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1.0 Intro4uction 

1.1 Scope of Document 

"This .pecitication 40cuments the functional and environmental 
characterl.tics of the KDJll-1 CPU aodule. 

1.2 Applicable Documents • 

The follow1nq reference .aterial contains 4etaile4 information 
reqar4inq the PDP-ll falli1y. KDJll-1 .00",le, and require4 
enVironment. 

J-ll Proqrammer'l Reference 
J-l1 Chip SYltem Specification 
J-l1 Control Chip Specif"ication 
J-ll Data Chip Specification 
PDP-ll/04/24/34&/44/70 Handbook 

XDJll-BA loot and D1aqnostic ROM Functional Speeif1catior. 
KDJll-8 De3S0/394 Gate-Array Specification 
KDJll-1 DelSl Gate-Array Specification 
1(1'J11-8 On'i])us' Adapter Functional Specification 
MSVll-J ECC Hemory'Eniineerinq SpecifiCAtion 

DEC sr.D 102 Environmental Specification 
DEC ST.D 158 Uni~ul Specitication 
DEC StD 160 O-Iul Specification. 

, ~ 
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, REASON • 

Preliminary Spec: Sent out for review. 

UpdAted Ipecification to reflect the 
folloVinq chanqel' (1) C&c~e Response to 
Parity Errorl reviled and more clearly 
defined; (2) Architecture for Boot and 
Diaqnostic Facility revised; and (3) 
Siqnetics DOART replaced ~th a s1nqle 
DtART, revisinq Console SLU functionality 
and eliainatinq second ser1&l line. Refer 
to lectionl " , and 11. 

Updated specification to improve the 
c1elcriptions for -Red Stack .\l)orts" and. 
to reflect the follovinq chAnqes to the 
Boot and Diaqnost1c CSR: (1) Stand-Alone 
Moc1e is now a read-write ~it. allow1nq 
c11aqnolt1c reentry, (2) The Battery Backup 
Okay ~1t bas ~een redefined as Battery 
Backup R.~oot E.~ul.: (3) On-~oarc1 SOH: 
and 800Hz have been .dded aa lelectaDle 
lource. for the line clock and (4) the 
HRT BSY ~it hal ~.en eliminated. Refer te 
.ections 4.4.5, 4.6.3. 9.1.1 &rid lO.l. 

Updated specification to correct err~r! 
in the Cache Control Reqister description 
in Sec~ion 6.2. 

Updated lect10n 9.3.3 and. 9.3.4 to reflec~ 
chanqes in available ROM's and EPROM's. 
In .ection 11.2.1. RX Done is not cleared 
by Bus INIT. Sections 7.0 and. 8.0 have Dee~ 
completed. CIS option has been delete~.=ed.~!~ 
pinout haa. ~een completed. and spec has ~e~~ 
reviewed for release. 



2.0 General Delcr1pt1on 

The KDJll-! 11 a qua4 he1qht Q22-!us POP-ll which consis~ 
of a 11nqle KOJll-B CPU Module. The KCJll-! can allo lerve 
al a On~ul POP-l1 vhen uled in conjunction with the KTJll-= 
Unibul A4ap~.r Moduli. - -

-The KDJll-! Module contains a Central Procellor, Memory 
Hanaiement. Float1nq POint Inltruction Set, Commercial 
Instruction Set (optional), an ax l>yte cache. a line 
frequency clock. a loot and D1agnolt1c.Fac111ty and a 
conlole lerial line unit. .. 

The KDJl1-B Module interfaces to the Itandard 022-lus. but. 
allo features the additional control liqnall necessary for 
communication via the PHI (Private Memory Interconnect) 
Protocol. This protocol allows hiqh .pee~ data transfers. 
1nclut1inq double word read •• The MSVll-J ECC Memory Module 
and the XTJll-! Unibus Adapter Module are comp&t1~le with 
the KOJll-! and can also communicate via the PHI ptotoCQ1. 

The KDJll-! instruction set eonsists of the 11/70 ))ase instr'..:eo;~:~ 
.. let includin~ the eztended instruction let (EIS). plus the M.~:. 

HFPS. HFPT. CSM. TSTSEr and HRTtCK instructions. as well as the 
floatin~ point cFPll) instruction let compatible With t~e 

. FPll-A/C/E/F floatinq point processors. 

The KOJll-! Memory manaqement il compatible with the 11/44 ar.~ 
features a 22-))1: phYlical ad4resl, instruct1on/4at& (!/OI a~~r~~! 
Ipaces,and kernel/supervisor/user (X/S/O> ac1c1relsinq mo~e!. 

The processor (base instruction let an4 FPll inltru:t1cn let) 
and. memory m.t.na~e!D'!nt functions are implemented on two CUlt:m 
CMOS chips. the Data chip anc1 the Control chic. Th.ese are mc\.:r.:~·; 
on a 60cto 68) pin hy))ri4 packaqe (tvc die per side) meas~ri~q 
approximately 1.3" x 3.0 M

• The 022 bus interface on the mod~:~ 
contorms to DEC standard 160. 



The KDJll-B is intended to run RT-ll, RSX-llM. RSX-llM RSTS/£. 
_D8H-11 ,UNIX, and. other PDP-ll compat1l:>le operat1nq .ys,,'''!,s. 

The KPJll-B ~ontains heoks for & Float1nq Pe1nt Acceleratet -~~ 
Chip. However. the FPA Option Will not ~e avai1~le when the .~. 
JCDJ11-1 Mod.ules are shipped and. the presence ef these hoeks shall 
laply no co_it.ent that the initial Ja)Jll-1 Hod.ul.1 Vill actua.lly 
aupport the FPA. ' ' 

The KDJll-1 ioot and. Diaqnoatic Facility features tve lockets for 
ROH aellory conta1n1nq the'boot and. d.i.if\olt1c proCJTUlI. It also 
contains a third. socket for EEPROH Memory conea1n1nq the KOJll-B 
Conf1c;uratien Oata plus space for customer loa~le boot cod.e. 
The Boot and. 01aqnostic ROM Proqraml included. with,the KOJll-BA 
Processor Mod.ule are d.escr1l:>ed. ~riefly in .ection 9 of this 
d.ocument and. more fully 1ft the XDJll-BA Boot and. Diaqnoltie ROM 
Functional Specification. 
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l.O Enviror~en~&l an~ Electrical Specifications 

3.1 Storaie Con~1t1onl 

THE KOJll-! MOOULE HAS AB AM!IEN'l' STORAGE 'l'EMPERA1't1RE RANGl:.. ... ~ 
-40'C (-40'F) TO +6S'C (149'F). STORAGE RELATIVE HUMIDITY IS 
10" 1'0 90". ION-CONDENSING. ALTITUDES TO t.l JCH (50.000 FI'). 

3.2 OPERATING CONpITIONS 

1'HE OP~ING TEHPERA1'URE FOR A Kn111-1 "ODotE HOUN'l'ED IN A 
~ox ~th1n a c&b1net is 5'C (41'F) to 60~C (140'F) &abient 
at the aoc1ule. The aaziaua outlet temperature rise allowed. is 
S'C (9'F) &bove 60'C (140'F). Derate aaz1mum tempera~ure ~y 
l'C for each 1000 aeters (l'F tor each. 1000 ft) of alt1tud.e. 
Operat1ni relative hum1d.1ty is 10' to 90'. non-conc1ens1nq. 

3.3 Pover Consumption (Est1 .. ~ed) 

The KCJll-! CPO module power require.entl arel 

+5V +1- 5' I 5.5 Amp. 1D&Z , • 4.8 AmPI typ 

+12V ./- 5' I 0.1 Amps ~ 
I 0.05 Amps typ 

3.4 Module Pinouts 

The KOJ11-9 CPO aoc1ule pluqs into slo~ 1 of either a 022/CD 
backplane or ·of a ~ackplane specifically d.e.1qned. for ~he 
PHI In~erconneet. The KOJll-B is no~ comp.~~le With 02:/0:1 
or 0/0 ~&ckpl&nes. The Ai rev mod.ule pinouts are compa:i~le 
v1th the 022-~uI Ipecif1cation (DEC It&nd.&rd. 160). the s~u~ t 
11qnal appears on p1nl 171. The CD row aoc1ule pinouts are 
compat1!:)le vith the Priva~e Memory Interconnect (PHI) d.e!1n~·::' 
for the 1nterconnec~ion of th1s .od.ule With the KSVll-J Eee 
Hemory Hod.ule and. the KTJll-B Un~u. A4apter Mod.ule. 

Appenc11z 6 suu&r1zel the ao4ule pinoutl for the JCDJll-B 
mod.ule. . 

3.5 Mean Time Before Failure -- Hr.!F (Estiaate) 

J(D..Tll-B mod.ule 

. etAS! I 
(GROmm IENIGH) 

25000 hrs 

CLUS C 
(CROtJNt) FIXED) 

15000 hrs 
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4.0 Procelsor Delcription 

4.1 Proce •• or Chip Description 

The J-~l i. a HOS/LSI chip let that implements a h1qh performane~ 
PDP-11 proceslor with aemory aanaqement,FP-ll floatinq point 
in.truction •• The chip .et is composed of tvo different types of 
chip •• ~e data chjp contains the 4at& path and relocation loqie. 
%he control chjp. of vhich there are several different m1croproqramce 
verlions. contains the a1croproqram lequencinq loqic and control sto: 

4.1.1 Data Ch1p 
'l'heData Chip is c01llpos~4 of three major pi~ces: an Execution Unit 
(EO), a Memory Kanaqement Unit (HMO) and a Prefetch Mechanism. Th~ 
Execution Unit contalns the POP-ll qeneral purpose reqliters. e1qht 
scratch pad reqlsters. the ALO. a Ihlfter/l~pper and shift reqister 
and necessary word/~yte multiplexers. The Memory Manaqement Unlt 
contAlns the relocatlon reqisters. the relocatlon loqie. the error 
ltatus reqisters and the FP-ll float1nq point accumulators. The 
Prefetch Mechanlsm contains a copy of the PC, a relocated. version 
of the PC, a prefetch ~uffer. and varlous Itatus f1aqs. The Data 
Chip performs ail arlthmetlc and loq1c functlons. handles all data 
and address transfers. lncludlnq relocatlon, and operates most of 
the Ilgnals use<1 for intereh1p couun1cation and Iystem t1minq. 

4.1.2 Control Chip 

The Control Chlp conta1ns the m1croproqram sequence loqlc as well 
as 1280 words of local mlcroproqrAm storaqe conslst1nq of ~oth 
Proqramme4 toqlc Arrays (PLA) and Read-Only Hemory (ROM). 
Architecturally, there are leveral major functlon ~locks 1n t~e 
chip: the microstore array. the next addrels lQ9ic. the counter 
loqic. the prefetch loqic. the interrupt lervice loqic, the ~or: 
le~ice loqic, the AlO code qenerator. the coprocessor support 
loq1c (for the floatinq point accelerator), and the state seque~e~r. 
Ourinq the course of a mlcrocycle. the chip accesses the appropr1a:~ 
mlcroinstruction fro. the microstore, sends it alonq to the ex~erna: 
Micro-Instruction Bus (MIl-H) to the Oata Chip for exeeution, an~ 
simultaneously ,enerates the address for the next aicroinstruet1oh 
to ~e accesse4. Note that the control chip is responsible for 
aecess1nq only itl loeal storaq •• 

.. 
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Three different .1cropro~rammed versions of the Control Chi~ are 
required to completely implement the J-ll macroinstruction Itt. 
The Base Control ClUp .mulate. the ~as1c PDP-ll 1nst:ruct1on IC;'''. 

the eztended 1nstruct:ion .et: (EIS), the FP-11 float1nq point 
instruction let and the conlol. a1crocode (aicro-OOT). It also: 
provides the .a1crocode hooks for t~e float1nq point accelerator 
(FPA) • 

4.1.3 The J-ll Hybrid Packaqel 

The chips are packaqed in 84-p1n leadle.1 carrier •• The carriers 
are aeunte4 on hybrid .ub,tratel in two cenf1qurat1ons. The 
DCJll-AA consilts of a hybrid .ubltrate With a Data Chip and a Base 
Control Chip mounted on the top. The DCJll-BA consist. of a hy~r!~ 
subst:rat:e with a Oata Chip and a Base Control Chip mountea on the 
top. 

4.2 Instruction Set 

The KDJll-1 instruction .et consists of the followinq: 

- 11/70 Base Instruct:ion Set includinq the Eztended 
Instruction set eElS), plus the M'I'PS" MFPS" KF'PI'. CSM" 
TSTSET and WRTLCK instructions. AppendiX 1 contains a 
complete list of ~he J-1~ Base Inst:ruction Set. 

- Float1n~ Point (FP11) In.truction Set compat1ble With th~ 
FPll-A/C/E/F floatinq point processors. Appendix 2 cor.ta!~! 
a complete list of the Jl1 floatinq poin: instructions. 

4.2.1 PDP-ll Ditterences 

Appendix 12 descr1bes the differences beeween the KCJll-B anQ all 
ether PDP-ll processors. 

4.2.2 HFPT Instruction 

For all processors based on the Jll Chip Set" the Hove From 
Processor Type (HFTP. Instruction loads a -5" into RO • 

II 

I 
I 
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4.3 Instruction Timin~ cEstimatel) 

A aemory fetch vhich relult~ 1n & cache hit require. 200 nlee. 
a.aory f.tc~ which re.ult. in a cache aisl, and which accelles 
a.mory ~1a PHI protocol requires 900 n.ec to fetch two vcr~ •• 
A .eaory write wh~ch acce.se. aeaory via PHI protocol requires 
400 nsec. 

