35 ns. 

• Sk~w (difference in propagation time between sloweHt and fastest 
gate) should not exceed 25 ns .. 

C.7.6 BusTermination 
The 120·ohm Q22.bus must be terminated at each end by an appropriate 
tenninator. as shown in Figu:r~ C-16. This is to be done a.s a voltage 
divider with its Thevenin equivalent equal to 120 ohms and 3.4 
\' (nominal). This type of termination is provided by an REVll·A 
rcfresh!booVt~nninator .. BDVl1·AA, KPVll·B. TEV11. or by certain 
backplanes at!d expansion cards. 
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Figure 0-16 Bus Une Termlr.aUona 

Each of the several Q22-bun lines (all signals whose mnemonics start 
Ytith the letter B) must see an equivalent network with the following 
characteristics at each end of the bus: 

Bu. TeraiDatioD Chancteri.tic 

Input itnpedance 
(with rC8~ct to ground) 
Open circuit voltage 
Capacitance load 

NOTE 

\'--.Iue-

120 ohm +5%t -15% 

3.4 Vdc+5% 
Not to exceed 30 pF 

The reeJi.uve termination can be provided by the combination 
of two modules. (The procel8Or module aupplie. 220 ohm. to 
P'Ound. Thilif in parallel with another 22().ohm card, provide .. 120 
ohm •• ) Both terminators JIluat relide phy.icaJly within the la11le 
backplane. 

C.7.7 Bus Interconnecting Wiring 
Tne following sections give specific infonnation about bus interconnecting 
wiring. 
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C.7.7.1 aackpllne Wiring 
The wiring that connects aU device interface slots on the Q22-bus must 
meet the following spe4~ifications: 

• The conductors must be arranged so that each line exhibits a 
characteristic impedance of 120 ohms (measured with respect to 
the bus common return). 

• Crosstalk between any two lines must be no greater than 5%·. Note 
that worst-case crosstalk is manifeswd by simultaneously driving all 
but one signal line and measuring the effect on the undriven line. 

• DC resistance of the signal path. as measured between the near­
end tenninator and· the far·end terminator module (including all 
intervening connectors, cables, backplane wiring~ and connector .. 
module etch) must not exceed 20 ohms. 

• DC resistance of the common return path, as measured between the 
near-end tenninator and the far .. end tenninator module (including 
all intervening connectors. cables, backplane wiring and oonnector­
module etch) must not exceed an equivalent of 2 ohms per signal 
path. Thus, the composite signal return path de resistance must not 
exceed 2 ohms divided by 40 bus lines, or 50 milliohms. Note that 
although this common return path is nominally at ground potential, 
the conduct.ance must be part of the bus wiring. The specified 
low impedance return path must be provided by the bus wiring as 
distinguished from the COmnlOll system or powel'" ground path. 

C.7.7.2 Intrablckplane Bus Wiring 
The wiring that connects the bus connector slots within one contiguous 
backplane is part of the overall bus transnlission line. Owing to 
implernentation constt'aints, the nominal characteristic impedance of 
120 ohms may not be achievable. Distributed wiring capacitance in excess 
of the amount required to achieve the nominal 120-ohm impedance may 
not exceed 60 pF per signal1ine per backplane. 

C.7.7.3 Power and Ground 
Each bus interface slot has connector pins assigned for the following de 
voltages. The maximum allowable current per pin is 1.5 A. +5 Vdc must 
be regulated to 5% with a maximum ripple of 100 mV pp. +12 Vdc must 
be regulated to 3C}t· with a maximum ripple of 200 mV pp. 
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• +5 Vdc - three pins <4.5 A maximum per bus de\rice slot) 

• *12 Vdc - two pins (3.0 A maximum per bus device slot} 

. ...• G~ound - eight pins (shared by power return and signal return) 

, I 

NOTE.··.' ,,' , 
Power is not b~~d between backplane., on any interc'ODJ1ecting 
bus cable&-. " .', .. , . 

. '.\ ' 

. '.' \. 

'C&8" ~ystem Conflg~~atiol1S, 
. • ... I . 

Q22.bus systems can be divided intp ~wo ~ypes: 
. I 

• Systems cl)ntalriing o~e. backplane 

" t·... Systems containing n1ult.ip1v backpl~nes 
. B~f()re c~nfi8ur. ng any system, thl;ee Cha,TQ~teris'ltics for each module in 
the systen"t must b(~ ~dentified. 

tit Power consulnption - +5 Vde and +12 Vdc ~~t·e the cu.~ent 
req uircments. . 

\ , 

~ AC bus loaq.ing -. the amount of Capa~u~nce a module presents to a 
bus signal'line. AC·j loading is eKpres$ed in terms of ac loa-tis, where 
one ac load equals 9.35 pF',of capacitance. . 

• DC bus loading-the arriount of de leakage current- a. module presents 
to a bus sigt1al when the 'line is high (undriven). DC loading is 
!.xprcssed in terms of de loads t whe~'eone de load eqUals 210' J.1A. 
~nominall. . 

