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Lo A EXEGUTES INSTRUCTIONS.
B. PROVIDES ALL PROCESSOR CLOCKS.

C. HANDLES INTERRUPTS. . -
D. GENERATES A VIRTUAL MEMORY ADDRESS TO THE M BOX. £
E. GENERATES 1/0 COMMANDS TO DEVICES. o
F. PROVIDES A METER WHICH KEEPS TRACK OF SYSTEM

- PERFORMANCE. . |
G, SEQUENCES INSTRUCTIONS.

..~ H. PROVIDES A DATA PATH BETWEEN THE DTE-20 AND
KL MEMORY. | -

[, CONTAINS DIAGNOSTIC HARDWARE TO HELP THE 11/40
. ISOLATE MALFUNCTIONS IN THE E BOX, |
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DRAM
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TABLE . LoGIC

v SIGNALS
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ADPRESS CRAM ADR MIXER
JCcRrRA

IF[AR#:2=7] Y

THEN [DRADR @:2=1R@:2

AND TE(IR 3:¢=2)

AND

THEN ( DR ADR 3:5=1R7:9)

ELSE(DRADR 3.5=7)

DRADR 6:2=IRIZ:12_]

Mzcro FroGerAM
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DISPATCH RAM (DRAM) WORD FORMAT

W
nZax 0erd

DRAM word found

on M8522 module

in Slot 45.

DRAM A

Bit Functions

DRAM B

Bit Functions

A B P J

1 20 12|pl12 3 4]s56}78 9 10

Bits 5 & 6

always zero

0 Immediate

1 Immediate -~ Prefetch

2 Not Used

3 Write Test

4 Read

5 Read - Prefetch

6 - Read - Write (separate cycles)

7 Read - Pause - Write

B Store 0, 1, 2 BO Inverts SJC Tests

1 Double AC 0IFcry 0 = 0, PC SKIP

2 Double both l1IFCry 0 = 1, PC SKIP

3 Self

5 AC

6 Memory B/Skip/Jump/Comp

7 Both

0 SJC L, E

B -1 -2 Flt Store 1 SJC E

2 SJcC L

1 AC 3 SJC Never

2 Memory 4 sJC G

3 Both 5 SJC NOT £EQank

6 sSJcC G, E

7 SJC Always

Cannot use B & B-1l-2 simultaneously

Can use B & BO together

E /€



A FIELD

MICROCO?F BASE ADDRESS
(cRAm47

MICRO WORD POSITION |0 ! 2 3 4 5 6 7| 8 S 10 |11
STGNAL NAME Bl J00 190 { 9021303 f304 | 305|306 [307 |08 | 305 | 310MODULE SLOT NUMBER | =G5 50 50 ‘50 44 44 44 44 42 42 42 42MODULE PIN NUMBER =R pvo CK2 { BP2 | ED2| pv2| ck2|BP2 | ED2 Dv2 | cx2 | BP2
CRAM PHYSICAL BIT 05 06 07 08 09 10 11 12 13 | 14 | 15

MoDfg. B Somé

Box )7

& /-7



MICROWORD POSITION

SIGNAL NAME

'MODULE SLOT NUMBER

MODULE PIN NUMBER

'CRAM PHYSICAIL BIT

AD ADA/AD XA ADB/ADXB

CONTROLS ALU FUNCTIONS SELECTS AD A SELECTS AD B

12 13 14 15 16 17 18 19 20 21 22 23
CARRY In

cry | BooL| seEL8| serL4| sen2| seni| p1s | ser2| seri| N.u.|sen2 | sen1

42 50 52 | 52 52 52 50 50 50 44 42

cF2 | ES2 | ES2 gp2 | CJI2 Brl| Ep2 [CJ2 | BF1 ES2 | gg2-

74 24 20 21 22 23 25 26 27 28 32

| 0

ARITHMETIC FUNCTIONS 0 AR -

00 A+ XCRY ‘Ol A +AND cB| ! ARX 1 BR*2
03 A*2 02 A + AND § MQ 2 BR*4
06 A + B 44 OR + 1 PC 3 AR
11 A-B -1 ——

17 a-1 05 OR + AND CH .. .. . eloc
40 A + 1 07 A + OR BIT nLE A/ s
43 A*2 + 1 52 AND + OR cy H»DXA ENABL “HeTe g
46 A + B + 1 53 A + OR CB

50 OR CB + 1 2' g?
S1 A - B 15 AND CB - 1 S
54 X CRY - 1 16 AND - 1

17 A -1

L0t
Ai

zoo“ BOOLEAN FUNCTIONS

20 SET CA 31 XOR

21 OR C (mwz) 32 B

22 OR CA 33 OR

23 1's 34 0's

24 AND C (~2R) 35 AND CB
25 SET CB 36 AND

26 EQV 37 A

27 OR CB

30 AND CA

CARRY FUNCTIONS

36 CRY O IF ASB # 0

37 GEN CRY O IF A # 0

60 GEN CRY O IF A = 1's

71 CRY 0 IF A GE B vwsi,,. .,

SEC Ko Mmalre Goipr
/m,, -~

‘. fe.