4.3.1 Interrupt Latency cEatiaates) 

. Interrupt latency il def1ned al the t1ae ~etve.n reeeiv1nq an 
interrupt requelt (BIRO tJ an~ aeknovled~inq (BIAK t) the . 
request as.uminq MO DHA activity. The table ~elov summarizes the 
latency calculations: 

CONDITION IBSnOC'l'ION LATENCY 

worst case l,)ase instructions ASHe <lOu! fit 

1ncluc11nq EIS 
worst case 1)ase instructiens Traps ~lOuS fit 

ezcluc11nq EI! 
worst case FPll instruction set ABSD/NECiO <20uS fit 

... 20 MHZ CPU 
4.3.2 Interrupt Service 1'1me (Estimate) . 
Interrupt service time is defined as the time l,)etveen 
acknowledqin~ the interrupt and fetch1nq the first instructior. 
of the service routine. The XDJll-S service time is T!D' 
« lOu!) • . 

4.3.3 DHA Latency 

DHA latency is defined as the time ~etveen reee1v1nq a ~A 
Request (BOHR. t) and qrantinq the request· (BDHO L). The verst 
cas. DMA latency 18 TaD • 
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4.4 frecesser Architectural. Features 

4.4.1 General Reqis~er • 

. 'I'hele 1ncluc1e I 
. 

- Two-sets of liz workinq rev1sters (RO-RS) 

- Kernel/luperv1sor/user Itack pointers (RS) 

- Preqram counter (R7). 

4.4.2 frecesser Sta~us Word - PS (17 777 776) . 

'I'he Processor Status Hord (PS) contains 1nfens&tien en the 
Itatul of the proceslor. 

15 14 13 12 11 10 9 8 7 6 S 4 3 2 1 o 
-------------------------~------------------------------------CM PH lRS! 1 SI ! Prierity ! T 1 N ! Z ~ V ! C ! 

t ! 0 o l ! Leve 1 1 !! !. 

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

1 

1 ! 
! CIS ! 

Suspended. . ! 
Ins~ructien -

-- Req1ster 
Set 

+-- Previeul Hemery 
Hana.qemen1: Hed.e 

+--------- Current Memory 
Man&9'emen1: Heee 

Trace 
Trap ---+ I' . 
NeCJat1ve ___ e. 
Zere --------. 
Overflew ------------+ 
Carry ----------------. 

I 

I 
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BIT NAME 

15&14 Current Hode 
(RW. protected) 

13112 Previous Hode 
(RN. protected) 

11 Reqister Set 
(RN. protected) 

e Suspended Instruction 
(R/W) 

7:5 Priority 
(RW. protected) 

4 Trace Trap 
(lUi. protected) 

310 Condition Codes 
(RW) 

FUNCTION 

Current processor mode: 
00·. kernel 
01 • supervisor 
10 • i11e~al (traps) 
11 • user. 

Previous processor mode. lame 
encodinq as current mode. 

General reqilter set select: 
o • re~ilter let 0 
1 • reqister let 1. 

Set to indicate that a CIS 
instruction ~s suspended to 
service an interrupt. 

Processor interruot ~rioritv 
~evel. - - -

Set to'foree a trace trap. 

Processor condition eodel. 

For the protection of the PSunder various conditions. see 
the taDles in lection 3.2 of the J-ll Proqrammers Reference 
Specification. The PS is initialized at. power up (depencs on 
power up options) and is cleared at console start., !he R£SE'!' 
instruction does not affect the PS. 
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4.4.3 Pro~ram Interrupt Request Req1ster (A4~ress: 17 777 772) 

The Proqram Interrupt Request Req1ster (PIRQ) implements a 
loftware interrupt facility. . 

A request is queued ~1 lett1nq one of the ~itl <lS:9> Vhich 
corresponds to a prQ9raJll interrupt requelt at levels 7 thru 1. 
Bits <7,5) and <3:1) are let ~y hardware to the encoded value 
ef the hiqhelt pendinq request set. 

When the proqram interrupt request is 9Tantec1, the processor 
traps throuqh location 240. It is the interrupt service 
routine's responsi~il1t1 to clear the appropriate bit in PIRQ 
before esitinq. 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o 
-------------~------------------------------~-----------------1 

I 0 ! 
I I 
I 0 ! ! 0 ! 

--------------------------------------------------------------. t . 
1 

PIR 7 

PIR 6 -+ 

PIR 5 -----+ 
fIR 4 ---------. 

PIR 3 -------------. 

~I~ ~ -----------------. • e\ _ 

fIR 1 ---------------------+ 

1 

Priority encoded value of ~1ts <15:9> --+ 
iriority encoded value of bits <15:9) ------------------~ 

PIRQ ~its <15:9> are read/vrite, 1)itl <7:5,3:1> are read-only ane! 
the remain1nq bits always read as zeroes. PIRO is cleared at 
power up. by .. console start an4 1)1 the RESET instruction •. 

-----___ • ___ .• c .• 
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4.4.4 CPU Error Reqister (Address: 17 777 766) 

This revister identifies the source of any abort or trap that 
caused a trap throuqh location 4. ! 

15 14 13 12 11 10 t 8 7 6 5 4 3 2 1 0 
----------------~~----~~----~-----~-------------~-------------• 
10000 

I 
I 

I 
! 0 o ! 

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

Illeial HALT --------------------+ 
Address Error -----------------------+ , . . 
Non-e%istent Memory ----------------~~---+ 

~/O Bus Timecut -----------------------------+ 
Yellow Stack Violation --------------------------. -Red Stack Violation ---------------------------------. 

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



BIT HAME 

7 Ill~al HALT 

6 Ac!4r •• ·• Error 
(RO) 

rtnlCTION 

let Ub.n exeCYt10n of a HAtT 1n.truct1on 
1. attempted in u.er or .uperv1.or mode. 

Set Vben wor4 acce.. to an odd ~yte 
ad4re •• or an instruction fetch from an 
internal req1.t.r 11 attempted. 

Bon-ex1st.nt He.ory Set when a reterence to sa1n memory , 

4 

3 

2 

CRO) t1 ••• out. 

IIO Bus Timeout 
(RO) 

Yellow'Stack 
V101at1.on (RO) 

Red Stack Violation 
tRO) 
• 

Set vhen a reter.nce to the 1/0 paqe 
t1lles out. 

let on a ,.el1ow zone .tack.overflev 
trap. 

-Set on' a red zone stack overflo~ trap. 

T.be CPU Error Req1ster is cleared.when it is written.' It is 
allo cleared at power up or ~1 conlole .tart. It·1s unaffec:e~ . 
~! & lESE! instruction. 

--------------~ 
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4.4.5 Staek timit Pr~teet1on 

The lCDJll-! eheeks kernel stack references aqainst a fi:a.l1m1t 
of 400(8). It the virtual address of the stack reference 
less than 400(8). a yello,", Itack trap occurs at the end 
of the current instruction. 

A Itack trap ean only occur in kernel Ilode and only on a stack 
reference. which is defined al a aode 4 or 5 reterence throuqn 
R6, or .. JSR, trap, or interrupt stack push. 

In addition. the Jl1 checks for kernel stack abort. 4ur1nq 
interrupt, trap. and abort .equance •• It. durinq one of these 
.equences, & kernel stack push caules an abort. the 311 initiates 
.. red zone staek trap l:)y .ettinq CPU Error Reqister l:)it <2>. 
loadinq virtual address 4 into the kernel stack pointer (R6) an~ 
trappinq thru location 4 in kernel data space. The old PC and PS 
are laved in kernel data space loeat~ons 0 and 2 respeetively_ 

HOTE: The 3-11 treatment of yellow stack trap is identical to 
the 11/44. The 11/70 ineludes a Itaek limit reqister. 
and a aore inelusive definition of stack referenee. The 
Jl1's definition of a red staek trap is unique. 

4.4.6 'Kernel Protection 

In order to protect the kernel operatinq system aqainst 
interference. the KDJll-B incorporates a number of protection 
mechanisms: 

-.In kernel mode, HALT. RESEr. and sPt exec~te as spee1fie~ 
In supervisor or user mode. HALT causes a trap throuqh 
location 4, ,",hile RE~E: and SPt are treated as NOPs. 

- In kernel mode, RTI and ~ ean alter PS <15:11> and 
PS <7:5> freely. In supervisor or user mode. RTI &n~ 
R~ can only let PS <15:11> and cannot alter PS <':51. 

- In kernel mode. HTPS ean alter PS <7:S). In supervisor 
or user mcde. HrPS eannot alter PS <7:5>. 

- All trap and interrupt vector references are classified as 
kernel data .pace reference •• irrespective of the memory 
aanaqeaent mcde at the tiae of the trap or interrupt. 

- Kernel stack referencel are checked. for stack overflo,",_ 
Supervisor and user stack references are not checked. • 
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4.S Trap and Interrupt Service Priorities 

In ~oth traps and interrupts, the currently execut1nq pro9r~ ts 
interrupted an~ a ne~ proqram, the Itart1nq addresl of which • 
Ipecified ~1 the trap or interrupt vector. 11 .x.~ted. The 
hardware process for traps &n~ interrupts throuqh a vector V is 
i~ent1cal: 

PS _e) temp 1 
PC _e) temp 2 
o --> PS <15:14> 

MeVJ --) PC 
HeV+2J _e) PS 
templ<lSf14) _e) PS<13:12) 
SP-2 --> SP 
temcl --) MCSPJ 
SP-2 --> SP 
temp2 _e) MCSPJ 

!Iave PS, PC in temporaries 

Ifotce kernel _ode 

!fetch PC from vector, 4ata space 
Ifetch PS from vector. ~at~ spac~ 
tlet previous _04e 
'selected ~1 nev PS 
Ipush o~d PS on staCk. data Ipace 

tpush 014 PC on Itack, 4atalpace 
Iqo execute next instruction 

Note: If an &bort occurs 4urinq either the vector fe~ch or the 
Itack pu~h. the PS and PC are restored to their oriq1nal 
It~te (i.e. to the state prior to trap lequence execut1en). 
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The priority or~er for traps an~ interrupts is a. follc. 

red. .tack trap 
.~~res. error 
memory manaqement violation 
timeout/non-existent aemory 
parity error 
trace (T-~1t) trap 
yellow stack trap 
power fail . 
f1oat1nq point trap 
PIRQ 7 
interrupt level 7 
PUQ 6 
interrupt level 6 
pug 5 
interrupt level 5 
PUQ 4 
interrupt level 4 
PIRQ 3 
PIRQ 2 
PIRQ 1 
halt line 

Note: The halt line is q1ven h1qhest priority when the processcr 
hanqs up within most 1~ent1f1e~ .unset loops. Refer to 
Seet10n 4.5.1. 
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4.5.1 Sunlet toops 

Anr coab1nat1on of the follow1n~ lunlet loop. can all be ez1te~ 
br al •• rt1n~ the ba1t 11ne: 

Interrupts: • 

Parltr error - Will loop lf parltr vector has ba~ parity 
Trace trap - v111 loop 1f trace vector has T-b1t let 
All PIRQs - Will loop 1f PliO vector prior1ty leva1 

does not block that level 

Dortl: 

Any aJ)ort that occurs durinCJ a vector lequence (·read1nC7 a 
vector or push1nq to the stack). These are NXM, I/O t1meeu:. 
HHU ~orts. pari t1 &J)ortl. and odd addre.. &borts. 

(-\ Sunset loops that can not be 'ex1 ted. will occur 1f any of the 
folloV1nq 1npu~s are con~1nuous1y asserted (i.e. does not clear 
vnen acknovledied)I KPWRF-t. HFPE-t. HIRQ<3z0)-H. HEVENT-t. 

4.6 Hard~re Detected Errors 

The KDJll-B detects certa1n error cond1tions durinq prOqram 
execut1on. These condltions, and the resultant act1ons. are 
descr1~ed belove 

4.6.1 lUI T1aeout Errorl 

A bus timeout error can occur dur1nCJ KDJll-B bus cycles. I! 
BRPtYL il not assertecvith1n 10 microleconds follow1nq the 
.slertlon of lOIN t or IDOUT t. the processor recoqn1zes the 
error cond1tion and immediately traps throuCJh virtual. address 4 
1ft kernel data Ipace. Furthermore. if the address which causec1 
the t1aeout referencee the IIO paCJe, CPU error r~1ster b1t(4) 
is .et to 11qna1 an IIO ~u. t1meout, otherv1le bit <5> is let 
to liqna1 a non-ex1ltant aeaory error. In Unl~ul Systems, 
the KDJll-8 does not tiaeout after 10 usee. but re1iel on th. 
KtJl1-B to al.ert the PHI T1me Out S1fft&1. 



() 4.6.2 Add.tessing- Errors 

An ad.d.ress1nq error occurs when an oc1d. ad.d.ress 18 used. with .. 
word. reference (od.d. ad.d.ressinq error). or an 1n.tr~et1on Itream 
fetch attempt. to access an internal proce.lor reqi.ter. The 
following- are the .internal procellor req1lterll PAR'I, PDR'I, 
CPU error, PS, PIRQ. HMRO-KHR3. hit'm1ll. and. cache control. 
Hhen recoqn1:ed.. 'the processor i_ed.1atell traps throuqh v1"ttual 
ad.4re •• 4 in kernel data .pact and. .et. ~1t <6> in the CPU error 
reqi.ter. 