Power consumption. ac loading, a.nd de lo~ding"spe!!ifications for each 
module are includt!d in the Microc()mputt~r Inte1'faces Handbook. 

NOTe 
The ac and de loads and the power consumption of the processor 
module, terminator module,. and backplan~ must be included in 
determining the total loading or a backplane. 

R"ules for configuring single-backplane ~~s~ms are as follows: 

• \\"hen using a proL-essor Ytith 220-ohrn· termination, the bus can 
accomtrl0date modules that have up to 20 ac loads before additional 
telTnination is required (Figu.s-roe C-17). If more than 20 ac loads are 
included, the oth~r end of the bus must be temlin'ated with 120 ohms, 
and then up to 35 ac loads ma~ ~ presf!nt. 
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• With 120-ohm processor t.ennination, up to 35 ac loads can be used 
witr .. ')ut additional termiriation. If 120-ohm bus termination is added, 
up to 45 ac loads can be cordigured in the backplane. 

• The bus can accommodate modules up to 20 de loads (total). 

• The bus signal lines on the backplane can be up to 35.6 en! (14 inches ~ 
long. 
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3~ 6 t.M '14 1"'-1 M.\XIMliM 

-----------\, j 
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ON~ 

UNtT 
L(j~'() 

'----,--
3 
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()~,,~ 

u!\it 1 
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v---
~~\C lOAD~ 

OOClOADS 

f=igure C-17 Single-Backplane Configuration 

1 
o· ... t 
ur~II 

lUAU 

, 

I I OPTlO~.AL 
~~~~40:! 

TEHM 

, ... t.O '" ..... ~ ., ... ~ 

Rules for configluing multiple backplane systems are as follows: 

• Figure C-18 shows that up to three backplanes can make up the 
system. 

• The signal lines on each backplane can be up to 25.4 cm (10 inches) 
long. 

• Each backplane can accommodate modules that have up to 22 ac 
loads. Unused ac loads from one backplane may not be added to 
anotht!r backplane if the seei)nd backplane loading exceeds 22 ac 
loads. It is rlesirable to load backplanes equal1Yt or with th~ highest 
ac loads in the first and second ~ackplane~. 
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BACKPLANE WlRE ---~."'I"""--'" 
35.6 eM (14 tn. ~ MAX 

~------------~---4~--~.--------~ CABLE 

250H 
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Figure 0-18 Multiple Backplane Configuration 
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• DC loading of all modules in all backplanes cannot exceed 20 loads. 

• Both ends of the bus must be terminated with 120 ohms. This means 
the first and last backplanes must have an impedance of 120 ohms. 
To achieve this, each b{lCkplane can be lumped together as a single . 
po5 nt. The resistive termination can be provided by a combination of 
two modules in the backplan~ - the processor providing 220 ohms to 
ground in parallel with an expansion paddle card providing 250 ohms 
to give the needed 120·ohm termination. 

Alternately, a processor with 120-ohm tennination would need no 
additional tennination on the paddle card to attain 120 ohms in the 
first box. The 120-ohm tenninatiDn in the last box can be provided 
in two ways: the termination resistors may reside either on the 
expansion paddle card, or on a bus termination card ,such as the 
BDV11). 

• The cable(s) connecting the first two backplanes is 61 em (2 feet) or 
more in length. 

• The cable( s} connecting the second backplane to the third backplane is 
122 em (4 feet) longer or shorter than the cable{s) connecting the first 
and second backplanes. 

• The combined length of both cables cannot exceed 4,88 m (16 feet). 

• The cables used must have a characteristic impedance of 120 ohms. 

C.8.1 Power Supply Loading 
Total power requirements for each backplane can be determined by 
obtaining tlle total power requirements for each lnodule in the backplane. 
Obtain separate totals for +5 V and +12 V power. Power requirements for 
each module are specified in the Microcomputer interfaces Handbook. 

When distributing powe!'in multiple backplane systems, do not attempt 
to distribute power through the Q22-bus cables. Provide separate, 