-

/5§0&/%’J7

& /-8

Le Frve 7



MICROWORD POSITION

SIGNAL NAME

_MODULE SLOT NUMBER

MODULE PIN NUMBER

"CRAM PHYSICAL BIT

C FIELD

m Broc K

AR/ARM ARX/ARXM BR BRX MO FM ADR

oo | 25 | 26 | 27} 28| 29| 30| 31| 32| 33| 34| 35 |

seEL4] sEr2| SELl | SEL4 | SEL2 | SEL1 |LOAD | LOAD| SEL 4 2 1

50 | 50 50 40 44 44 42 42 | 40 40 40 40

FK2 | DR2 CF2 |lpg? pr2| cr2| FP2 | AR2 | ED2 | FP2 | FK2 | AR2

45 64 66 36 68 70 52 54 16 56 57 58

0 0 0

ARMM IF 1 CACHE 0 ACO
SPEC 22 2 AD 1 1 1 1 ACl

1 CACHE 3 MO AR ARX | SH 2 XR

2 AD 4 SH — 7 3 VMA

3 E BUS S ADX*2 [k pepE] T 4 AC2
4 SH 6 ADX IF SPEC/MQ SHIFT 5 AC3

TURRE~T

5 AD*2 7 ADX*.25 6 AC4 geoce “<

7 AD*.25 1 MQ*.25 S

MoprL B

(o = Ac w1

v, E 7= HET
IF COND/REG CTL

0 MQ SEL

1 MOM SEL

NPEE T gier D %

. Ve s s

Ao P RDA e

LA Pz 93 Mk

L Cuflr~7 Koo Ao

mo e, &

(_, C AR e T & acr /,-‘(,.
Vili

7 LLocia AroT> A

£ kA =17

& /-7



MICROWORD POSITION

SIGNAL NAME

MODULE SLOT NUMBER

MODULE PIN NUMBER

CRAM PHYSICAL BIT

D FIELD 71 /WVeR <o s fary

& -g

SCAD SCADA SCADB SC FE

- 36 37 38 39 40 41 | 42 43 | 44 45 46 47

4 2 1 pisl| serL2| SELl| N.U. | SEL2| SEL1| N.U. SEL2 |LOAD

52 52 52 52 52 52 52 52 52 50

pv2 | ck2 | Bp2 | ED2 | FP2 | FK2 AR2 | DR2 CF2 | ED2

01 Q2 03 00 40 41 42 60 62 04

o A 0 FE 0 SC sc | FE
1 A-B-1 1 ARO - 5 1 AR6-1] 1=1 1=

2 A+B 2 AR EXP 2 ARO-8 _ -
3 A-1 3 b 3 & SCAD SCADi;

4 A+lS A-B WITH 1
6 OR BIT 39 = 1 spec ||
7 AND ENABLES O's /[ BY7F 6m/7’£( 13,

FE

/ PYTE (B TER
PP s 

1 =

2. LAP 01-0%) Xok AR

<acoos SHIFT

W DD

MODE L L SaAmeE

4’éb§/§4“/8



MICROWORD POSITION

SIGNAL NAME

MODULE SLOT NUMBER

MODULE PIN NUMBER

CRAM PHYSICAL BIT

E FIELD

SH/ARMM VMA TIME MEMORY

48 49 50 51 52 53 54 55 S6 57 58 59

N.U.| sEL2! sEL1 | N.U. | SEL2 | SEL1 | TOO | TOl 00 | ol 02 03

50 50 50 42 40 40 44 44 44 | 44
=

AR2 AV2 FP2 | DR2 | DR2 crF2| FP2| FK2 | AR2 | AV2 |

46 47 44 72| 76 78 48 49 50 51

SH FIELD
2 ZMA 0 2T 0 NO OP

C

0 SHIFT AR,ARX s o+l » O 1 ARL IND
1 AR 2 4T 2 MB WAIT

3 AD 3 5T 3 SEC O
2 ARX I

3 AR SWAP O- s 4 A READ
I i 5 B WRITE

;;;fiwé A0 6 FETCH

D= vy 7 REG FUNCTION

ARMM FIELD

0 ARO-8¢

1 AR1-84AR0

EXMCAD B oL o —”%” Mc e /.E?OI"' .