4.6.3 Red. Stack Abortl 

A Red. Stack abort occurs if. d.ur1nq the lerv1c1nq of an &bort. 
interrupt or tRAP instruction, an abort occurs v.ni1e push1nq th~ 
PS and. PC onto the kernel Itack. A Red. Stack abort lets CPU Error 
Reqister bit <2>, load.s virtual ad.d.resl 4 into the kernel stack 
pointer (R6) and. then traps thru location 4 in kernel c1ata space. 
The old. PC and. PS are saved. in kernel c1ata space locat10nsO anc. 
2 respectively-

CPO Error Reqister bit <2>. then read.s the vector atvirtU41 
&d.~ress 4 in kernel d.ata space. then sets up an emerqency stack 
in the new mod.e at virtual ad.d.resl 4. an~ then executes a trap 
throuqh virtual- ad.d.ress 4. The result is that 014 PC and. PS 
g-et laved. in locations 0 and. 2. respectively. 

4.6.4 Interrupt Vector Timeouts 

An interrupt vector t1aeout occurs when IRPLY L is not aSlerte~ 
~th1n 10 microseeond.s &tter an interrupt 18 acknowlec1qec1 
(lIAR t). The'tiaecut 18 iqnorec1 and. the processor continues as 
if the interrupt request never occurred. In Un~~us Systems. 
the KDJll-B d.oel not timeout after 10 u •• e. ~ut relies en the 
~Jll-B to assert the PHI Time Out S1qnal. 

-



-. 

o· 

4.6.5 No Sack T1meouts 

A no Sack timeout occurs when !SACK t is not asserted ~th1n 
10 a1croleconds(O-Bus syste.s only> after a DMA is qrante~ (BOM~ f' 

the t1meout is 1qnored. The processor continues as if the D~A reo~e;_ 
never occurred. • 

4.7 Power Up Protocol 

The power up protocol is fully co.pat1~le with DEC STD 160 and. 
wnen operat1nq with the KTJll-B, with DEC,ste 158. 

4.8 Power Down Protocol 

The Power Down protocol is fully eompat1~le With DEC STD 160 and, 
When operatinq with the KTJll-!, with DEC STD 158. 
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-------------- ---------- ----------

5.0 Memory Hanaqement 

The KDJll-B implements-11/44 co.pat1~le memory manaiement. 
This features: 

- 22 ~1t physical a4~ress translation. 

- Instruction an~ ~ata (lID) a~4rels Ipaces. 

- Xernel, superv1sor, an~ user (X/5/0) proeelsor _04es. 

The visible memorymanaqement state consists of 48 Paqe A~~re!s 
~eq1sters (PARs), 48 Paqe Descriptor Req1sters (PORI), &n~ tour 
Memory Hanaqem!ntReq1sters (MMRO-3). 

5.1 P~ie Ad~ress Req1sters - PARs 

The Paqe ~~ress Req1sters (PARs) contain the 16-b1t Paqe 
A4~ress Fiel~ (PAT). The PAT specifies the bAse a4aress 
of the paqe. 

15 o 
+~--------~-------------------------------------~--------------. 

+-------------------------------------'-------------------------_. 
All b1es are reaa/~rite. These reqisters Are not a!teetee 
bv console start or a RESEr instruction. Their state At 
powe r up :1 s U~mEF!NED. 
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S.2 Paie Descriptor Reqisters - PDRs. 

The PaqeDescriptor Re~ilters (PORI) contain information 
relative to paqe expansion. pa~. length, an~ aceel. control. 

15 14 13 12 11 10 9 I 7 6 5 4 3 2 1 

I I 1 I I . . 
llC 1 PtF 0 1 N, 0 0 ED I ACF I . . 

0 

0 

+~~----------~~---~-~------~-----~-~---~-~-~---------~---------. 
l 1 
+-- Bypass·Cache , . 

1 
Paqe tenqth Field -------. 

! 
t 
1 

Paqe Nritten ------------------------+ 
Expanlion Direction -----------------------------+ 

I .' 

. ~ 

(0:, ~eees. Control Field. -------------------------------------

• 



• 

( '1 
,/ 

• 1) L. 

BIT NAME 

15 Bypass Cache 
(RH) 

1t,8 Pa~e Lenqth 
Field tRW) 

6 Paqe Written 
(RO) 

FUNCTION 

This bit implements a conditional 
cache bypall mechanism. If let. 
references to the lelected virtual 
P&ie v1ll bypall the cache. As Iho~ 
in Section 6.3. a cache bypa.s caules 
the cache location to be 1nvalidate4 
vbenever a read or WTite hit occurl • 

This field Ipec1f.1e. the J)lock numJ:)er 
Which defines the boundary of the 
current paqe: The block number of the 
virtual address is compared aqa1nst 
the Paqe Lenqth Field to detect 
lenqth errors. An error occurs when 
expandinq upwards if the block n~er 
is ireater than the Paqe Lenqth 
Field. and when ezpand1nq downwards 
if the block number is less than the 
Paqe Lenqth Field. 

This bit indicates vhether or not 
this paqe has been modified (i.e. 
WTitten into) Since either the PAR 
or POR vas loaded (1 is affirmative). 
It is useful in applications which 
involve d1sk lwappinq and memory 
overlays. It is used to determine 
Which paqes have been modifie~ an~ 
hence must ~e lave4 in their new !or~ 
and vh1ch paqes have not been 
m041f1ed and can simply be overla!~. 

Tonil bit is reset to 0 whenever 
either the fOR or the associate~ P.~~ , 
is written into • 
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BIT NAME 

3 Expansion 
Direction eRN) 

211 Access Control 
F1e14 (RH) 

------~-

FUNCTION 

This ~1t specif1el in wh1ch direct1Qn 
the pa,e ezpan4s. If £0-0 thepa,e 
expandl upwar4s froa ~lock number 0 
to inclu4e ~lockl With b1qher 
addrell.l. if £0-1. the paqe expands 
downwardl froa ~lock n~er 127 to 
inclUde ~lockl With lower addresles. 
Upward expanlion il uluall, uled for 
proqram Ipace while downward 
espanlfon is used. for Itaek Ipace. 

Th1s field containl the access 
r1qhts to this particular pa~e. The 
accels codes or -ke,s- .,ec1fy the 
sanner 1n wb1ch a paqe '" ~e 
accesled and whether or not a qiven 
accell Ihould relult in an abort of 
the current operation. The access 
codes are: 

00 Bon-resident - abort all accesses 
01 Read only - abort on writes 
10 Hot use~ - abort all accesses 
11 Read./wr1te 

These req1sters are not affected ~y conlole Itart or 
instruction. Their state at power up il ONOEFINED. 
unus~4 ~1t. rea~ as sero and cannot ~e written. 

a ~:-c::--
r ___ _ 

All 
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5.3 Memery Hanaqement ieqister 0 (A4~ress 17 777 572) 

Memory manaqement ieqi.ter 0 (HMRO) centains error tlaqs, the 
paqe n~er whole reterence cau.e4 the abort, and various other 
status f1aql. 

! 

15 14 13 12 11 10 9 8 7 6 5 3 2 1 o 
~~------~---------------------------------------~------------~ 

I . I 
1 

1 
1 0 o o o o 

1 
o ! 

1 
1 

! 
! 

+--------------------------~----------------------------~-~-~--+ 

! +---- Abort: Read-Only 

+-------- Abort: Paqe Lenqth 

+------------ Abort: Non-Resident 
Processor Hode ------+ 
Paqe Space ------------. -
Paqe Number --------------------. 

En~le Relocation ---------------------------! 



BIT FUNCTION 

15 Abort - Non Resi~ent Bit 15 is set by attemptinq to ace ~! 
(AW) a paie with an Access Control F1el~ 

key equal to 0 or 2. It 11 also set 
by attempt1nq to use memory reloca­
tion With a .o~e (PS<15:14») of 2. 

14 Abort - Paqe Length 
(RN) 

13 Abort - Read Only 
(lUi) 

11t 14 1. set ~y attemptinq to access 
a locat1on 1na paqe with a block 
number (virtual address 1)its <12:6» 
that 11 outside the area authorized 
by the Paqe tenqth Field of the Paqe 
Descriptor Rei1ster for that paqe. 

S1t 13 11 set by attemptini to 
UTite 1n a -Read Only· paqe. "Read­
Only" ,aqes have access keys of 1. 

Note that 1)its <15:13> can 1)e set 1)y an explicit WTite: however 
such an action does not cause an abort. Whether set explicitly 
or by an abort. ~its <15:13> cause memory manaqement to free%e 
the contents of MHRO<6:1>. HMRl. and MMR2. The Itatus recisters 
remain frozen until HMRO <15:13> are cleared ~y an exp11ci write 
or any initialization sequence. 



6:5 Processor Hode 
(RO) 

Paqe Space 
(RO) 

3:1 Paqe Number 
(RO) 

o Enable Relocation 
(R5i) 

-

Sits <6:5) indicAte the proces:u~ WW~~ 
(kernel/supervisor/user/i11e~al) asso­
ciated vith the pa;e causinq the ~ort 
(kernel ~ 00, .upervisor • 01. user. 
11. 111~al 8 10). If the 111eqal mode 
1 •• pecified, an ~ort is qenerated and 
~1t <15> 1 •• et. 

lit' indicates the address .pace (I or 
D) associated Vith the paqe causinq the 
abort (0 8 I .pace. 1.8 D 'pace). 

Bit. <3&1> contain the paqe number of 
the paqe caus1nq the abort. 

Bit 0 enables relocation. When it is 
set to 1. all addresses are relocate~. 
Hhen ~tt 0 is set to 0, memory manaqe­
ment is inoperative and addresses are 
not relocated. 

HHRO is cleared at power up. ~y a console start. and ~y a RESET 
instruction. 

5.4 Hemory Hanaqement Re~ister 1 (!Cdress: 17 777 574) 

Hemory Hanac:ement.Reqister 1 (HMR1) records any auto 1ncre:nent 
or decrement of the gener~1 purpose reqisters. This reqister 
supplies necessary information needed to recover from a memory 
manaqement abort. 

lS 14 "13 12 11 10 9 B 7 6 5 4 3 2 1 o 
~--------~~-----------------------------------------------~~--Amount ChAnqed 

~ e2's complement) 
Reqister !Amount Chanc;ed ! Reqister ! 
Number 1 (2's complement) Number 

~-------------------------------------------------------------~ 
HHRl is read only. Its state at pover up is UNDEFINED • 

. S.S Memory Hanaqement Req1ster 2 (17 777 576) 

Memory Hanaqement Reqister 2 (KMR2) is loaded with the virtual 
address at the ~eqinn1nq of each instruction fetCh. HMR2 is 
read only. Its state at po~er up is UNDUINED. 
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5.6 Hemory Hanaiement Reqister 3 (A4~re.s: 17 772 516) 

Memory Manaqement Req1ster 3 (HHR3) enables or 41sables 
D .pace, 22-~1t mapp1nq, the CSK instruction, and the 
1/0 map (vhen applicable). 

15 14 13 12 11 10 9 1 7 , 5 4 3 2 1 -0 

1 
1 o 000 0 0 0 000 

I 
I 

1 
I 

I 
1 

l 
l 

I 
I 

+-------,..----~--- ... ----------------------,. .. ------.. --------------
I . 

Enable .Unibul Hap -----------------------~ 1 
t 

1 
I 
I 
1 

! 
! 
! 
I 
1 
! Enable 22-bit Happ1nq -----------------------+ 

Enable CSM Instruction --------------------------+ 
I 
1 t 

-I 
1 
I 

! 

Enable Kernel Data Space ---------~------------------+ 
Enable Superv110r Data Space ----------------------------+ 
Et2Gle Us.er J:)a.t& Space --------------------------------------. 

lIT HAME FUNCTION 

5 Enable Unibus Map T.his read-VT1te ~it enables the I/O Map 
vben an external UNIBUS Adapter is 
prov1de4. Otherv1le,·1t bas no effect. 

4 Enable 22-~it 
Mapp1nq 

3 Ena}) 1e eSM 
Instruction 

Thi1 read-~1t. bit, when set. lelects 
22-~1t aeaory a4dress1nq. Nnen t~. bit 
11 clear, 11-~1t addresl1nq is .electe~. 
(11 or 22-~1t a4dre •• 1n~ is ac~U&llv 
.na~led only vhen KHRO ~it ~ 1 •• e~j. 

T.h1s rea4-VTite bit enables re~oqnit1en 
of the Call Supervisor Mode instruction. 

2:0 &~&ble Data Space these three rea4-write ~1t. enable Oa~a 
Space mapp1nq for kernel, supervisor. 
and user aode, respectively. 

HHR3 is cleared at pover up, ~y a console Itart, and ~1 a ~£'E: 
instruction. 
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6.0 KDJll-B Cache Memory 

Cache aemory is & small, h1qh speed memory that maintains a copy 
of lelected portions of main memory for faster access of 
instructions and data. When the KDJll-Brequ1re. instructions or 
data from main memory, it checks the Cache aemory, located on the 
KCJll-B module, for availab11ty of that data. When the needed 
4ata is found in the cache, a "hit- is la14 to occur. A "miss" 
occurl vhen the data is not in the cache. 

6.1 Cache Orqan1zat1on 
. . 

The KDJll-B contain. an ex byte c11rect map cache with dual. TAG 
Store which allov. more concurrent operation of the CPU and O~A. 
The Cache Memory can be lubd1v1ded into three d1.t1nct sections: 
the Data Store, the CPU TAG Store and the OHA TAG Store. 