appropriate power wiring from each power supply to each backplane .. 
Each power supply should be capable of asserting BPOK Hand BnCOK 
H signals according to bus protocol; this is required if automatic power .. 
faiVrestart programs are implemented, or if specific peripherals require 
an orderly power·down halt sequence. The proper use of BPOK Hand 
BneOK H signals is strongly recommended. 



022·bus Specification 0-45 

e.9 Module Contact Finger Identification 
DIGITAL's plug-in modules all use the same contact finger (pin) 
identification system. A typical pin is shown in Figure 0-19. 

~lOT tR')\o''':, IOf ,...llf'E R 
~l OT A 

Bn~ 

PIN 'OENTlFlf P 
PI'~ t 

I\1QOUL£ SIDE 
IDENTIFIER 

SIDE "2 cSOLO£R 
SIDEr 

..... ": ....... 

Figure 0-19 Typical Pin IdentlficaUon System 

The Q22·bus is based on the use of quad-height modules that plug into 
a 2 .. s10t bus connector. Each slot contains 36 lines (18 lines on both the 
component side and the solder side of the circuit board). 

Slots, row At and row B include a numeric identifier for the side of the 
module. The compof'i.~nt side is designated side 1, the solder side is 
designated side 2, as shown in Figure C-20. 

Letters ranging from A through V (excluding G~ It 0, and Q) identify a 
particular pin on a side of a slot. Table C-7 lists and identifies the bus 
pins of the quad·height module .. A bus pin identifier ending with a 1 
is found on the component side of the board t while a bus pin identifier 
ending with a 2 is found on the solder side of the board. 

The positioning notch between the two rows of pins mates with a 
protrusion on the connector block for correct module positioning. 
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Figure C-20 Quad-Height MOdule Contact Finger Identification 
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The dimensions for a typical Q22-bus module are represented in 
Figure C-21. 
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0" Figure 0-21 Typical Q22-bus Module DimenSions 

Table 0-7 Bus Pin Identifiers 

AAl 

ABl 

ACl 

ADI 

BIRQ5 L 

BIRQ6L 

BDAL16L 

BDAL17 L 

Definition 

IntelTupt request priority level 5. 

IntelTupt request priority level 6. 

Extended address bit during addrel.ing protocol; 
memory error data line during data tranlfer 
protocol. 

Extended addra8a bit during addressing protocol; 
memory error logic enable during data transfer 
protocol. 
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Table 0-7 (Cont.) Bus Pin Idenllfilr. 

Bus Pin Sipual Definition 

AEl SSPAREl Special spare - not assigned or bused in 
(a lternate +5B) DIGITAL's cable or backplane aS8emblies. 

Available for user connection. Optionally. this 
pin can be used for +5 V battery (+5 B) back-
up power to keep critical circuits alive during 
power failures. A jumper is required on Q22.bu8 
options to open (disconnect) the +5 B circuit in 
systems t.hat use this n~e as 
SSPARE1. 

AFl SSPARE2 Special spare - not assigned or bused in 
DIGITAL's cable or backplane assemblies. 
Available for user interconnection. In the 
highest priorit~ device slot. the proce8S0r can 
use this pin for a signal to indicate its run state. 

ARt SSPARE3 Special spare - not atlsigned or bu .. ed 
SRUN simultaneously in DIGITAI:s cable or bacl'plane 

assemblies; available for user interconnection. 
An alternate SRUN aignal can be connected in 
the highest priority set. 

AJl GND Ground - system lignal ground and de return. 

AKI MSPAREA Maintenance spare - normally connected 
together on the backplane at each option location 
(not a bUlLed connection). 

ALI MSPAREB Maintenance spare - normally connected 
together on the backplane at each option location 
tnot a bused connection). 

AMI GND (;round - system signal ground and de return. 



T ... 0-7 (Cont.) BUI Pin Identifiers 

Bu. Phl SiaruaI Definition 

ANl BDMRL 

APl BHALTL 

ARt BREFL 

DMA request......; a device ••• erts this signal 
to l"equeMt hus malterahip. The proces8or 
arbitrates bus mastership bet-ween itself and 
all DMA devices on the bUB. Ifth~ proceliHor is 
not bus matter (it has completed a bus cycle and 