2 ARQO-8€SCAD IF X ADD IF NOT X ADDR
EXDéSCAD ADDR
ARO-54SCAD3 ¢ 10 AD FUNCTION 10 A IND
POS&SCAD .

11 EA CALCULATION 11 BYTE IND

12 LOAD AR 12 LOAD AR

2 13 LOAD ARX 13 LOAD ARX

MoDE L 14 READ-WRITE 14 AD FUNCTION

Vmax FiecD 15 READ-PAUSE- 15 BYTE READ

O- Vmax WRITE 16 WRITE

| PC sEC 16.. WRITE 17 READ-PAUSE-

2 MPrv S€c 17 IFET WRITE

¥ ADI2L-17 Meoedro

E.ép)c/flf/%

E -l

e N

3- fesgpre Vrisd

/D - AP FeInve 7 re

10~ E7 cALL

13- A

16- Wi TE )

17" L/ C onr D, f-’GT'cfi/

15- REaD- FRUSE ~ o,

/%- “/Pf"‘}D JEsT VWA rd 204



F FIELD

e

COND /V‘\ogi/ SPEC

MICROWORD POSTIION 60 | 61 62 63 64 65 66 67 68 69 70 7

SIGNAL NAME 00 01l 02 03 04 05 | N.u. | 0O 01 02 03 04

MODULE SLOT NUMBER 40 40 40 42 42 40 45 45 45 45 45

MODULE PIN NUMBER pv2| ck2| BP2 | FK2| AV2| AV2 DM2 pr2 | EFl1{ EM2 | ES2

CRAM PHYSICAL BIT 17 | 18 19 53| 55 59 ' 91 92 93. 94 95
bl= ChLl FumeTron

NON-SKIP FUNCT. SKIP FUNCT. DISPATCHES
MOF Y A EASAE ATTa 5

0 NOOP 40 SPARE o aE SURSSES
1 LD AR 0-8 41 EVEN PAR A 0 DIAG

2 LD AR 9-17 42 BR O 70 sracx 1 DRAM J

3 LD AR 18-35 43 ARX O vPYATE 2 DRAM A READ

4 AR CLR 44 AR 18 3 RETURN

5 ARX CLR 45 AR O 4 PG FAIL

6 ARL IND S§€ & 77€:2 46 AC # O 5 SR

7 REG CTL 47 sSC O 6 NICOND

10 FM WRITE 50 SC LT 36 7 SH 0-3

11 PCF&~# 51 SCAD O 30 MUL

12 FE SHRT 52 SCAD # O 31 DIV

13 AD FLAGS 53 ADX O 32 SIGNS

14 LOAD IR 54 AD CRY O 33 DRAM B

15 SPEC INSTR 55 AD O ' 34 BYTE

16 SRé=# 56 AD # O 35 NORM

17 SEL VMA 57 SPARE 36 EA MOC

20 DIAG FUNC 60 FETCH 37 EA TYPE

21 EBOX STATE 61 KERNEL

22 EBUS CTL 62 USER NON-DISPATCHES
23 MBOX CTL . 63 PUBLIC

24 SPARE 64 RPW REF 10 NO OP

25 SPARE . 65 PI CYCLE 11 INH CRY 18

26 SPARE 66 -EBUS GRANT 12 MQ SHIFT

27 SPARE 67 -EBUS XFER 13 SCM ALT

30 VMA &= # 70 INTRPT 14 CLR FPD

31 VMA &= #+TRAP 71 -START 15 LD PC

32 VMAg== #+MODE 72 RUN 16 XCRY AR O

33 YMA €= #+AR32-35 73 I/0 LEGAL 17 GEN CRY 18

34 VMA g #+PI*2 74 P'S XCT 20 SEC HOLD

35 VMA DEC 75 EBOX PF 21 CALL

36 VMA INC 76 AC REF 22 ARL IND S£# & Fesl
37 LD VMA HELD 77 -MTR REQ 23 MTR CTL

moper £ ig SAVE FLAGSSAVE

Z’_Z : ‘/j:”:;;i Ao 26 SP MEM CYCLE

e s seL O 27 AD LONG

2 Lomg £/ monee B UPpATE
IF XADR: 20 = STACK POINTER

21 = SrRNE

[K&)//?’/? E 1-12



G FIELD #1

MAGIC NUMBER FIELD

MACROWORD POSITION 72 73 74 75 76 77 78 79 80 81 82 83 |
Ul NUL L - o

SIGNAL NAME neen | usep | Mark | #00 | #01 | #02 | #03 | #04 | #05 | #06 | #07 | #0B