The KDJll-B Cache interprets the CPU (or DMA) physical address 
as .hown in f1~re 6-1. Physical address bits 12-01· directly 
select one of 4.096 cache memory locations. Each cache memory 
location contains a Data Store (f1qure 6-2), a CPU Taq Store 
(f1~re 6-3) and a OMA Taq Store (fiqure 6-4). The CPU and C~~. 
Taq Stores are updated at the same time, and contain identical 
information. Durinq CPO read and write operations, the CPU Taq 
Store is compared aqainst the CPU physical address bits 21-13 
to determine cache hit or miss. Dur1nq OM! write operations, 
the DHA Taq Store is compared aqa1nst the OHA physical address 
for a cache hit or miss. In both cases, if the Taq Valid Bit is 
set. and if Taq bits 21-13 are equal to physical address bits 21-:3 
and no parity error, a cache hit is indicated. 

The Hiqh Byte Parity bit reflects odd parity on data bits <15-08>, 
The Low Sy~e Parity bit reflects even parity on data bits '<07-00>. 
The CPO Taq Parity bit reflects odd parity on CPO Taq bits <21-13>, 
The OHA Taq Parity bit reflects odd parity on OMA Taq ~its <21-13>, 
The CPU and OMA Taq Valid bits are not included in the CEU and D~~ 
Taq parity calculations. 
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21 13 12 1 o 
+------------------------------------------------------+ 
1 
I 
I 

Cache Taq 1 
l 

I 
Cache Index ! 

! 

~~---------------------------------------------~------+ 

15 

! 

Byte Selection --------------. 
Physical ACdress Interpretation 

Fiqure 6-1 

8 7 o 
-------------------------------------------------------

l ! 1 
! P ! P ! 
1 ! ! 

Hiqh Byte Data 
t 
! 
1 

Lev Byte Data 

-------------------------------------------------------
, ! 

+---- Lo~ Byte Parity (Even) 

+-------- Hiqh Byte Parity (Odd) 

Cache Data Orqan1:ation 
Figure 6-2 

2l 13 
---------------------------------------

! 
! V ! P ~ 

! 
CPU TAG 

---------------------------------------
.----- CPU TAG Parity (Odd) 

+--------- CPU TAG Valic1 
Cache CPO Taq Orqan1zat1on 

Figure 6-3 

, 
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21 13 

~------~-----~-------------------------t I 
I VIP 1 
I ! I 

----------~----------------------------! 1 
I 1 
1 +----- DHA t1G Parity (04d) 

+--------- DHA TAG Valid 

-

Cache OMA Taq Orq&n1zat1Qn 
F1qure 6-4 

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



6.2 Cache Control Req11ter (Address: 17 777 746) 

The Cache Control Req11ter (CCR) controls the operation of the 
cache. It is orqan1ze~ as follows: 

15 14 13 12 11 10 9 8 7 , 5 4 3 2 1 0 
--~~--~-------------------------------------------------------I 

1 0 o o 
I 

001 
1 
I 

I 1 
101 

t 
I 

I 
I 

t 
I 

. ------------------~------------------------------------------! I 1 I 1 I 
"rite Wrong' ! I ! 1 1 I 
'raq Parity ---_._---+ . I I 1 1 1 

I 1 1 ! 
Unconditional 1 I 1 , . 
Cache Bypals . ------------+ .1 • 1 1 

1 I 1 I • 
Flush Cache ----------------+. I 1 I . 

1 I I • 
Ena~le Parity Error Abort -------+ I 

"rite Wrong' Data Parity ____ a_a_wee. 

On1nterpreted.· ----~---------------------+ 

! 
I 

! 

• • 

! , · 
Force Cache Mill ----------------------------------+ 
Diagnostic Hoele -----------------~----------------------. 
Disal)le Cache Parity Interr\1pt ------------------------------. 
Bits <15:11> alvays read. a. zero.. Bitl<5:4.1> are rea~/~ite 
~ut.are not interprete~ hy the !OJll-B. 

!Vc copies of the cache control reqister are kept on the 
KOJll-B. One copy i. kept in the chip let, the other on the 
~oarcl. The chip copy 1mple.ents ~its<lO:O) as reacl/~ite ~ut 
interpret. only ~1t. <9.3:2). This cop! is u.e4 al the source 
of data when the reqilter 18 read. The hoard copy 1mpl •• entl 
~1tl<10.8.7.'.0). Th1I 11 • vrite only copy •. It can not he 
expliCitly accel.ed. 
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Bitts) Name Function 

15-11 

10 

09 

08 

07 

06 

Unused. These ~1tl always read as 100 M • 

Write Wronq Taq Parity. Hhen thi1 read/write bit is 
let. the CPU and DHA Taq Parity bits are both written 
al wronq parity dur1nq all operations which update 
these bits. A cache taq parity error Will thus occur 
on the'next accesl to that location. 

Unconditional Cache Bypass. Hhenth1s reac1/wr1te ~it is 
let. all references to memory by ~he CPO w11~ bypass the 
cache and qod1rectly to main memory. Read or write hits 
Will result in the invalidation of the correspondinq 
cache locat1onJ a1l.es Will not aff.ect the cache contents. 

Flush Cache. Wr1t1nq a 101M into this write-only ~1t clears 
clears all CPU Taq and DHA Taq Valid bits 1nval1datinq the 
entire contents of the cache. Writ1nq a ·0· into this ~i: 
has no effect. Flush Cacheal~ys reads as zero. The KDJll-= 
requires approximately 1 msec to flush the cache. Durinq th!! 
period. DHA ac~ivity 11 not possi~le and CPU activity is 
sUlpenc1ec1. .. 

Parity Error Abort. This read/vr1te bit is let for 
c11aqnost1c purposes only. When it is set. a cache parity 
error (durin~ a CPU cache rea(1) will cause the CPU to 
abort the current instruction anc1 trap to parity error 
vector 114. Hhen this bit is clear ... cache parity error 
(dur1nq a CPU cache read> results in a force a1ss and ca:a 
fetch from main memory. The CPU will trap to 114 only!! 
CCR bit <0> is clear. ~A cycle cache par1t1 errors will 
cause a trap to 114 if CCI <7> is set or if cea <0> is 
clear. CCR <7> has no effect on main memory parity errors 
which always cause the CPU to ~ort the current instruc~!o~ 

. and trap to 114. 
f Write Nronq Data Parity. When this read-write bit is se~, 

both theh1qh and low data parity bits are written With 
wronq parity dur1nq all operations which update these 
bits. This will cause a cache c1&ta parity error to occur 
on the next access to that location. 

---------~-----~~' 



IITS FUNCTION 

03-02 Force Hiss. When either of these read-write ~1ts is set. 
CPO reads will be reporte4 &1 cache missel. 

01 D1aqnostic Hode. When thil read/write ~1t 11 let. a 
10 usec nonex1ltant memory timeout durinq a vcr4 write 
Will not caule a nonexiltant aemory trap and Will not 
set CPU Error Reqilter ~1t 05. All non-~ypass and 
non-forced a111 word write. Will allocate the cache 
irrespective of the nonexi.tant .emery timeout. 

00 D1s&ble Cache Parity Interrupt. This read-write ~1t 
controll Cache Parity Interrupti when cea (7) 1. clear 
(normal operation). If cea < 7) i •. clear ... cache parity' 
error (dur1nq a CPO cache read) relults in a force miss 
and data fetch froa aa1n aemory. The CPU ~11 trap to 
114 only if cea ~1t (0) 11 clear. DMA cycle cache parity 
errorl will caule a trap to 114 if CCR (7) 1. let or if 
CCR (0) is clear. 

The fol1ov1nq table lummar1zes 'the effect of CO (7.0)' on parity 
errors dur1nq CPO cache reads: ' 

; (- CCR<7> CCHO> Result of Cache Parity Error 

0 0 Cache H1sl and Op4ate Cache; 
Interrupt to 114. 

0 1 Cach'e Miss and Update cache; 
No Interrupt. 

1 ): ~ort Instruction and Trap to 114. 

The follov1nq table lummar1zes the effect of CCR <7,0> on D~_~ TA~ 
Parity errors durinq D~A Writes: 
CO<7> CCR<O> Result of Cache Parity Error 

o 
o 

1 

o 
1 

X 

Interrupt to 114. 

No Interrupt. 

Trap' to 114. 

The Cache Control Re~ilter 11 cleared ~y the neqat10n of DeOK 
and by A console start. It is not &ffecte~ ~y BOS lNlT. The 
OUT comman4 MGN Vill cause cache to ~e flushed and CCR to ~e 
clearec1. 
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6.3 

- Read. 

Hrite 
Hord. 

Hrite 
Byte 

Read. 
Bypass 

• 

Cache Response Mattix 

1 DHA I I CPO , HIT MISS I I HIT MISS • I- I I 1 
Read. I Read I IRead. Cached.'IRead. Memory! 
Memory I Hemory I lData 1& Allocate ! 

I I I I Cache 1 

-----~~---------------l I-----~--------~---------I Invalid.ate IHrite 
Cache-Krite IHemory 
Memory I 

lHrite ~oth IHrite ~oth 
ICache and. ICache and. 
1 Memory 1 Meaory 

----------------------! l-----~------------------Invaliclate lHrite 
Cache-Write !Memory 
Memory I 

! 1 

1 lHrite ~oth 1 Write . 
! lCache and ! Memorf 
! IMemory !·-No Cache 
1 ! I Chanqe 

------~---------------! 1-------------------------
t 
t 

- lInvalidate tRead Kemory 
ICache & I-No Cache 
lRead Memory! Ch&nqe 

----------------------1 J----------~---------~---Hrite - ! - 1 lInvali4ate I Hrite 
Bypass 1 1 1 Cache & I Memory 

IWrite Memoryl-No Cache 
! t 1 ! Chanqe 

----------------------1 t------------------------Reaa Read 
Force Memory 
Miss 

I Read 
1 Memory 
I . 

IRead. Memory !Read. Memory 
I-No Cache I-No Cache 
! Ch&no-e ! Chancre . . . 

-----·----------------1 1------------------------Hrite 
Force 
Hiss 

Write 
Memory­

tlnvalidate 
I Cache 

!Hrite 
1 Memory 
1 
! ' 

t Write 
! Kemory 
t -No Cache 
I Chan,e 

! Hrite 
1 Memory ~ 
I -No Cache ! 

Cbanqe 
----~--------------------------------------------

-------------'-----------------"~. ~.--. -----------
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Cache Parity Errors affect the Cache Responle Katriz in the 
follov1nv va111 

1. 

2. 

3. 

4. 

s. 

. 
Durinq DHA Write C1ele •• a DHA Tai Parity Error forct~ a 
Cache Hit re.pon.e. anc1 the cache location 1. 1nva11c1a;!td. 

Dur1ni CPU Read cycle. CHon-Bypa.,), & CPU Taq or Data 
Par1ty Error force. a Cache K1 •• re.pon.e. 

Durinq CPU Write Byte Cycle. 'Hen-Bypasil Hon-Foree Hiss). 
a CPO Taq Parity Error force. a Cache Hit relpon.e, ~ut 
the c1at& is loaded with ~ad parity. 

Durinq CPO Read Bypas. or Write Bypa •• Cycle., a CPU T&~ 
or Data Parity Error force. a Cache H1t Response. !be 
cache locat1on 11 invalidated. 

For all Foree H1ss Cycles. and for the CPU Wr1te Hord 
(Hon-Bypass) Cycle. Cache Par1ty.i. 1qnered • 

• 

.... ....... .......... ~--. 
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6.4 Kemory Sy.tem Error Req11ter (Address: 17 777 744) 

The Memory Sy.tem.Error Reqi.ter (MSER) reflect. the .tatus of 
cache and mAin aemory parity error •• HSER bit 15 1 •• et if .. 
cache or main aeaory parity error re.ults in an 1nstruet1on 
&bort. HSERb1t. 14 and 13 are used by the KDJll-B Boot and 
Dil.qnostic proqrams to test the Cache DHA Taq Store. ~ey are 
only valid when the Boot and Diaqno.t1c Controller Status 
Re<iilter Stand-Alone Mode bit (BCSR (8»1. aet. 

It the Cache Control Req1lter Parity Error Abort bit (eCR (7» is 
let, HSER (7), <6> and/or <5> are let ind~viduall)' if a caehe ~ari~1 
error occurs in the hiqh data byte, low data byte or CPU taq f1elQ!. 
respectively, c1ur1nq I. CPU cache aeeesi. Similarl)" HSER bit 04 is 
let it a DHA taq tield parity error o~curs durinq a DMA eache cycle. 

If CCR bit 07 is clear, operation of HSER bits 07-05 is altered 
for lott'W.re compatibility reasons. MSER bits 07-05 are all set 
it any parity error occur. 4urinq a CPO cache access. Similarly. 
HSER bits 07, 06 and 04 are all set if a DHA taq field parity 
error occurs durinq I. DHA crele. . 

15 14 13 12.. 11 10 9 8 7 6 5 4 3 2 1 o 
--------~------------~--~-----~-----------~--------------~----I . 

! o 0 000 
t 
I . ! ! ! . 

000 0 
------------------------------------------------------------~~ 

+-- ms PAR 
! 

+------ ors CMf 

.----------- CPU Abort • . 
Cache H! Data Parity Error -------+ 
Cache L! Data Parity Error -----------. 