BSYNC L is not being al»erted by th~ pro<:esRor). 
it grants bus mastership to the requellting de\'lce 
by a.,erting BDMGO L. The devi~ responds by 
negating BDMR Land allierting BSACK L. 

Procestor halt - when BHALT L is asserted 
for at least 25 ps" the procelulor aervices the 
halt intetTupt and t'esponds by halting normal 
program execution. External intetTupts are 
i~ored hut memor)' refresh interrupts in Q22· 
bus operations ate enabled ifW4 on the ~!7264 
and M7264· YA proce88<lT' modules is removed 
and DMA Tequeatlgrant sequence& are enabled. 
Theo procel ... or execute» the ODT trlicroco<ie. and 
thtl con.ol~ device opt!ratlQn is invoked. 

Memor)" refreah - asserted by a D?tA devire .. 
This signal forces all dynamic MOS memory 
units 1't'quiring bus refresh signals to ~ 
acti,'ate<i for each BSYNC 1JBDIN L bus 
transaction. It is also used as a control signal 
fot' block mode DMA. 

CAunOH 
The UAr _u.t avoid _ultiple DMA clata 
tr.nar .... (bunt C1Ir hot _ode) that could 
delay refretth operatiOD if' WliDg DMA 
refre.h. CQ_plew .... &e.b eyel .. _llct 
occur ODce every 1.6 •• if required. 



C-SO Q22·b~$ Specificatiun 

Table C-7 (Cont.) Bus PIn Identifier. 

ASl 

AT! 

AUl 

AVl 

BAl 

BBl 

Bel 

BDl 

BEl 

+12 B or +5 n 

aND 
PSPARE 1 

+5 B 

BDCOKH 

BroKH 

SSPARE4 
BDAL18L 
t22-bit only) 

SSPARE5 
BDAL19L 
(22 .. bit only) 

SSPARE6 
BDAL20L 

De&r.aitioa. 

+12 Vdc or ... 5 V battery back-up powel- to keep 
critical circuits alive during power failures. This 
lignal ia not bUled to BSI in all of DIGITAL's 
backplanes. A jumper is required on all Q22.bua 
options to open (disconnect~ the backup circuit 
from the bus in ayatems that Ute this line at t.he 
alternate volt.age. 

Ground - .),stem aignal grilund and de return. 

Spare - not a.signed. CUltomer ua&lge not 
recommended. Prevents damage wh~n modules 
are inaerted upaide down. 

+5 V battery power - ifecondary +5 V power 
connection. Battery power can be uaed with 
certain devi~e8. 

DC power OK - a power supply generated 
signal that is a.aetted when the available de 
voltage 1S 8ufficient to sUltain reli.bl~ ~yatem 
operation. 

Power OK - alsened by the power supply 10 
rna afiEtt" BDCOK is negated when a~ power 
drops below t~ ".lue required to sustain power 
(approxinlately 75% of ,~~minal}. When negated 
during proce.aoT operation. a power.fail trap 
lequence is initia~. 

Special apaft in. the Q22.bu8 - not assigned. 
BUled in 22 .. bitcable and backplane aaaeulbUes. 
Available tal' uller interconnection. 

CAunON 
Thne pia .... ". be UMd by JIIanufacturmc 
.. teet point. in 8O_e option •• 

In the Q22-bu89 the&~ bused addrels line~ are 
addrel8 linas. <21:18>. Currently not used 
during data time. 



022·bus Specification 0-5 t 

T.a. 0-7 (Cont.) Bus Pin Identifier. 

Bua Pia Sicnal n.fbaitiOD 

BFl SSPARE7 In tlw Q22·bul. thele hUlled .ddrells lines are 
BDAL21L addrews lines <21:18>. Currently not u.wd 

during data time. 

BUl SSPARE8 Special spare- - not .aligned or buaed in 
DIGIT,\!: .. '!abl? and backplant' .llIenlblies. 
A\'ailabltt far u .. er interconnection. 

BJl GND Ground - system Mignal ground and de return. 

BKI MSPAREB MaiFltenanct' spare - normally conn~ted 
BLI MSPAREB t(.")g~ther on the backplant' at each option location 

(not a hu~ f.onnect.ion t-

BMI GND Ground - ~YKtem lii~al ground and de return. 

aNI BSACKL Thlll "lgn~l 18 a""fWd b)' a DMA de\~ce in 
reRpan~e to the' proceaaor

9

" BDMGO L signal, 
tndlcat.ln~ that the DMA device is bus master. 

BPI BIRQ7 L 1 nwrr..zpt requeMt pnority level 7. 

BRl BEVN1r L Ex~rnal event inten-upt requeat - wh~n 
~u4Me~d. th~ procetUlor reaponda by entering 
a aervlce routine through vector addreas 1008. A 
typical U~ of this aignal is aa a line time- clock 
(LTC) interrupt 

US} +12 B ... 12 Vdc battery back·up POWf.'l" (not bused to 
ASI in all of DIGITAL~, bacKplanes). 

BTl GNP Ground - system signal ground and de return. 

BUI PSPARE2 Power spare 2 - not 38signed a function and 'not 
recctmmended for use. If a module is using 
-12 \' (on pin AB2). and. if the module is 
accidentaUy inserted upside down in the 