MODULE SLOT # 52 44 44 44 42 42 42 40 40 40

MODULE PIN # av2 | gp2 | ¢J2 | BFL | EP2 | CcJ2 | BF1 | EP2| CJ2 | BFl

CRAM PHYS BIT # 43 29 30 31 331 34 35 37 38 39

_ m 0Pes B |MLFaE |1 | USED TO ADDRESS FAST MEMORY

ENABLES REQUIRED |j-ca1i’

‘ ARO-B

1-LD LOAD

CLR ARL

1=ARR 11=ARR+MQ O=ARL

2=ARL 13=AR+MQ O=ARMM IF BIT 76

f-FrEeD 3=AR 14=ARX+MQ 1=CACHE

F Comp YEcons =6 4=ARX 16=ARL+ARX+MQ | 2=AD
, 6=ARL+ARX 3=EBUS

THé~ ARL IND 7=AR+ARX © * | 4=SH

;fi”’_ 10=MQ 17=AR+ARX+MQ | S=AD*2

A o=ADX
SPec 22 7=AD*.25
E FIlELP

MEmRY ]

AR CTL EXPT
) F Conv VecoDe =7 i 1=

1=ARR LOAD R —EKD -

THEN COND/REG CTL 2=AR9-17 LOAD - . ¥

4=AR@-8 LOAD '