Cache CPO T&~ Parity Error ---------------+ 
Cache OHA Taq Parity Error -------------------+ 



t 

( 

Sit Function 

15 . CPU Abort. This rea~-only bit is let if a cache or main ' 
memory parity error relu1tl in an 1nltruct1on abort (i.e. 
only 4ur1n~ the 4eman~ rea~ cycle'. Cache parity errors cause 
an abort only if CCR <7> 18 let. MAin aemory parity errors 
alwaYI caUle'an abort. 

14 OHA Taq Store Comparator (DTS CHP). In Stand-Alone Mode . 
(SCSR <8> let), th11 r.a~-only ~1t 1n~1cates the output 
of the Cache DHA Taq Store Comparator for the previous . 
Non-I/O Paae reference With eachem1ll. When SCSR (8) is 
clear, DTS-CMP rea4s as ·0·. 

13 OHA Taq Store Parity cOTS PAR)~ In· Stan~-Alone Hode <SCSR 
<8> set), this rea~-only bit indicates the output of 

12-08 

the DHA Taq Store Parity Check Lo~1c for the previous 
50n-I/0 Paqe Reference With cache m1sl. When SCSR <8> is 
clear. DTS PAR reads as ·0". 

Unuse4. These bits always read as "0". 

07 Cache H! Data Parity Error. This read-only bit is se~ if 
a parit¥ error is detected in ebe h1qh data byte d~rinq A 
CPU cache .read. If cea <7> 11 clear. HSER <7> is also se~ 
by a low byte parity error and by the let condition of 
HSER < 5> 0 r (4). 

06 Cache L! Data Parity Error. ~I read-only bit is s~t !! 
a parity error is detected in the low data byte 4urinq a 
CPO cache read. If CCR <7> 11 clear. MSER (6) is allo se: 
:by a hiqh :byte parity error and by the let condition of 
KSER <5> or <4~. 

05 Cache CPU Taq Parity Error. This read-only bit is let if 
a parity error 1s deteete4 in the CPU taq field durinq a 
CPU cache read. If cea <7> is clear. HSER <7> is also 
let by a h1qh qr low data byte parity error. 

Hotel Cache parity error I are 1qnored (40 not affect 
HSER (7-5», if either cea <3> or <2> (Force Miss) 
11 let or if the CPU Taq Valid bit 11 clear. 
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BIT FUNCTION 

04 Cache DHA TAi Parity Error. This read-only bit is set i! 
a parity error is detecte~ in tbe DHA tA~ field durin~ & 
dur1n~ a DHA vr1te operation. 

Bote: CAche parity errors are 1~ored (do not affect 
. HSER (4», if either cea <3> or (2) (Force Hiss) 

is set or if the DHA Ta~ Valid ~it is-clear. 

03-00 Onu.e~. These ~it. always re~ as zero. • 

Ha1n .emory pArity errors always cause the CPO t'o &bort the 
ClJrrent instrlJction, to set HSER (15) and' to trap thrlJ vector 
location 114. 

Cache parity errors which occur dur1ni & CPO Cache access mAY 
reslJlt in an instruction abort and/or a trap to location 114. 
dependinq on CCR (7) and (0)1 

1. If CCR (7) (Parity Error Abort) is set, a cache parity 
error causes the CPU to &bort the ClJrrent 1nstructicn, 
to set HSER <15> and the relevant error b1t(s) 
HSER (7:S> and to trap thru vector location 114. 

2. If cea (7) is clear, and if CCR (0) is also clear. a 
cache parity error causes the CPU to force a cacbe miss. 
set the relevant error bits MSER <7:S> and to trapotnru 
vector location 114. 

3. If' CCR < 7> is clear, and if CO (-0) is set, a cache 
parity error causes the CPU to force a cache miss And 
to set the relevant error bits HSER <7:S). The CPO dces 
not trap thru vector location 114. 

Cache DHA t&q field parity errors vh1ch occur dur1nq a D~A c7cle 
caus. a trap to location 114 if cea (7) is set or if CCR <0> is 
clear. 

The Memory System Error Req1ster is cleared by any MSER write 
reference. It is also cleared on pover up Or by a console start. 
It is unaffected by a RES~ instruction. 
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6.5 Hit/Miss Req1ster (17777752) 

This reqister 1nc11cates whether the 11x most recent CPU memor ... 
references resu1tec1 in cache hitl or cache m1lsel: 

15 6· ! o .-.--------_ .... _-_._--------_ ..... _-------------------------------+ 
l 
100 0 000 0 0 0 0 
1 

I 
I 
t 

• <---FLOW 
1 
! 

~---------------------------------------~----------------+ 
S1tl enter from the riqht (at bit <0» and are shifted 1eft~ard. 
A one indicates a cache hit, a zero indicates & cache miss. 

The Hit/Hiss Re~1ster is read only. Its value at power up is 
UNDEFINED. The Hit/Hiss R~1lter 11 not affected by console 
start or a RESET instruction. The H1tlKiss Req11ter w111 always 
zero when cpu is console Oct mode. 

6.6 Cache Multi-Processor Hooks 

The follow1nq multi-processor cache -hooks" exist in the 
KDJll-!: 

- Conditional cache bypass - lelected Virtual paqes can be 
made to ~1pass ~he cache. Bit <15> in ~he PORs lets this 
condition. 

- UnconditiQnal cache ~ypass - all CPO referenees can be ma~e t~ 
~ypass the c:ac:~e. Sit <9> in the Cache Control P.e~il~er set! 
t!).!! condition. 

- Flush cache - all valid ~its in the cache are cleare~. 

r··~ .--

- Lock instruction (ASR!, TSTSET. and WRTtCK) - these 1nstruc~!c~! 
9UArantee a cache bypass reference. 

f 
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7.0 Private Memory Interconnect 

7.1 General Description 

The private Memory interconnect (PHI) consists of 14 .iqnals 
which are unique to PHI protocol plus additional .iqnals which 
are .bAred with the Q-Bus protocol. The PHI provides a h1qh 
performance communication path between the KOJll-B CPU. the 
HSVll-J Hemory and. for On1bus Systems. the KTJll-B Unibus 
Adapter. Oata and address information is multiplexed and uses 
the same data/address lines used by the g~Bus protocol. 

PHI protocol is specifically desiqned for and used in the 
POP-ll/SJ g-Bus System and the PDP-ll/S' Unibus Syste~. 

A PDP-ll/SJ O-Sus system is confiiUr~ usinq the KDJll-S CPU 
Module. one or more HSVll-J Memory Modules and a lelection of 
O-Sus compatible devices. Oata transfers between the KDJll-B CP~ 
and MSVll-J Memory follow PHI protocol. All other communicat!on~ 
Whether ori~inated by the CPU or by a D~A device, occur via 
Q-Sus protocol. 

A POP-ll/S4 Unibus system is con!iqured usinq the KDJll-! CPU 
Module. one or tve MSVll-P Memory Modules, the KTJll-S Unibus 
A4aptor (UBA) Module and a selection of On1bus compati~le. 
devices. The KDJll-B. HSVll-P and KTJll-! Modules communicate 
via PM! protocol. All comm~ication between Oni~us devices an~ 
the KTJll-5 occur via Unibus protocol. The KTJll-S prov!~es the 
appropriate interface between PMI and Onibus protocol!. 

Q-!us devices can not be confiqured in & system conta1ninq the 
~Jll-B Unibus ACapter Module. 

7.2 The PMI Specification 

All information on the Private Hemory Interconnect is conta!ne~ 
in the PHI Specification. 
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8.0 Micro-OOT Console 

The conlole octal 4ebuiiin~ technique or conlole ODT all~1 the 
KDJll-B to respond to co~andl and information entered via the 
conlole terminal interface.,Conlole ODT 11 & very uleful &id in 
runn1ni and 4ebuqi1nq prOiraml. 

For complete information on the Micro-OOT conlol., refer to 
lections 5.3.2- 5.3.7 of the DCJ11 Microprocessor Uler'l Guide . 

-, 
I 

• 

" ,-



9.0 KDJll-B Boot and Diaqnostic Facility 

The KOJll-B Boot and Diagnostic Facility features four hard~are 
reqisters. two ROM Sockets for 4X, ex or 16X words of l6-~it 
read-only memory and a third ROM Socket for %X. 4K or ex ~ytes 
of either '-~it read-ony memory or e-bit Electrically Eral~le 
PROM aemory. The l6-bit ROM typically contains executable code 
includinq both d1aqnoltics and a selection of boot proqrams. The 
e-bit ROM or EEPROM typically contains the KDJl1-B Con!iquration 
Data plus space for optional. operator supplied boot proqrams. 

The KDJll-BA CPO Module populates the first t~ ROM lockets with 
ex words of 16-bit ROM. This ROM contains stand-alone KDJll-B 
diaqnostics, the KDJll-B con!iquration routines, both me=ory 
and system diagnostics and ~oot proqrams for various stAnQar~ 
devices. It this ROM is replaced for special applications, the 
new ROM must cont~in lome torm of con!iquration routine and 
.hould also cont~in both stand-alone and system diagnostics. 

The KDJll-BA CPU Hodul~ populates the ~hird ROM socket with 
2K of a-bit EEPROM, allocatinq 256 bytes for confiquration data 
and leavinq th~ remaininq .pace available for operator supplied 
boot proqrams. For special applic~tions, this ROM may ~e replaced 
either by 4X or ax £EPROM or, if the application does not require 
alterAble Con!19Uration Data, by up to aK bytes of ROM. 
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9.1 KDJll-B Boot and D1aqnolt1c Req1sterl 

The KDJll-B Soot and D1aqnolt1c Reqilterl include the Controller 
StatuI Req1lter. the Paqe Control Reqister. and the Conf1~urat1on 
and DisplAY Reqilter. The Boot and D1aqnostic Facility allo uses 
the KDJll-B Maintenance Req1ster, described in section 9.2. 

9.1.1 Controller Status Req1ster (Address: 17 777 520) 

~e loot and D1aqnost1c Controller Statu. Reqister (BCSR) is 
both vord and ~1te addressable. ~e BCSR allows the Boot and 
D1aqnostic ROM proqraml to test ~tter1 ~ackup and rehoot 
Itatus. to set parameters for the PHG (PrQceslor HAltership 
Grant) Counter and for line clock. to enable the Console Halt 
on Break feature and to enter or ezit from stand alone mode. 

The BCSR al.O &llo~s these proqrams to selectively d11~le , 
the response of the Boot and Diaqnostic ROM's to addresses 
17765000 - 17765776 and/or to addresses 17773000 - 17773776 
and to contro1'read/vrite ace ••• to the EEPROM aemory. 

ProqyAms vb!ch access the 1/0 Paqe can use the BCSR to alter fMC 
an~ line cloCk parameters. to enable or disable the Halt on Break 
feature and to control access to the ROM and and EEPROM memories. 

-
15 14 13 12 11' ~O 9 8 7 6 5 4 3 2 1 0 
--~-~-~---~--~-~~-~-----~----~-------------------~---

U lIE 
RIT PLS 
FRC LCU: 
DIS LX! 
ctJ( SEtl 
eLK SEl.O 
ENB HOB 
SA HODE 

I . ! ! ! ! ! 

• I I I I 1 I . · · . 
--+ • t • 1 1 ,I · · ------. t • 1 1 • 
81 _________ + 

I 
------_ .. _------. 1 

--------~-~-------. t ! . 

--------~------~------. 
---------~--~-----~~-~---+ ! 

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

1 
1 

I 
1 

DIS 73 --------~-~-~-----~------------+ 

I 
I 
I 

DIS 65 ----------------------------~-----+ 

1 

RS3 65 ~--------~---------------------------. 
RS3 HE -----------~----------------------------+ 
Unuled -------------------------------------------. 

! 

fMC CNT2 ----------------------------------------------. 
PMC CNTl --------~------------------------~-------------~-+ fMC CNTO ---~-----------------------------__ ~_~~~ __ ~~~_~~ ____ + I 



SrI' 

lS 

14 

13 

12 

MNEMONIC 

!a RBE 

R!T PLS 

FRC LeIE: 

DIS LXS 

, 

MEANING 

Battery Backup Reboot Enable. Th!s b1 t, 
wben let, indicates that battery backup 
failed to aa1nta1n voltaqes to the memorv 
system dur1n~ the previous po~er failure: 
Tbjs bit, Vben clear, indicates that the 
Iystem 40es net feature battery backup or 
that battery backup aa1ntained voltaqes 
durinq the previous p~.r failure. This 
a1qnal is received from backplane pin BHl 
and latched when DeOK is &sser~ed. 

Reboot Pulse. This read-only bit is let 
if DeOK pulses while POK remains asserted. 
This condition, ~hich can only occur in 
g-Sus Systems, indicates that a system 
reboot has been requested by the front 
panel 1~1teh or by a special Q-Bus device. 
RST PLS is cleared by the neqa~10n of POKe 
A similar bit, contained 1n the KTJll-! 
Oiaqnost1c CSR, provides reboot status for 
Unibus Systems. 