backplane. ·12 Vee appears on pin BUI. 

BVl +5 +5 V power - normal+5 Vdc system power. 

AA2 +5 +5 \7 power - normal. +5 Vdc system power. 
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TIIM C-7 (Cont.) Bua Pin Identifiers 
Bu. Pill sqpw De6Ditioll 

AB2 

AC2 

AD2 

AE2 

AF2 

AH2 

·12 

GND 

+12 

BnoUTL 

BRPLYL 

BDINL 

.. 12 V power- ·12 Vdc power for (optiona}) 
device. requiring this voltage. Each Q22-
bus moduleo that requires negative voltage. 
contain a an inverter circuit that generateli the 
requil"ed voltage(a). Therefore, ·12 V power 1. 
not required with DIGITAI1s options. 

Ground - system signal ground and de retUnl. 

+12 V power - +12 Vdc .yatem power. 

Data output - wh~n aa8erted~ BOOUT implies 
that valid data is .\'ailahIe- on BDAL<O:15> L 
and tha.t an output transfer. with respect to the 
b\lS nlaster device, is t41king place. BnoUT L is 
delke¥."ed with respect to data on the bus. The 
slave device responding to the BDOUT L signal 
must alBert BRPLY L to complete the transfer. 

Reply - BRPLY L is asserted in response 
to BDIN L ur BDOUT L and during lAK 
transactions. It is generated b~t a 8lave device to 
indicate that it has placed ita data on the BDAL 
bus or that it haa accepted output data from the 
bUI. 

Data input - BDIN L is used for two types of 
bus operations. 

• \Vhen asserted during BSYNC L time, BDIN 
L implies an input transfer with respect 
to the cun-ent bus master, and requires a 
response (BRPI4Y L). BDIN L is alaerted 
when the master device is ready to accept 
data from the slave de\ice. 

• . When a.lerted without BSYNC L. it 
indicates that an interrupt operation is 
occuning. The master- device must deskew 
input data from BRPr.;y L. 
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Taa. 0-7 (Cant.) Bua Pin Identifiers 

Bu. Pill SiaDal DetlDitioD 

AJ2 

AK2 

AL2 

BSYNCL 

BWTBTL 

BIRQ4 L 

BJAKI L 
BIAKOL 

Synchronize - BSYNC L is .alerted by the bus 
master de\'ice to indicate that it has placed an 
address on BDAL<O:17> L. The transfer is in 
p~'ocea8 until BSYNC L is negated. 

Writelhyte - BWTBT L is used in two ways to 
control a bus cycle. 

• It is aBlJerted at the leading edge of BS'lNC 
L to indicate that an output sequence (DATO 
or DATOB)., rather than an input sequence. 
is to follow. 

• It is aalerted during BDOUT 1... in a DKrOB 
bUB cycle. for byte addre •• ing. 

Int.etTupt requeat priority le~el 4 - a lev~l 4 
device allerW this Bignalwhen its ii1terrupt 
enable and interrupt request flip--flops are aet. If 
the PS word bit 7 is O. the proceliOr responds by 
acknowledging the requeat by allerting BDIN L 
andBIAKOL. 

Interrupt acknt.~wledge - in accordanc~ with 
intelTupt protocol. the procellur asserts BIAKO 
L to acknowledge rec:e!pt ~f an intel"'n1pt. The 
bus transmits thia to BIAKI L of the device 
electrically cloaest to the procel801'. This device 
accepts the lnterrupt acknowledge under two 
conditions. 

• The de\'ice rBqueawd the bus by aSlerting 
BIRQn L (where n= 4, 5, 6 or '7) 

• Theo device has tIle highest priority interrupt 
request on the bus ~t that ti~ne. 
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Tlble C-7 (Cont.) BUI Pin Identifiers 

Bus Pill . Si«wal 

AP2 

AR2 
AS2 

AT2 

BBS7L 

BDMGIL 
BDMGOL 

BINrrL 

Definition 

If these conditions ar~ not met. th~ device 
asserts BIAKO L to the next de\ice on the bus. 
This process continues in a daisy chain fashion 
until the device with th~ highest interrupt 
priority receives thp interrupt a<:knowledge 
signal. 

Bank 7 select - the bus nlaswr aSKerts this 
signal to r~fer~nce thl· 1.10 pagta uncluding 
that part of the page retlerved for nonexistent 
memory'. The addre~s in BDAL<O:12> L when 
BBS7 L is asserted is th~ ~ddress within thE' 1/0 
page. 

Direct m~mory acce!Js brrant - the hus erhitrator 
aS8t-rts this signal to grant bus mastership to a 
rt-questing d~\"lCf.'. according to bus mastership 
protocol. ThE- signal is passed in a daisy-chain 
from the- arbitratur (as BDMGO L) through the 
bus to BDl\IGI L of the naxt priority de\'ice (the 
devitt' electrically closest on th~ lnxs). 