6=ARL LOAD

MO CTL

e Cormp VECODE= 7 OSMQ
7HEX COND/REG CTL 1=MQ*2

AND = | 2=MQ*.5

MQ/MQ SEL =- THEN T 3=Q'S
I CF/QELQO g:7T 3% *o |

= N 0=SH

COND/REG CTL ;*’I“g*-zs
AND ! Rt =

T

MQ/MQM SEL vf// Ecide 3=AD

7.0

LU £ 1-13 -



G FIELD #2

MAGIC NUMBER FIELD

MICROWORD POSITION | 72 | 73 | 74 | 75 | 76 | 77 | 78 | 79 |80 | 81 | 82 | 83

SIGNAL NAME N8 | HREp | GRBY lsoo lwo1 l#o2 |#03 |#oa [#0s5 [#o6 |#07 |08

MODULE SLOT # 52 | aa |44 | a4 |42 [ 42 | a2 |40 | a0 | a0

MODULE PIN # av2 |ep2 |CJ2 |Brl |EP2 |CJ2 |BFl1 |EP2 |{CJ2 |BFl

CRAM PHYS BIT # a3 {29 |30 |31 |33 | 3a |35 |37 [ 38 | 39

Fofquo /F COND/PCF-#
Drcove |/

F-Fi1€LD~ }F SPEC/FLG CTL

Forx JRST
DE co Df

F-F1ELD -/FCOND/SPEC INSTR

DEcoOoPE 15

[ -fi#e s /7MEM/FETCH
Prco e b

F-F/#40- /F SPEC/SP MEM CYCLE

De ooz Lo

F-FlEL= /7~ MEM/REG FUNC
L c 0l 7

/flgwg/h~'l/

PC FLAGS

20=TRAP 1 424 DIV CHK

40=TRAP 2 620 FLOV

100=FPD 624 FDV CHK

420=AROV 630 FXU

FLAG CTL

20=SET FLAGS 502 PI DISMISS

412=PORTAL 602 JFCL

420=RSTR FLAGS 622 JFCL+LD FLAGS

442=HALT

SPEC INSTR

4=INSTR ABORT

10=INTRPT INH

100=INH PC+1l

200=KERNEL CYCLE

101=UNPAGED EXEC

10=CONT 302=HALT RUN FLOP

20=PXCT 310=CONS XCT

40=SXCT 704=SET PI CYCLE

o FETCH : . -

201=COMP " 400=UNCONO

202=SKIP . 502=JuMP

203=TEST “%03=JFCL

SP MEM

1=PAGING INH

2=CACHE _INH 111=EPT

10=EPT EN 200=USER

20=UPT EN 221=UPT

31=PT 400=FETCH

40=SECH 431=PT FETCH

100=EXEC 511=EPT FETCH

621=UPT FETCH

MREG FUNC

40 7=SBUS DIAG

140=MAP

502=READ UBR

503=READ EBR

504=READ ERA

505=WR REFILL FAM

601=LOAD CCA

602=LOAD UBR

603=LOAD EBR

Mops B

bo06= LonD CCA

E /-149



G FIELD #3

MAGIC NUMBER FIELD

MICROWORD POSITION 22 73 74 75 76 77 78 79 |80 81 82 83

SIGNAL NAME NOEo | NOFn |GRBY lsoo l#or [#02 [#03 [#04 [#os [#oe |[#07 |wos

MODULE SLOT # 52 44 44 44 | 42 42 42 40 40 40

MODULE PIN # av2 |ep2 [|CJ2 |BF1 *EPZ CJ2 |BFl |(EP2 |CJ2 |BFl

CRAM PHYS BIT # 43 29 30 31 33 34 35 37 .38 39

' MBOX CTL

- 00 NORMAL 21 CLR PT LINE

Fffigz.fi*/{coND/MBox‘ CTL 01 PT DIR CLR 100 SET I/0 PF ERR

Vecove23

/4445A9~»AECOND/EBUS CTL

Pecope T4

F- F1£4D =) COND/DIAG FUNC

Ly coDE 20

F-Fiée©- [ £ SPEC/MTR CTL
e cops 23

, 7.

/V?é"@x//?" : £ -5

1

2

O PT WR

O PT DIR WR

200 SET PAGE FAIL

20=EBUS NO DEMAND

EBUS CTL

=REL EEBUS .,. 26 DATA.O,

1=INPUT 27 DATA I
2=DATA I/0 30 I/0 INIT

4=DISABLE CS 60 EBUS DEMAND

10=CTL «IR 100 REL EBUS

400 GRAB EBUS

200 REQ EBUS

- DIAG FUNC .-- .

400 .5 uSEC o 511 DATAI PAG (L)

404 LD PA LEFT _ 511 RD PERF CNT

405 LD PA RIGHT -~ 512 CONI APR (I)'7

406 CONO MTR 512 RD EBOX CNT

407 CONO TIM 513 DATAI APR

414 CONO APR 513 RD CACHE CNT

415 CONO PI 514 RD INTRVL

416 CONO PAG 515 RD PERIOD

417 DATAO APR 516 CONI MTR

425 LD AC BLKS 517 RD MTR REQ

426 LD PCS+CWSX 530 CONI PI (PAR)

500 CONI PI (R) 531 CONI PAG

501 CONI PI (L) 567 RD EBUS REG

510 CONI APR (R) 620 DATAO PAG

510 RD TIME

METER FUNCTIONS

0 CLR TIM 4 LD *PA LH

1 CLR PERF 5 LD"PA RH
2 CLR E CNT 6 CONO MTR

3 CLR M CNT 7 CONO TIM



. MICROPROGRAM FLOWCHART REVISION 126

(GENERALIZED)

VMA €&AR(13:3%
A0l

VMA < PC FLAGS €~AR(00

INSTRUCTION [

A3l &

a04 4 FETCH : — ml262 |

i INSTRUCTION | TAKE )

; 'METER :
MB WAIT "INTERRUPT

a1227 wlles |

i METER REQUEST | |PI DONE
HANDLER

L

a7l i i
Mia]

|

NO OP i



{ICROWORD POSITION

“IGNAL NAME

‘ODULE SLOT #

DDULE PIN #

‘RAM PHYS BIT ¢

G FIELD #4

MI\G&C NUMBER FIELD [
12 73 74 75 76 77 78 79 30 81 B2 83

1980 | NSED |GRAR lsoo lwor |#o2 |#o3 |#oa [#os [soe |#o7 |#os .
52 44 44 44 42 42 42 40 40 40

~ av2 |EP2 |Ccu2 ([BFl |EP2 |CU2 |BF1 |EP2 |Cu2 |BFl

) 43 29 | 30 31 33 34 35 37 38 39

MoPece B owey

2 3 = Jusr AeF

3 3 = K <erDPHFHF

MEM/EA CALC £Q CALc

' 4o0= Logp AR 20 =FPReV £
200= LOADY ARX (0 = /IMOIRE<T

100 = PRUSE 2= £4
O4o0 - Epyv WATE / = Srick

620 = Byre AD 221 = /%€ ARX
| &/0 = BYre /VD 625 FPoP AR-ARX
| a4! = Psy 42= WA (F)

£2/ = forpe Qo2 = &D AR (ER)