Force Line Clock Interrupt Enable. If this 
bit is let, assertion of the siqnal select~ 
by BCSR <11,10> (Clock Selec~ Sits 1 ana o! 
Will uncon~1tionally request interr~pt!. !~ 
FRC LCIE: is clear, asser~1on of the selec~~ 
81qnal ~il1 request 1nterrup~s enly 1! th~ 
Line ·Clock Status Req1s~er tit <6> <LC!EI 
18 let under proqram control. FRC LC:E is 
cleared by the ne~atien ef DeOK. 

tine Cleek Status Req1ster Disable. If 
this bit is let, the tine Clock Status 
Req1ster (LKS) is disabled. If this bit 
18 clear, LKS is enabled and relpon~s 
to bUI address 17777546. LXS DIS is 
cleare4 by the neqat1en of DeOK. 

J 
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BIT 

11 

10 

09 

08 

07 

HN'EHONIC 

CLK SELl 

Ctl( SEtO 

DB HOB 

SA MODE 

DIS 73 

MEANING 

Clock Select Bits 1 and O. These rea~-wri:~ 

bits lelect the lource of the line clock 
interrupt request: 

CIJ( SELl CLX SEtO 
-------- --------

o 0 
o 1 
1 0 
1 1 

Source of Interr~pt 
---------~--------~ External BEVENT Line 
Oh-Board 50 Hz 
On-Board 60 Hz 
On-Board 800 Hz 

CLK SELl anc1 CLK SEtO are cleared by th~ 
neqation of DeOK. 

En~le Halt on Break. Nhen this rea~-wri:~ 
bit 11 .et. the Conlole Serial Line Unit 
Halt on Break feature 11 en~led. When 
this bit is clear that feature is dis&bl~c. 
ENE HOB is clearec! by the neqa t10n ef ceO::. 
Stand-Alone Mode: When this read-write bi~ 
is let. the KDJll-! operatel in stAnc!-alone 
mode. us1nq its Cache as main memery. 
External memory and peripherals are 
all 41sabled. When SA HOOE is clear. 
Stan4-Alone Moc1e 11 turned off. en&blin~ 
external mem~r1 and peripherals. SA MC~~ 
11 .et by the neqat1cn of OCOK. 

Disable 17773000. When this read-write bi: 
is let. response of the l6-bit ROM me~or1 :: 
ad4resses 17773000 - 17773776 1s.Q1sa=:.~. 
allovinq the operation cf an external ~OM 
vbich uses those adc!ressee. "~en O!! 73 if 
clear. the l6-bit ROMs respor.c! to these 
ad4relses. us1nq the h1ih byte of the P&;~ 
control reqister as the most siqn1f1car.~ 
address b1tl. OIS 73 is cleared by the 
neqat10n of DeOK. 

I 
--~ 
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BIT 

06 

05 

04 

03 

02' 

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

MNEMONIC 

DIS 65 

RS3 65 

RS3 HE' 

Onused. 

PMG CN'!'2 

MEAN INC 

Oil&ble 17765000. When thil rea~-write ~i: 
is let, response of the Boot and. Diaqnost1c 
16-bit and a-bit ROM memory to ad~res!e! 
17765000 - 17765776 i. disAbled., allowinq 
the operation of external ROM which uses 
thOle addresles. When DIS 65 11 clear, the 
tbe rom memory .elected by bcsr <5> respon~ 
to thOle addresse., usinq the low byte 
of the paqe control req1ster as the most 
mOlt li~i!ieant address bits. DIS ~S is 
cleared by the neqat10n of DeOK. 

ROM Socket 3 at 17765000. This rea~-write 
bit leleets whether the l6-b1t ROM in FoOM 
Sockets One and Two or the a-bit ROM in 
ROM Socket Three responds to a~~resse! 
17765000 - 177657'6 (assuminq that BCS~ <4> 
1. clear). It RS3 65 is set, the e-~1t RO~ 

• 1. lelected. If RS3 65 is clear the l6-~1t 
ROM is selected. In either ease the low 
byte of the paqe control req1ster provide~ 
the most .iqnif1eant address bits. RS3 65 
1. cleared. by the neqation of DeOK. 

ROM Socket 3 Write EnAble. If BCSR <6> 
(DIS 65) is clear, and if BCSR <5> anc ~4' 
(RS3 65 and RS3 WE> are both set. then t~! 
proqT&m can WTite access ROM socket 3 wr.;:~ 
typically contains an £E?ROM. RE3 Nt is 
cleared by Power Up and by Bus !nit!a~!::. 

Unused. Thil bit always read.s as "0". 

Procelsor Mastership Grant Count bits -.. -
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01 

00 

MNEMONIC 

PMG CN'l'l 

PMG CN'XO 

MEANING . 

and o. These read-write bit. enable the fM~ 

Counter and lelect the lenqth of time for 
fMC Counter overflow. When enabled. the FMC 
Counter 1. ~e~inl countinq whenever the 

. XDJll-B mUlt acce •• an 1/0 faqe location 
or external aemorr. Counter overfl~ cause! 
the KDJll-B to luppre •• all DHA Requel~s 
and to q1v. the procellor bu. .a.~.rsh1p 
durinq the next DHA ar~itration cycle. Whe~ 
the PMG Counter 1~ di.abled. the procesler 
1. ~lccke4 from bul mastership al lonq &! 
DHA Requests are pendinq. 

PHG CNT2 fMC; CN'l'1 PMa CNTO Coun~ Ti:e 
.,--~~----. ----~--- -------- ----------0 0 0 (Dil&bleo.) 

0 0 1 0.4 usee 
0 1 0 0.8 usee 
0 1 1 1.6 usee 
1 0 0 3.2 use: 
1 0 1 1:>.4 usee: 
1 1 0 12.8 usee 
1 1 1 25.6 usee 

PMO CN'I'2. fMC; CN'!.'1 and fMC; CNTO are e:le!.re:. 
~1 the neqation of DCOK. 

.-
I -
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9.1.2 Page Control Reqister (Address: 17 777 522) 

The Paqe Control Reqister 11 a read-write regilter Which is ~eth 
byte and word addreslable. Only ~1t. 14-09 an~"06-01 can be loa~e~. 
The other bit. alvays read a. zero. The PCR high byte provides the 
.ost 119n1f1cant ROM addresl bit. when the 16-b1t ROM .ockets are 
a.ccessed by bu. addresses 17773000 - 17773776. The PCR low byte 
provide. the most .19nif1cant ROM (or EEPROM) address bits when 
the 16-b1t or 8-b1t ROM (or EEPROM) locket. are acc.sse~ by bus 
addresses 17765000 - 17765776. BCSR ~it. 07-04 control aceess to 
the ROM and EEPROM aemory. 

Hhen the 16-b1t ROM .ocket. are accessed by bus ad~resses 17773000 -
17773776. PCR <14-09> are use~ as ROM address bits 14-09. The 
nine least sian1ficant bits of the bus address (bits 08-00) are 
used as bits oa-oo of the ROM address. The resulting 15-bit ROM 
address aceesses the l6-bit ROM. 

When the 16-b1t ROM lockets are aceessed by bus a~dresses 17765000 -
17765776. PCR (06-01> are used as ROM address bits 14-09. The 
nine least sianific&nt bits of the bus address (bits 08-00) are 
used as bits oa-oo of the ROM address. 

When the a-bit EEPROM (or ROM locket) is" accesse~ by bus addresses 
17765000 - 17765776. peR bits 05-01 are used as EEPROM address ~~:s 
13-09. 

This re~1ster is cleared by the negation of DeOK. 

9.1.3 Configuration and Display Register 

the Con!iquration and Display Reqister actually consists of t~c 
independent reqisters which .hare the .ame physic£l a~~ress: 
the read-only Configuration Register and the write-only Display 
Register. 

9.1.3.1 The Configuration Reqister (Address: 17 777 524) 

The read-only Boot and D1aqno.t1c Conf19Urat1on Req1.ter (ICR) 
reflect. the .tatus of eiqht .witches (Switches <7-0» edqe 
mounted at the top of the module. Three of those .v1tches 
(Switches <2-0» can be asserted remotely via an external 
connector. also mounte~ at the top of the module. 

• .. 
" -
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Dur1nq normal operation, switch <7> 1. in the clear position and 
.witches <2-0> determine th~ Console Terminal Baud Rate. The 
Boot and D1a~ostic ROM proqrams use the Configuration Data in 
the 8-~1t EEPROM (or ROM) to select the various KDJll-B and system 
parameters. 1nc1udinq the Power Up K04e andlor the loot Dev1c~ . 

• 
For systems which do not have a Console Tera1nal. and for which 
the operator can not set up the EEPROM. switch (7) 11 placed in 
the set condition. The Boot and D1aqnostic ROM proqr&ml UI~ 
~tches <6-0) to select a limited ranqe of ~ll-B and sYltem 
parameters. inclu41na the Power UP Mode andlor the Boot Device. 
Sett1nq switch (7) does not actually dil~le the console terminal 
interface which It1ll r~lponds to the Console Device Addresses 
and which runs at the Baud Rate reflected ~y ~tch.s <2-0>. The 
sett1nq of s~1tches <2-0> is deterained ~y IYI'tem confiqurat1on 
conSiderations and --1 not correlpond to a ul&ble BAud Rate. 

15 14 13 12 11 10 9 8 7 6 ! 4 3 2 1 0 
---~-~----------~-~---~---~-----------~~-~----------! 

o 0 0 000 0 0 I • 
a-Bit 

Switch Pack 
-~~--~--~--~-----------------------------------------. 

BIT(S) MEANING 

.15-08 Unus~. These ~its always read as zero. 

07-00 SWitchel 07-00. These bit! reflect the status cf th~ 
eiqht s~tches edqe mounted at the top of the KDJll-B 
Module. SWitches 02-00 can be aSlerte~ remotely via an 
ezternal conn .. et=r mounted at the top cf the module. 
Each switch le'ttinq can be asserte~ by plac1nq the 
switch in the "1M position or by qround1nq the 
appropriate ezternal s1qnal. 

SWitches 02-00 are uled by the console terminal 
interface to determine the Baud Rate. If ~teh 07 
is in the set pOlition, the Boot and DiaqnoltiC ROM 
Proqrams luppresses communication ·u1th the console 
terminal and use. lWitches 06-00 to lelect a limite~ 
ranqe of KDJll-B and Iystem parameters. 



9.3 XDJll-B ROM Memory (Addresses l7773XXX and 1776SXXX) 

The KDJll-B Boot and 0ia~ostic Facility feature. tvo .ockets 
which accept 4X. ex or 16K word. of 16-~it ROM memory and a 
third .ocket which accept. 2X. 4X or 8X byte. of 8-~it EEPROM 
(or ROM) aemory. The KDJll-BA feature. ex verd. of Boot and 
J)1aqno.tic ROM proqrus Which are in.talled 1n the f1r.t tvo 
.ocket. and 2K byte. of EEPROM which are in.talled in the th1r~ 
.ocket. 

9.3.1 KDJl~-B ROM Memory Addre.lel 17773000 - 17773776 
• 

KCJll-! ROM Kemery A~dresses 17773000 - 17773776 can be used to 
access the 16-b1t memory. but not the S-bit memory. The l6-bit 
memory responds to these addresles only if Boot and DiaqnQstic 
Controller Status Reiilter bit 07 (DIS 73) is clear. 

Nhen the read-only memory is access~ by bus .ddr ••••• 17773000 -
17773776, Paqe Control Re~1.t.r (PCR) bit. 14-09 are used as 
ROH address bits 14-09.- The nine least .iqn1ficant bitl e! the 
bus address (bits 08-00) .re used as bits 08-00 of the ROM 
address. The resultinv 15-bit ROK addrels accelles up to 16K 
verds of l6-~1t ROM. 

9.3.2 KDJ11-B ROM Hemory Addresses 17765000 - 17765776 

KDJ11-B ROM Memory A4~res.es 17765000 - 17765776 can be usee to 
access either the 16-b1t or the S-~t aemory. The 16-b1t aemory 
responds to these addresles if the Boot and 0iaqnostic Controller 
Status Reiister bits 06 (DIS 65) and 05 (RS3 65) are both clear. 
The S-b1t memory responds to these addresses if SCSR <6> (DIS 6S) 
anc1 <5> (R53 65) are clear and s~t respectively. 

When the reac1-only aemory 11 .ccessed by bus addresses 17765000 -
17765776. 'aie Control Reqister (pa) ~its 06-01 are used as RO!"! 
addrels bits 14-09. The nine least .1~ificant bits of the bus 
ac1dress (bits 08-00) are u.ed a. bit. 08-00 of the ROM ad~ress. 
The resultinq lS-b1tROM address accelses up to 16K vorcis. In the 
case of the 16-bit ROM. each wcr4 contains a full 16 bits of ciaea. 
In the case of the 8-bit ROM, each word contain. 8 bit. of c1ata. 
located in the low byte (bits 07-00). Becaule the maximum .1:e fer 
the 8-~it ROM 1sSK, only the 14 lealt .iqn1ticant bits of ROM 
.ddress are actually uled. 



Bit(.) lIue Meaning' 

15-11 Unu.ed. Reserved for future e,panl1on. Read as z.rcs. 

10 Mult1proce.sor Slave. Thi. read-on11 ~1t reflects the 
.tatu. of an external line. A "1- indicate. th&~ this 
CPU 1. a au1t1procellor .1ave. A ·0· indicate. that 
this CPU' is either 1n a 11nqle procellor ',ltem or is 
the arb1rtrator in a .u1t1proces.or."I~e •• 

09 Un1~us S1ltem. This read-only ~1t reflects the status 
ef the esterna11y applied Un1~us Adapter line. A "1-
indicates that the Iyste. includes a Un1~us Adapter. 
A ·0" indicates a Q-Bus SYlte •• 

oe FPA Available. This !)1t is set (1) if a Float1nq Pcint 
Accelerator Chip is instal1e4 on the module. 