This device acct'pts th~ grant only if it r~que8t.ed 
to b~ the bus master <by a BDMR L}. If 
not. the de\'1«' passes the grant (a~serts 
BDMGO L l u) th~ next de\ice on the bus. This 
process continues until the F'equesting device 
acknowledg(ld th~ grant .. 

CAUTION 
DMA device tranafe1"'8 UlU.t not interfere­
with the memory refrah cycle. 

Initialize -- this signal is used for system reset. 
All devices on thE' bus ·are to return to a known. 
initial sta~~ that is. registers are reset to zero. 
and logic is l't'set to sta~ O. Exceptions should 
b~ completely documented in programming and 
engineering spt'cifications for the de\~ce. 
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Table 0-7 (Cont.) Bus Pin Identifiers 

AU2 
AV2 

BA2 

BB2 

BC2 

BD2 

BE2 
BF2 
BH2 
BJ2 
BK2 
BL2 
Bl'ti2 
BN:~ 
Bl)2 
BR2 
BS2 
BT2 
BU2 
BV2 

Sicnal 

BDALOL 
BDALIL 

GND 

+12 

BDAL2L 
BDALS L 
BDAIA L 
BDALS L 
BDft...L6 L 
BDAL7L 
BDALS L 
BD&\L9 L 
BDALIOL 
BDALll L 
BDft..L12 L 
BDAL13 L 
BDAL14 L 
BDAL15L 

Definition 

DataladdreiS lines - these two lines are part 
of the 16 ... 1ine dataladdreas bus over which 
address and data infonnl\tion are communica~d. 
Address information is first placed on the bus 
by the bus master de,,~ce. The same device then 
either receives input data from~ or outputs data 
tot the addressed slave device or memory over 
the same bus lines. 

+5 V power- normal +5 Vdc system power. 

·12 \" power (v~ltage not supplied) - -12 Vdc 
power for (optional) devices requiring this 
voltage. 

Ground - sYlStem t)ignal ground and de return. 

+12 V power - +12 v "fyatem power. 

Data/address lines - these 14 lines are part of 
the IO·line data/address bus. 



D 
Acronyms 

This appendix lists and defines the acronyms that are most frequently 
used in this manual. 

ACRONYM 

ACV 
AlE 
ANSI 
AP 
ASTLVL 
BBU 
BCD 
BDX 
BM 
BRS 
CADR 
CMCTL 
CPMBX 
CQBIC 
eRe 
CSR 
CSTD 
CSTS 
DE..I\.R 
DIP 
DM 
DMA 

DEFINI'flON 

Access cont-rol violation 
Alarm interrupt enable 
American National Standards Institute 
Argument pointer 
Asynchronous system trap level 
Battel"Y back-up unit 
Binary coded decimal 
Boot and diagnostic register 
Byte mask 
Ba ud rate select signals 
Cache disable register 
eVAX memory controller chip 
Conlole program n'lailbox 
eVAX Q22-bu8 interface chip 
Cyclic redundancy check 
Control and statUI register 
Console atol'age transmit data. 
Con801~ stcrage transmit AtatU8 
DMA error address regi8ter' 
Dunl in-line package 
Data tnode 
Direct menlory acces2 

0-1 



0-2 Acronyms 

ACRONYM 

DSE 
EDITPC 
EIA 
EPR01\1 
ERR 
ESP 
FP 
FPA" 
FPU 
aPR 
Ices 
ICR 
lORESET 
IPCR 
IPL 
IPR 
ISP 
KBP 
LSI 
MAPEN 
MBRK 
MBZ 
MCESR 
Mes 
MFPR 
?:-1:MU 
MOP 
MOS 
MSER 
MTPR 
NICR 
NXM 
POBR 
PIBR 
PC 
PCB 
PCBB 
PIE 

DEFINITION 

Daylight saving enable 
EDIT packed to character string 
Electronic Industries Association 
ETasable programmable read-only memory 
Enor signa! 
Executive stack pointer 
Frame pointer 
Floating.point accelerator 
Floating·point 'lnit 
General purpose register 
Interval clock control and status register 
Interval count register 
110 bus reaet register 
Interproce88or communication register 
Interrupt priority level 
Internal processor register 
I nterrupt stack pointer 
Kernel stack pointer 
Large scale integration 
Memory management mapping enable register 
Microprogram break register 
Must be zero 
Machine check error summary register 
Multinational character set 
Move from process register 
Memory management unit 
Maintenance operation protocol 
Metal oxide semiconductor 
Memory system error register 
~iove to proC~88 register 
Next interval count register 
NonexiRtent memory 
PO base register 
Pl base register 
Program counter 
Process control block 
Process control block base 
Periodic interrupt enable 



ACRONYM 

POLR 
PILR 
PMR 
POPT 
PIPT 
PROM 
PSL 
PSW 
PrE 
QBEAR 
RAM 
RPB 
RXCS 
RXDB 
SAVPC 
SAVPSL 
SBR 
seA 
SCB 
SCBB 
SID 
SIE 
SIRR 
SISR 
SLR 
SLU 
SP 
SPI' 
SQWE 
sse 
SSP 
TBCHK 
TBDATA 
TBDR 
TBlA 
':'i'BIS 
'rNV 
TODR 

DEFINlTION 

PO length regilter 
Pl length regilter 
Perfonnance mllnitor enable register 