440 = LD AR+ WK
240 = LD ALK +W

W X ADDR (/Mx) o

230 =« A VD

GLio = A wp

INDFARECT A7 Isr FA CALe Time To &7—,,

AR AvD ARX As xn Moper A



NICOND

.-

EVAL. HDWE. CQNDITIONS

1

- XCTGO

INSTR. IN A

. AND IR..PC HAS

| ADDRES

,u16Q=ulfi3“I o |
Aale0 - NO MOD

COMPEA M161 - INDEXED
Al62 - INDIRECT

MAl63 ~ INDEXED &

INDIRECT

YES ,//EQTERRUP NO

ulsl e

TAKE ' A READ
INTERRUPT

A

DRAM J

EXECUTOR

....... Vo

B STORE

TERMINATION

;'.u42-47 IF

+ DRAM A=2-7

' DRAM A=0,1;

' DRAM J



LOCATION INSTRUCTION

INSTRUCTION LOADS «—PC MOVE 3 (D 200 (1) 300+:000000,000100 100171717 111184 12000000,000100
INTO ARX, IR RESULT« 3w— 174717,1

FULL MACHINE CYCLE
— ) .

o ) ':":"-1'// /'/ // 7 PNICOND €A MOOD | . -"/_,:,/’_r///"// /) EA MOD A READ DRAM 8 .| DRAM B NICONDDISPATCH DISPATCH | - -2/ (7l // DiSPATCH | DISPATCH | OISPATCH | DISPATCH | DISPATCHey g -’1’// /

A INDRCT |ARX =— MEM A READ FETCH B WRITE

: : s Box M BOX
WAIT WAIT

EBOX EBOX
REQ 

REQ E80X REQ

T

LBOX EB80OX EBOX EBOX EBOX EBOX EBOX EBOX EBOX
CYCLE Cyli# | CYCLE CYCLE CYCLE CYCLE CYCLE CYCLE CYCLE

MBOX CYCLE MBOX CYCLE MBOX CYCLE

SEE NOTE 13

AH @+ AHX 
AR o— ARX|AD = ARX) + XK — 

+ XR 000000, BN

SEE NOTE o ) NOT USED | 000100 )
- SEE NOTE 4 Lo

Y VMA= -AD, VMA VMAe AD; vMA MA eLATCHED, LATCHED;-] v LATCHED,000300 | 500300 000100 | “550100 PC

AR: |
000000. | ARTITITIT, 11

: 000100 |

INSTR IN ARX INDIRECT WORD
[cumiar, IN ARX* .
0002001 200000, 000100

VMA

NUTES. 
AD == PC41

® During MBOX waits EBOX SYNC remains

true until MBOX resp

3 MBOX cyctes are functional operatigns

whiCh are usad 1o descnibe memoary requests 
WHITE IN

at the § /M INTERFACE 
M

4 indening is performad sven though in this srample

ARK 14 .17 101 and wili ngt be used The EAMOD

13pQICh will cauve the next MICRO instruttion 1o P . EROX CYCLEL -
da Ihe correct step 69 ARX =-— AD;E e -x . e

5 AR=—- 000200+000100 * 000300 .
This is the [NDIRECT WORD ADDRESS FBOX - VARIABLE

TIMF BASE FOR CLOCK

EHOX CYCLES
R T

ke vARIABLE - £ROX
| ] SVNC

Basic Machine Cycle Overview

X*3I2NS + VARIABLE JLY

Y » VARIABLE DLY + 32NS *

10-1891

(Sheet 1)

E 1-18

EBOX



EBOX

200161, 000300
“l 

0O 89 2 9 12

IR
VMA

1000300 : * 
: .

' 

ORAM )ADB ADA 
ANDRESS

1
5-———-—______._

' 
. 

DRAN
f VMA aD \ BRI 4_] l ,/N 

_
. 

5,5 MOVEo 
VMA ADB 

VMA AnA 
f BRM 

BRXM BAX

' 

L T ]

TM

!

N 

DISPATCH

v 

CRAM ADR 09-10 RAM REGISTER

s 

CRAM
¢ | L — et __ADH

1 & : F M ARX14 - 17 
ADDRESS

iE | £ S -l M 3
N 
s

 -+ s
t

 - e s 
) 

AR 1 200161, 000200/ Afix 

CRAM

0 e ——ee 

compeAl Tea Mool | xcTeo

R r__-oooooo. 00010 | p— 

COMBERL_IEA MOO cTe
o 

ARM 
ARXM 

S compEa
CACHE DATA 09-3 ] 

! 