07-04 Module Type. This 4-!)1t code is hard-wired as a "2", 
1nd1cat1n~ a KDJ11-B Module. 

03 HaltfTrap Option. This read/write ~1t determines the 
response of a processor to a Kernel Mode Halt 1nstructicn. 
A -1- selects the Trap Option. caus1nq the CPU to trap to 
location 4. A ·0" lelects the Halt Option. caus1nq the C?U 
to halt and enter ODr. This ~1t is cleared ~y the neqaticn 
of lXOK and is set 1)y the Bee~ and 01aqnestic: ROM c:oc1e i! 
the Trap Option is selected 1)1 a ~1t in the Con!ic;\iration 
~. The Trap Option is not intended for nermal use a~e is 
relerved for controller applications. 

02-01 Pov.r Up Coc1e.1'his 2-~it coc1e 11 hard-v1re~ as a "2". 
At power up. the processor lets the PC to 173000 ar.~ 
lets the PSW to 370. It then starts pro~ram execution 
atlocat1on 173000. Vh1ch is the .tartina location for 
the KDJ11-B Boot and D1aqnost1c ROM proqram. These 
proqrams test out the KDJl1-B Hoc1ule and then implement 
the user selected power up option specified in the 
Cont1;urat1on Oat •• 

00 SPOR H. This !)it is set (1) if the Q-Bus' s10nal BPOK H 
is asserted. indicatinq that AC Pover 1. okAy. 

• 

• 
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, ••• ~ ~onl1qurat1on Oata Formats 

The Cont1qurat1on Data Formats v11l ~e ~~f1ned in the sp~e1!1eation 
for the KDJll-BA Boet and 01aqnost1c ROM Proqram. This seetion 
contains a tirst pass a.t these formats and Vill ~e updated lat~!" to 
reflect the actual fermatsl 

07 06 05 o. 03 02 01 00 

--~----------------------------~-------Mc:1rell 000 I I I. t 

----------------------~----------------
Unuled. 
Unuled­
FRC ten: 

1 1 

-----------------+ I ----------------------+ 

I . 
I 
I 

---------------------------+ --------------------------------+ 

I 
I 
I 
I 
1 

-------------------------------------. ------------------------------------------+ -----------------------------------------------. 

DIS LXS 
CLK SELl 
CIJ( SELO 
EN! HOB 
Unuled ----------~----------------------------~------------. 
Bittl) Mnemonic 

07 
06 
05 FRC teu: 
04 LXS DIS 
03 ctX SELl 
02 CLK SEI.O 
01 EN! HOB 
00 

Unuled. 
Unused.. 

Meaninq 

Force tine Cleek Interrupt En~le. 
tine Cloek StatuI ~eqilter Dilable. 
Cleek Select Bit 1 
Cleek Select 'Bit 0 
Enable Halt en Break. 
Onuleel 

Ref~r to s~et1on 9.1.1 fer a 4escr1pt1en ef these ~itl. 
Bits <5-1> are loaded into BCSR <13-09>. 

07 06 05 04 03 02 01 00 

--~--~------------------------------~--Ac1d.ress 001 1 • . J 

POPCDl 
PUPCDO 
Unuled. 
Unuled. 
HLT/TRP 
PHG CNT2 
PM(; CN'I'l 
PHG CN'I'O 

---------------------------------------1 

-----------------+ ! ----------------------. 
1 
I 

-----------------------~---+ --------------------------------. 
1 
1 
1 

-------------------------------------+ 

t 

1 
1 
1 

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

1 
1 
1 

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

I 
--- -~---~--
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.. Bit'.) Mnemonic: 

07 
06 

OS-04 

03 

02 
01 
00 

PWCDl 
pop coo 
.. 

HLT/T.RP 

• KG CN'l'2 
PMO CNTl 
fMC eno 

- " 

Me an inc; 

Power Up Co~e Bits 01 and 00. These two bits 
.elect the Power Up Option. 

Code 00. Run selected .tand-alone tests 
and then simulate a trap to 24/26. 

Code 01. Run selected stand-alone tests 
and then halt. caus1nc; processor to enter 
ODr. Hote that the Halt Option must ~e 
specified (,ee ~it 03 ~elow). 

Code 02. Run all .elected tests and then 
enter d1aloc;ue lIode. allov1nq operator to 
either specify a Boot Device or to enter 
Setup Hode. . 

Code 031 Run all selected tests and then 
~oot system via the specifie~ boot ~eviee. 

Onused. 

Halt/Trap Option. The Boot and Oia;nostie 
Proc;ram loads this bit into Maintenance 
R~ister ~1t 03. Refer to .ect1on 9.2. 

Processor Mastership Grant Count bits 2-0 . 
The leot and Diaqncstic Proqram loa~s 
these ~its into BCSR <02-00). Refer to 
.ection·9.1.1. 

The bits in Memory locations 002 and 003 Vill be used to de!ine 
test selection. 

The ~1ts in Memory loeat1ons 004 and OOS Vill be use4 to selee~ a 
boot device. 

The ~1ts in RAM locations 014-017 Vill ~e used for error deeecticn 
or. perhaps. error correction codes 



9.~ ~~l-~ RUM ~o~e Uper&~10n 

The KDJll-B always powers up and reboots to location 1777;000. 
At this point the KDJll-B is runn1nq in Itand.-alone !Docie. If 
the HALt Switch is let, the IYlte. haltl and. .nterl OOT. If the 
Halt lWitch is clear, the IYltell 1>e9'inl execution of the Boot 
and Diagnostic ROM prOfrUl. 

All confiqurAble Iystes parameterl are proqramaed ~y the loot 
and Diaqnolt1c Proqr .... HOlt of the. could ~e altered later 1>1 
the operat1nq IYlte., ~ut there 1~ curr.ntl,. no software 
support in that ar .... 

To chanqe the Iyste. conf19Urat1on. the operator powers up,re~oots. 
-and. lelec:~ the "S" option. The loot and. Diaqnost1c Rec:onf1~rat1cr. 
Proqram will then walk him thru the various parameters. After 
reconf19Urat1on is complete, the proqram qives the operator the op~:'":'~ 
of Itor1nq the new confiqurat1on in the EEPROM ~efore ~oot1nq up t~~ 
IYlte. vith the nev confiqurat10n. 

The loot and. Diaqnost1c Proqram runl stand-alone d1aqnoltics 
~efore, d.urinq and. after the proqrama1nq of confiqurAble Iystem 
parameters. Some of these te$ts may ~e lelectable ~Y ~its in 
the conf1qurat1on RAM. After coapletine; these diaqnostics. 
the proqram clear! the Stand.-Alone Hod.e l>it. Depend.1nq on the 
power up mod.e d.e!1ne~ in the Conf1quration RAM, the proqram 
Will then either enter OOT, simulate a power up vector to 24/26. 
or ~oot the _ystem, With the lelec~ed. 1>oot d.evice. after runn1~~ 
selected. Iystem d.iaqnostics. 

Details on KDJll-BA ROM Ced.e operation Will l>e contained. i~ the 
yet to 1>e vr1tten MKDJll-1A loot and. Diaqnostic ROM ruction.l 
Specification. This section Will ~e fleshed. out a ~1t as mere 
information is available. 
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10.0 tINE FREQUENCY CLOCX' 

10.1 L1ne Clock Function 

The tine Clock provides the Iystem ~th tim1nq information at 
f1xed. intervals determined. ~y the O-Sus SEVENT line or ~y the 
one of the on-~oard KDJll-B frequency lii"Als as proqrammed ~y 
Boot and Oiaqnostic Controll.'r StatuI Rei11ter ~1ts 11 and. 10. 
Typically, !EVENT cycles at the AC line frequency, prod.ucinq 
intervals of 16.7 asec (60 Hz line) or 20.0 asec (50 Hz line). 
The three on-~oard. frequencies are 50 Hz, 60Hz and. 800 Hz. 

10.2 Clock Status Req1ster (LXS) 17777546 

Th~ Clock Status Reqilter (LKS) allows tine Clock 1nterrupts to 
~e en~led. and. d.1sa~led under proqram control. Alternatively. 
11ne clock interrupts can be unconditionally enabled. by settir.~ 
!CSR <13> (FRC tCIE). Proqram recoqnition of the Clock Statu! 
Re91ster can be d.1sabled. by lett1nq BCSR <12> (LKS ,DIS). The 
normal KDJll-! conf1quration is FRC LCIE and. LXS DIS both clear. 
These ~1tl are let up by the Boot anc1 Oiaqnostic ROM proqrams 
from the KDJll-B Confiquration Data. For add.1t1onal informat1c~, 
refer to sections 9.1.1 anc1 9.4. 

SIT(S) 

15-08 

07 

MNEMONIC 

tCH 

, 

MEANING AND OPERAXION 

Unused. Alw.ys read. as zero. 

Line Clock Monitor. This read.-onlv ~it i! 
set by the leac1inq ed-qe ot the e%~er~a: 

• 

BEVENT l1ne (or ot one of the thre~ e~­
~oard frecuenc1esl an~ ~v Bus Init!&li:!. 
tCM 1s cleared. automatically on pr::e!~~~ 
interrupts aeknowled.qe. It 1s allo elear!~ :" 
writes to the LXS with l=1t (7) • "0". 
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BITS MNEMONIC MEANING AND OPERATION 

06 LCIE Line Clock Interrup~ Enabl. -- Thi. 
read-write hit, when .et, cau ••• the le~ 
condition of LCH (LXS (7») ~o ini~ia~e & 
proqram 1nt.rrup~ requ •• t. When tCIl is 
clear, line clock interrupt. are d1.~leQ. 
LCIE 1. cleared ~y Power Op an4 hy Bus 
INIT. LCtE 1. held let when BCSR <13> 
(FRC teIE) 11 •• t. 

05-00 Unused. Alvays read .s zeros. 

10.3 A4dit1onal Speei!ic&~ionl 

Interrupt veetor address: 100 
Priority level: 1R6 
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" 11.0 CONSOLE S~IAL tINE UNIT 

11.1 Console Functionality 

The console .erial line providel the KDJll-B processor with a 
.er1al interface for the console terminal. The conlole serial· 
.er1al line i8 full duplex. It provides an RS-423 EIA interfaee 
wb1ch 18 1.1.0 RS-232C compatible. -
1'h1 •• erial line interface 1. baled. en the De319 0iqital Link 
Asynchronous Receiver Transmitter (OLAR~), descr~ed in D1qital 
Purchase Specification A-PS-2ll7312-0-0. 

The receive and transmit baud rates are always id.entical and. are 
determined l)y three svitches .ett1nqs which can·be asserted vi.!. 
directly, via three ~itches mounted en top of the KDJll-! Module. 
cr'rtmott1y, via an txttrnal connector Which is also mounted &~ 
the top ot the module. Each switch .ettinq can be asser~ed by 
plac1nq the switch in the, -1- position or by qroundinq the 
appropriate ex~ernal s1qnal. 

The Baud Ratts are selected as follows: 

Switch Settinq 
02 01 00 Baud Rate 

0 0 0 300 
0 0 .1 600 
0 1 0 1200 
0 1 1 2400 
1 0 0 4800 
1 0 1 9600 
1 1 0 19200 
1 1 1 38400 

These switch settinqs, plus t1ve additional .~tches sett1nqs 
(Switches 07-03), may be read via the Soot and Oiaqnost1e 
Facility Conf1quration Reqo1st.r (SCR). If .w1tch 07 is a "1" 
the Soot and 0iaqnostic Proqrams assumes that the system does 
net have a console terminal and uses svitches 06-00 to selec~ 
a limited. ranqe of KDJll-B and .ystem parameters. Settinq 
.witch 07 does not disable the console terminal interface wh1e~ 
runs at the ~aud rate reflected by switches 02-00. The sett1nq 
of these sWitches, however, is determined l)y system con!i~ratic~ 
considerations and may not correspond to a us~le baud. rate. 
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11.2 . Con.ole Req1.ter. 

There are four console leria1 line unit rei1ster.: the Receiver 
Status Rea1ster, the Receiver Data Buffer, the Transmitter 
Status Re~1ster, and the Transmitter Data Buffer. Proqram 
recoqn1t1cn of these reqisterl can not be dis~led. 

11.2.1 Receiver Status Reqister (ReSR addres.: 17 777 560) 

lS 14 13 12 11 10 9 8 7 6 5 4. 3 2 1 0 

• . 1 t 
o 000 I 0 0 0 10000 0 

--~--~---~--------------~-----~----------------------1 
RCV ACT ------. 

1 
1 
t 

1 

! 

RX DONE -----------------~-+ .! 
RX IE ---------~-------------. 

BITtS). MNEMONIC MEANING 

15-12 Unule4. Read .. s zeros. 

11 

10-08 

07 

06 

05-00 

RCV ACT -

RX DOh~ 

Receiver Active. This read-only bit is 
let at the center of the Itart bit of tr.~ 
aerial input ciata and is clea·red. a: th.e 
expecte4 center (per OLART t1m1nq) of t~e 
,top bit at the end. of .the ler1al ciatA. 
RX DONE is let one D1t time After ~I~J AC= 
clearl. 

Unu.e4. Reac1 al zeros. 

fttf'!,1ver Done. This reac1-only 1:1: is !I!': 
unen an entire character ~s been reeei7~~ 
and. 1. rea4y to De rea4 from the RSUF 
Re~1.ter. Th11 bit is automatically 
cleared vhen RBUF is read.. It is also 
cleared by Power Up. 