PO page table 
PI page table 
Programmable read only memory 
Processor 8tatuslongword 
Proceslor atat\lIS word 
Pag~ table ent~ 
Q22.bu8 elTor addrels register 
Random-access memory 
Restart parameter block 
Con8ole receiver controllatatul regiater 
Con.ole receiver data buffer 
Con.ole saved PC register 
Console laved PSL regilter 
System baae register 
System communication. architecture 
System control block 
System contl"Ql block bale 
System identification regh\ter 
System identification extension 
Software interrupt requeat regilter 
Scftware interrupt. aumm .. ry regilter 
System length register 
Serial line unit 
Stack pointer 
System page table 
Square.wave enable 
System support chip 
Supervisor stack pointer 
Translation buffer cheek regillter 
Translation buffer data 
Tran»lation buffer diaable register 
Tran,lation butTer invalidate all 
Translation buffer invalidate lingle 
Translation not valid 
Time·of-year regilter 

Acronyms 0-3 



D-4 ACl'onyms 

ACl1tONYM 

TXCS 
TXDB 
UIE 
UIP 
USP 
VLSI 
VPN 
VRT 
WtfB 
XFC 
ZIP 

DEFINITION 

Console transmit controlletatus register 
Conlole tranlmit data buffer 
Update interrupt enable 
Update in progrels 
U.er stack pointer 
Very large .cale integration 
Virtual page number 
Valid RAM and time 
Virtual memory bootstrap 
Extended function call 
Zig-zag in-line package 



A 

Abort. 3-16 
Accessing thE' Q22 ... bus map 

registers, 3-87 
Argument p-i>inrer (APl, 3-2 

B 

Backplan~ wiring. C-40 
Battery backed-up RAM. 3-81 
Baud rate~ 3-70 
BDCOK H. C-35 
Block mode DMA, C-18 
BOO'!'. 4-20 
Boot and diabFflostic facility, 3· -16 
Boot and diagnostic register (~DI(), 

3-77 
Boot de\-1ces, 4-58 
Boot flags, 4-60 
Bootstrapping, 4-58 
BPOKH. C-35 
Break response, 3-69 
Bus cycle protocol. C-7 
Bus drivers. C-37 
Bus interconnecting wiring. C-39 
Bus receivers. C-38 
Bus w'1llination. C-38 

c 
Cache.ahl~ references, 3-83 
Cache control register (CACR). 

3-48 

Index 

Cache disable register (CADRl, 
3-38 

Cache memory. 1-6, 3-33 
Can-back entry points, 4-82 
CDAL bus to Q22-bu8 address 

translation. 3-90 
Gentral processing unit~ 1-5 
Gent-ral processor, 3-1 
Clock functions. 1-5 
CMCTL registers t 4-79 
Command address specifiers, 4-15 
! . Comment, 4-54 
Configuration and display connector 

(J2). 2-5 
COt..JFIGURE, 4-22 
Configuring the RA655. 2-4 
Configuring the Q22-bus map. 3-92 
Console command keywords, 4-14 
Console command qualifiers, 4-15 
Consr.le commands, 4-19 
Cons(~le command syntax, 4-13 
Console control characters. 4-11 
Console error messages, 4-89 
Console interrupt specifications. 

3-70 
Console program mailbox, 4-85 
Console receiver control/status 

register <RXeS), 3-65 
Console receiver data buffer (RXDB) 

3-66 • 
Console registers. 3-64 
Console serial line. 3-64 
Console service. 4-11 
Console SLU connector (Jl), 2-4 

Index-1 



index-2 

ConHol£l' trat"smitter control/status 
register (TXCS). 3-67 

Conllole transmitter data buffer 
(TXDB). 3-69 

Content1i of Main Memory ~ 4-19 
CONTINl.TE. 4-23 
Control functions, C-34 
CPU references, 3-31 

D 
Data-stream read references, 3-31 
Data transfer bus cycles, C-6 
Data types. 3-9 
DATBl bus cycle" C-23 
DATBO hUB cycle, C-24 
DEPOSIT~ 4-24 
Detailed local address space map, 

B-2 
Device addressing) C-7 
Device-dependent bootstrap 

procedures, 4-66 
Device priority, C-28 
Diagnostic Interdependencies. 4-74 
Diagnostic LED register (DLEDR), 

3-79 
Diagnostics, 4-72 
Dimensions, A-I 
Direct memory access, C-17 
Disk and tape bootstrap procedure. 

4-66 
DMA error address register <DEAR), 

3-99 
DMA guidelines. C-26 
DMA protocol. C-17 
DMA 8yswm error register (DSER), 

3-95 

E 
Electrical specificatio'.1S.· A-I 
En\ironmental specifications, A-2 
EPROM layout, 4--80 
ElTOr handling. 2 ...... 100 

Error messages~ 4-87 
EXAMINE, 4-26 
Exceptions, 3-15 
Exceptions and interrupts. 3-12 
Extenlal halts, 4-5 
External IPRs, B-5 

F 
Fault, 3-16 
FIND. 4-28 
Firmware features, 4-1 
First·level cache~ 3-34 
First·level cache address translation, 

3-36 
Firat·level cache behavior on writes, 

3-38 
l'll"st ... level cache data block 