Y

T

 e——ee—— 

———— ]

+2
S

 D

M 
FM WRITE 

1 
J 

]

CONTROL CONTROL 

| 
1 7

J AD ADA Ap8 BRAX FM ADR DISP r CONTROL RamMEMOQRY - 
EA MOD REGISTER

ey XCTGO "OMPEA| A+B | aRx FM ARX XR 
oISCONTROL I

—

EXAMPLE: 3 200(n 
£ 50X CLOCK CAM* 300 70,100 
CLBOUCK =00 TINT 

CONTROL jChOCKDR
17¢,100

10-t993

: o0 M ¢, 00Xt awo'm

Instruction Cycle:

p2s =

E 1-19

NICOND DISPATCH - XCTGO



EBOX

200181,000300

Set Up

[
A e,

LK
R

E 1-22

and Make Indirect Word Request
o

}orwe . {j

] 0 89 12 9 12

IR l ”‘l |PC vMa / AD \ - L ! ac
/\.

0007300 . -

/ aoB \ { ADA \

000300 '00300 | 000000,000100 200161, 000200

BAX

[ VMA AD \ I l l ORAMHR 20016t,0002£]
: /N

. " { yMaA ADE \ { vMa ADA \ { \ aRXM A i)
; . CLK ml 3 ] .8 MOVE
I

N 
(HSPATCHN 

“AM REGISTER€ 
———y

£ 

- 

;

3 
"A 

r

E M 
ARN14-17

F I,

Mi SN L lAR | —]
A 

CRAM0 b = e - ——— e+ .

R 000000, 000MUO }1.5200, DOt . g MEM. 
0 ARM ARXM

CACHE DATA i 
ARX e00-35 

f INOLP| {'Em INDRCT

FM FM WRITE 
-

CONTROL CONTROL

REQ. ‘ AD ADA 08 ' ]J A 1 M
£q EMADR__DISP ME CONTAOL Rawm

P -' ”gy“";?."e" corfn INDRCT| A+8 ARY FM XR A IND RECISTER
£80X
READ CONTROL T ,

e -
SETUP FM CONTROL TO LOCK AT ARX 1417

fpox |clocxcAm)
€LOCK

CONTROL

H-1994



EBOX

- e 

Q 89 1 9 126710300 
j :

—_ ! 
IR : —] IC]

8 A

f o ! .. 
i

i 

. 
- 

A 
'

| I l
' l VMA AD A ) ' CRAM
: 

]

. | VMA ADB VMA ADA 
' Aol 

| |

" ! 

i 
S l 5 Mov;‘]

' |
N i 

' jT 1N CASE THE
J £ iNDIRECT REFERENCE J 

S —
& . S FROM FM 

1 ]

\NF i 
. |

4

¢
£ 

FM

l . S

J . “ IAR ARX3 2 lg, [;, l
R 00G0N0,000100 |1 

006000. bootoy crauGARBAGE lo- ARM ARXM i SO - --r
¥ 1 IMPEA lq_ayoo. INDLP! 

! SELECTED , L3P| 
BY M{s XFER

FM. FM WRITE 
'CONTROL [SETup kM CONTROL 

'
b CONTROL TO LOOK

g0 AT VM 32-3% 

. 
__‘

L o— | I 
9 AD___ ADA ADB FMADR wmeM ' 0isP 

N

) AT INORCT | INOLP | B anx FM | vma | ARXe > fEGISTME-
ONTROL

[ TS'IFVBCJ! ' R L .RESP ° 

'
IN | — ‘

. 

|

- CLOCK CRM ;f 

MOOX WAIT ngOOé‘K T~ -

(v HCLock] | eonTROLL | NOT Y6T SENERATED
(REsTamy | | BT aBUST TO BE

CLOCK])

198

MBox Responds To Indirect Reguest

E 1-2]



M
O
P
M
N
D
I
M
A
Z
—
 

T
 
N
0

EBOX

CRAM

COMPEA

—

"GARBAGE 0 a9 12-_ 1

1Rj200| 3
AD

) vma +8 /\ +A

000000, 000100000100 (ACO) J

:/_A-Ds \ Z a0a .\
"LATCHED" l

B (ACO) 000000, 060100

\ 

DRAMZ vMa Ap \ “I I
A

{ \ a 8VMA ADS VYMA ADA

B T L 5 I 5 i MOVE1

L Pe ] CRAM ADR
09-101+9

CRAM

e e+ ADR

e ] cONnTROL

ARX 4-1710 ‘-
¢ Fm ARX 1320 |

° " l ]AN Lfl)uooo.oomwl
A )
D

R !

) Lo ARN ARXM L —_

| ul IARFAD

TM FM WRITE

CONTROL CONTROL

[ |
AD ADA ADA FM ADR oise | ¢ SONTROL Riw

: REGISTERMEMORY JcomPea| a+B | aRx F XR Ea MODCYCLE INDLP:|CO M oISp

CONTROL. [

CLOCK

CONTROL

Address Calculation Continues

.