Receiver Interrupt Enable. This read-~ri:e 
~ie 1, clear~ by Po~er Up and Bus IN!T. 
If both ICVR DONE and lCVR INT EN:: are se':. 
a proqram interrupt 1. requeste4. . . 
Unused. Read as zeros • 

.. ~ .... 
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11.2.2 Reeeiver Data Sutter (RBUF .d~relll 17 777 562) 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

1 , 1 
1 

1 
1 

1 1 
101 

1 . 1 
1 000 1 

-----------------------~--~-------------------------1 1 1 I 
I 1 I I I 

ERR ---+ I . 1 I 1 
OVR ERR ---+ 1 1 1 
FRM ERR -------. I l • 

1 
RCY IRK ---------------. 1 

1 

Received Data Bits ----------------------------+ 
BIT ( S ) MNEMONIC 

lS ERR 

14 OVR ERR 

13 FR.~ ERR 

MEANING 

Error. Thil reael-only ~1t 11 let if 
RBUF <14> or <13> 11 let. ERR is elear 
if these tvo bits are clear. This ~1t 
cannot ienerate a proqram interrupt. 

Overrun Error. This re.el-only ~1t is se~ 
if a previously received character was 
not read before ~e1nq overwritten ~y 
the pre.ent character. 

Fram1n, Error. This reael-only ~it is se: 
if the present character had no valid S::9 
bit. this ~1t is usee to ele~.ct ~re&k. 

NOTE:" Error conditions remain present until the next chAraeter 
11 rece1veel. at vh1ch point. the error ~1t. are update~. 
The Error ~it. are not necessarily cleareel by Power Up. 

12 

11 

10-08 

RCV IRX 

Unu •• 4. This bit always reaels as '·0". 

Received Break. ~1s reacl-only bit is se~ 
at the .n4 of a rece1vecl character for 
which the aerial elata input remainecl in 
the SPACE cond,ition for all 11 bit times. 
RCY IRK thenr ... ins let until the lerial 
data input returns to the HARK cond!t1on. 

Unuseel. These bits alway. reael as 110". 

1<eceivecl Data. Bit!. These r.&(1-on1". ~!,:s 
conc.1.!neel the ,I e. tfkii'.,'lbOait6;;=:&..w.. 



11.2.3 Tranlmitter Status Rei11ter (XCSR a~~rela: 17 777 564) 

I 
I 

15 14 13 12 11 10 9 8 7 6 ! 4. 3 2 1 0 

1 1 1 
o 0 000 0 0 0 I I 1 0 0 0 1 01 

-------------------~-----------~--------------------~ 1 

tx ReY ---------------------+ 
I 
I 
1 

T.X IE -------------------------. 

HAIRr --------------------------------------+ 
XHIT!RK ------~---------------------------------~~+ 

BITeS) MNEMONIC MEANING 

15-08 Unused. Read.1 zeros. 

07 1X ROY 

06 TX IE 

05-03 

02 MAIN'! 

01 

00 »tIT IRK. 

Transmitter Ready. This read-only ~it is 
cleared when XBUF il loaded an~ sets when 
X8tJF can receive another ch&rac~er. x.."C ?.=:: I 

iii let 1)y Pover -.t'p and 1),. BUI IN I'!' • 

Transmitter Interrup~ En~le. This 
rea~-write ~it is cleared ~? Power u= &r.~ 
1)1 Ius INIT. If 1)o~h TX ltDY· and 'I':-!: It ar! 
let •• proqram interrupt is reques~e~. 

Onused. Read as zeros. 

·Hain~enance. This read-write ~it is use~ 
to facilitate a ma1nten.s.nce self-t.!~. W~~~I 
HAINT il let. the ex~ernal serial inF~: !!I 
disconnected and the aerial output ~! U!.~I .1 the leri41 input. This bit is cleared ~~ 
Power Up andb,. Ius INIT. I 

Unused. Read as zero. 

Transmit Ireak. When this read-write bit I 

il let. the lerial output 1s forced to I 

the SPACE CONDITION. XMZT BR.,( 1s c:l.&re~ I 

1)1 Power Up and ))1 SUI IN IT • 

• I 
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11.2.4 Tra.nsmitterData Buffer (ntJF Address: 17 777 566) 

XBOF bits <15-08) are not used. XBOF bitl <7-0> are write-only 
bits used to load the tranlmitted character. 

11.3 Additional Specifications 

Interr~pt Vectors, 060 Receiver 
064 Transmitter 

Interrupt Priority: BR4 

11.4 Break Response 

The XCJ11-B Console Serial tine Unit may be cQnfiiUred either 
to perform .. halt operation or to have no response when a 
break condition is received. A halt operation will cause th~ 
processor to halt and enter the octal debuqqinq technique 
(OOT) microcode. The Halt on Break Option is selected via bit 01 
of the Boot and Diaqnostic Controller Status Re~ister. Ourinq 
power up, this bit is loaded from the Confiquration Data by the 
Boot ane Diaqnost1c ROM proqrams. For more information, refer to 
sections 9.1.1 anQ 9.4) 

The OtART recoqnizes a break condition at the end of & recei~e~ 
character for Vhic~ the serial data input remained in the SPAC! 
condition for all 11 bit times. The Break Recoqnition line rem&!~! 
asserted until the lerial Qata input returns to the HARK eond1t1~~. 
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~PENDIX 1 - KOJll-A Base Instruction Set 

J:)c~le Operanc:l Am) lIS I HOV 
Inltr'Uct1.onl ASH lIT HOV! 

ASHC BID HUt 
lIe CHP SOB 
BleB CHPI XOR 

• lIS DIY 

S1nqle Operand AlX DEC 'ROR 
Instructions AlXI OECI ROR! 

ASI. INC SIC 
uti INCI SIC'! 
AIR HFPS SHU 
AIR! KorPS SX'l' 
ctR NEG TST 
CLRB NEGI TSn 
COM ROI. 
COM! ROI.l 

C': Branch Instructions ICC/IMIS aMI BNE 
SCS/ltO ILE IPt 

j 

BEQ BLOS BP. 
BGE Itl' Bve 
BCT !HI BVS 

Jump anc1 S~rout ine CSM JSR RTS 
Instructions JHP MARX SO! 

Trap ar.c1 Interrupt BPl' lOT R'rI' 
Ins~ructions EM:' It'1'I TRAP 

Miscellaneous HALT HF'PT RES£: 
Instructions HFPD tm'D sPt 

MFPI HTPI WAI': 

Conc1ition Coc1e cec c:r.Z SEN 
Operators c:r.C HOP SEV 

CLH SCC se 
ctv SEC 

Multiprocessor TSTSE'l' WR'l'tCK 
Instr'Uct1ons 

C 

f. , 
",.'I",'I·ooooI:tH. 

, ~·9 
~":'-.1 
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. PENDIX 2 - KDJll-A Floatinq Point Instruction Set 

FloatinqPoint 
Instruction. 

ABSI) 
ABSF 
ADDD 
MJDF 
CFCC 
cr..RD 
CI.RF 

. CHPt) 

CMPF 
DIVD 
DlV!' 
tDCDF 
LOCFD 
tDClD 

. LDCIF 
tDCLI)' 

LDCtF 
IJ)J) 
IJ)EXP . 
·LDF 
tm'PS 
"ODD· 
HODF 
HUIJ) . 
MOtF . 

. HECI) 
NEGF 
SETD Sm- . 
SE'l'l 
SErt 
STCDF 

S'l'CDI 
S'l'CDL 
STCFD 
S'l'CFl 
S'l'CFt 
Sl'O 
S'l'EXP 
S'l'F 
S'l'FPS 
STST 
SUBO 
SUBF 
TS'l'D 
TS'l'F 

. . 



.PPENDIX 3 - I&se Instruction T1minq 

:eferto IXJ 11 M1cropocellor Uler' I Gu1c1e 
Documentation Number EK-OCJll-UG) 

-
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PENOIX 4 - Inte~ra1 Float1nq Point Instru~t1on T1mini 

e!er to DC1 11 M1~ropo~essor Oser'. Guide 
DocumentAtion Number EK-OCJ11-OC> 

•.. ----

r 
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PENDIX 5 

KOJll-B MODULE PIN ASSIG~~S 

ROH A RON B ROW C ROH I) 

---------------1----------------1----------------1----------------PDf IIAME PIli KAME PIlI lAME PIli HAME 
-~---~~--------I.----------------I----------------I~------------~--AU ImQ S LBAl II)COX Ii CAl lOT USED DAl NOT OSEO 
All IIR06 t BBl BPOX H ell PSSEt It DBl .wtS'I'! L 
ACl 1DAt16 t Bel 10At18 It eCl SRUN t DCl PBYT L 
AOl BOAt17 t BDl BOAt19 t CDl PU!HEM t DOl Pt-t.AP!: L 
AEl 1I0T OSEO BEl BDAL20 L CEl PICYC t DEl NOT OS~ 
AFl SRON L BFl BOAt2l t CFl PUBSYS L DFl NOT OSED 
AHl HOT USED IHl lOOT EN L CHl PHBPAR t DHl NOT US~ 
ATl GND BJl GND -CJl PSBFUt L 001 NOT USED 
AXl HOT .USED IKl HOT OSEO CXl PLIPAR L DKl NOT OS£!j 
ALl NOT OSED ILl NOT OSED eLl NOT OSEO DLl NOT OS!!) 
AMl GND 8Ml GND CMl pJU)sn L DMl NOT USC 
ANl IOHR L INl BSACK L CNl HOT'OSED DNl CONSOLE LOCK ~ 
APl BHAtT L SPl BIRO' L CPl PBtKH L OP1 NOT OS~ 
ARl BREF L BR1!EVENT L CRl PISY t ORl NOT USEIj 
ASl IIOT USED ISl NOT USED CSl NOT OSEO DSl NOT US~ 
A1'1 GND BTl GND C'l'l GND OXl GND 
AUl :"1 SV SUl NOT USED CUl NOT OSED DUl NO'! TJS~ 
AVl 110'1' OSED IV1· .SV CVl PU!TMO t DVl NO'! OS:f::i 

AA2 +SV SA2 +5V CA2 +SV DA2 +SV 
A!2 NOT OSED B!2 NOT OSEl) CB2 NOT OSEe 012 NOT OS~ 
AC2 GND BC2 GND ce2 GND DC2 CiND 
AD2 +12V !D2 +12V CD2 NOT USE!) D02 NO'! US!::' 
AE2 BDOO'!' t BE2 BOAL2t CE2 NOT USED DE2. NOT 0::=0 
AE2 BRPLY L BF2 IDAt3 t CF2 HOT USED DF2 tIO'! US::::' 
Ali: BDIN L BH2 BDAL4t CH2 HOT OSED OH2 NOT OSO 
AJ2 BSYNe t BJ2 BDAtSt CJ2 NOT OSED DJ2 NOT US~ 
AK2 IwnT t BJ<2 BDAt6t CX2 ROT USED DK2 NOT US~ 
At2 BIR04 L IL2 BDAL7 t CL2 NOT OSED DL2 NOT OSE:O 
AM2 NOT OSED BM2 BDAtS t CH2 NOT USED DH2 NOT USC 
AN2 IIAKO t 1N2 BOAt9 t eN2 NOT USED DN2 NOT USED 
AP2 IBS7 t SP2 BDAL10 L CP2 NOT USED DP2 NOT US~ 
AR2 NOT OSED SR2 IL}.t11 L CR2 NOT USED DR2 NOT USED 
AS2 BDHCiO L IS2 BOAt12 t CS2 NOT USED CS2 NOT USED 
AT2 IINIT t BT2 BDAtl] t C'l'2 NOT USED ·m"" ... NOT US~ 
A02 IDALO L 102 BDAt14 t CO2 NOT USED D02 NOT USElj 
AVi, SOAtl to BV2 IDAtlS t CV2 NOT OSED DV2 NO'!' U!E::j 

---
."'-O'2"·'.-OOOOlHeI 7.3' --
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PENDIX 6 

The !ollo~1nq is the jumper .ummary for the XDJll-B 

FUNCTION 
-----------I-----------------------------~------------------------.. -MlO (~) When IN. connect. 614.4KHZ en ~o&r~ OSC. to SLUe 

When OUT. StU input. external OSC., 

H2O (.) When IN KOJll-B 1. in 11nqle processor mo~e. 
When OUT KOJll-B is' 1n.ault1processor slave mode. 

"40 (~) when 2K EEPROM is use~, TP40 conneete4 to TP41. 
When ex EEPROM is used, TP41 eonneete4 to TP42. 

(.) • Manu!aetur1nq conf19Ured 
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PENDIK 7 - POP-11 Proqramm1ni Differences 
• 

efer to OCJ 11 H1eropocessor O.er'. Gui4e 
Documentation Number EK-OCJll-UG) 

7.s- -
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PL~!K 8 - Console Comman~s 

efer to DCJ 11 M1eropoeessor User'. Cui~e 
Documentation Number EX-OCJ11-UG) 

• 
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PENDIK 9 - Micro-ODT Ditferences 

efer to DCJ 11 Micrcpocelsor Uler'. Guide 
Documentation Number EK~OCJ11-UG) 

-

-
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'.PP£NDIX 10 - System Differenees 

,efer te DCJ 11 H1crepoceslor User'. Guide 
Ooeument&t1onNumber EK-DCJ11-UC) 
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