allocation. 3-37 
Fil"st-level cache error detection~ 

3-43 
First-level cache organization, 3-34 
Floating-point accelerator, 1-6 
Floating-point accelerator (CFPA), 

3-32 
Floating-point accelerator data 

types, 3-·32 
Floating-point accelerator 

instructions, 3-32 
Floating-point ertOl"S, 3-19 
Frame poi nter (FP), 3-2 

G 

General local address space map, 
B-1 

General purpose registers (GPRs)" 
3-2 

Global Q22 ... bus address space map. 
B-G 

H 
H3600-SA CPU cover panel" ~ 



l:ialt, C-34 
lfIALT,.4-29 
Halt code meliiaages. 4-88 
lIalt dispatch, 4-4 
:Halt entry, 4-2 
lHalt entry, exit and dispatch. 4-2 
irIalt eJrit, 4-3 
If-ialt protected space, 4-80 
l:iardw&re detected enOla, 3-26 
l~ardware halt procedure. 3-27 
I-Iardware reset, 3-82 
lIELP, 4-30 

I 

UO bus initialization. 3-82 
Information saved on a macmne 

check. 3-18 
Initialization, C--a4 
INITIALIZE. 4-32 
Initial power·up test, 4-6 
Instruction set, 3-9 
Instruction-stream read references, 

3-31 
Internal processor registers (IPRs), 

3-4 
Interprotes8or communication 

register (IPCR>, 3-90 
IntetTupt errors, 3-20 
Interrupt priority level regi8ter, 

3-14 
Interrupt protocol, 0-28 
IntelTupts, 3-12, C-27 
Interval clock control/ltatus register 

(lCeS), 3-72 
Interval timer, 3-12 
Intrabackplane bUB wiring, 0-40 

K 

KA630CNF configuration· board, 
2-9 

1\A655 connec.~rs, 2-4 
KA655 initialization, 3-81 

Index-3 

L 
LED codes. 4-10 
Load definition, C-37 
Locating a conlOle device t 4-6 
Locating the RPB, 4-76 

Machine .tate on power-up. 4-77 
Main memory addrt'8sing. 3-55 
Main memory behavior on writes, 

3-56 
Main memory control and diagnostic 

status register (MEMCSR17), 
3-60 

Main memory error d~tection and 
correction, 3-62 

Main memory error Hutus register 
(MEMCSRIG), 3--56 

Main memory layout and state, 
4-77 

Main memory organization. 3-55 
Main memory syatenl, ·3-52 
Memory controller, 1-6 
Memory expanlion connector (J3) 

2-7 • 
Memory management, 3-10 
•• .L~iemory management control 

registers (MMCRs). 3-11 
MenIol")' management enable 

(MAPEN) register. 3-11 
Memory management errors, 3-19 
Memory refresh, C-34 
Memory system error regiater 

(MSER). 3-41 
Microcode enora, 3-20 
MicroVAX system support functions, 

1-7 
Mode &witch aet to Nonnal. 4-9 
Mode 8witch set to Query. 4-8-
Mode switch set to Teat, 4-7 
Module contact finger identification 

~5 • 
MOVE, 4-33 



Index-4 

MS650·BA 1&1emory modules. 1-8 

N 
Network bootatrap prOcedure, 4-68 
Network listening. 4-69 
NEXT. 4-35 
Nonoperating tonditions greater 

than 60 Days. A-2 
Nonoperating tonditions less than 

60 days, A-2 

o 
120-0hm Q22·bul. C-37 
Operating conditions, A-2 
Operating system rl'8tilrt., 4-75 

p 

PFN bitmap, 4-78 
Physical specifications, A-I 
Power status. C-35 
Power supply loading, 0-44 
Power-up, 4-5 
Power-up and power-down protocol, 

{',-35 
Power·up initialization. 3-82 
Preparing for the bootstrap, 4-62 
Primary bootstrap, VMB. 4-63 
Processor initialization. 3-82 
Processor state, 3-1 
Proces801e status lon!~ord (PSL). 

3-8 
Program countE'r (PC'), 3-2 
Programmable timers, 3-72 
PROM bootatrap procedure. 4-61 
Public data structures, 4-85 
Publ ic data 8tructures and entry 

points. 4-80 

Q 

Q22·bu~ electrical characteristics, 
C-36 

Q22.bus error address register 
<QBEAR}. 3-98 

Q22-bus four-level intelTupt 
configurations, C-32 

Q22-bus interface, 1-8, 3-83 
Q22-bus intelTUpt handling, 3-92 
Q22.bus map baae address register 

(QBMBR), 3-98 
Q22-bus map cache. 3-88 
Q22.bus map registers <QMRs). 

3-85 
Q22-bua signal assignments. C-3 
Q22-bus to main memory address 

translation. 3-84 

R 

Read errors, 3-21 
References to processor registers and 

memory, 4-18 
REPEAT. 4-37 
Reserved main memory, 4-77 
Resident finnwAre. 1-7 
Resident firmware operation, 3-80 
Re8toring processor state. 4-3 
ROM address space. 3-80 
ROM memory. 3-79 
ROM socket. 3-79 

s 
Saving processor 8tate. 4-2 
Scatter/gather map. 4-78 
SEARCH. 4-38 
Second-level cache, 3-43 

. Second-level cache address 
translation. 3-46 
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