£S5 Oy AR Y4Y,

& 1-22

K CAMgaox JCLOLKCAM [

N1X4



M
O
P
N
I
M
4
Z
—
~
 
T
O

EBOX

9 120 -89 12

I ' I l IRIRVMA AD ’ AC
+A

TM
 
]

000000, 000100

l I ORAMVMA AD \ B8R

VMA ADA

[ | ‘

L J

CRAM ADR 08-10,09 o1

[ CAHOARM j l
e CONTROL

Fu

M 3 
.PR T SR — 

ar | 060000, 006190

2 TM2 | 000000, 000100

0 . ARM ARXM

.49

. 000000, 000100

FM FM WRITE

CONTROL CONTROL

AR - pEBOX REQ J AD ADA ___ADS MEm Oise| g CONTROL RAMMEMORY | COMPEA. ARX A READ REGISTERCYCLE |w- 0 A ARX | Gy A0 aRreap |ARED
EBOX READ | coNnTROL I

—~DHAM A+S E8Ox CL.OCK CAM

CLOCK

CONTROL

10-1590

——

A READ Dispatch Set Up Data Fetch

& ’{?"*;fl?“ a?“‘* 2/3

€ -2



M
O
P
M
N
D
I
M
A
Z
T
~
-
 
E
T
N
O

VMA WILL BE LOADED WITH

EBOX

MBox Responds With

L

= Roa~w - _<2 .

Data Word

&7

g /-24

Request s

5 89 12 9 12T PC+1 ON THE NEXT EBOX CLOCK l (" I ] IR

000100 |vma : * / AD \ aceVM
) A 

.

[ — Y 
.

/ ADS \ / ADA

PC+1

DRAMYMA AD \
B8R

41 
0000400, 000100

VMA 0B VMA -ADA 
J

[ oot|
JL P 1 ] CRAM ADR

00 -10

CRAM

ADR 1 ‘[
CONTROL

FM

IN CASE REF :" ,

IS YO FM . [oooooo.ooouofln L ]2 

A

)2 
' 1MNT, nnn

o f ARXM \ 
T 8 JoRAMCAGHE DATA 

10 ) MOVE00 - 38 5 l lwmre B

FM FM WRITE

CONTROL CONTROL

£BOX REQ 
‘=SN J AU ADA ADB CL] MEM ISP P M ADR CONTROL RAM

REGISTERCSH EBOX | MEMORY as: o ) FM AR FETCH | ORAM J VMA EosTETO ;) CYCLE

CONTROL T

- |

MBOX WAIT
[lN CLOCKJ EBOX CLOCK CRM

CLOCxX

CONTROL

[Cl.OCK 
10-1999

RESTARTS]



m
O
o
O
p
A
D
I
M
4
z
Z
-
 
0
O

EBOX

0 89 12 9 12

(RIR 3—\ 
AC

[ PC +1 VMA Z AD .
.. 

- 
-

\, ~ ORAM

VMa AD an[

f VMA Al8 5 { VMA ADA 
f 8

L 11 ]
]

cnm ACR8210 !———

12477, 10010
FM

M

3 3 3 17, mnA 20

R ]
0 

f ARXM 
| 

MEM 015P

M8 M .
WAIT [cOND ‘STAC

Fu FM WRITE 

.
CONTROL CONTROL

. 

AD ADA ‘ F 
M ISP 

'

'gonco 
2 208 M A0R M oS [ CONTROL RAM

:ssw:o' "(fy"":?_‘g’ MOVvE:]l STO |a excry] am 8Re2 | aco B WRITE| DRAM 8 REGISTERFOR FMm

DATA WR CONTROL T 
T._j

L-onm Bes 
£80X CLUCK CRM
CLOCK

CONTROL

10=-1401

E—— 

)Executor Set Up For Store Cycle

M4 -3~/

E 1-25



fS
~

m
M
O
P
M
I
M
—
A
Z
—

EBOX

——=NEXT INSTR COMMING IN

VMA

DRAM

—

Finish Store Cycle, Perform NICOND Dispatch

P

et Rl PO A——

VMA AD® VMA ADA

[77~ TTCRAMADR
07 :10

"CONDITIONS" ——ef CRAM
ADR +

CONTRGL .

. FM 
s; 

)

3 M| 17712, 1 3 lfi

A
5 2

H . 
'

. 0 ARM

_ i _Jru
i 

WRITE

N FM WRITE
CONTROL CONTROL

AD ADA__ 4DO__ MEM COND| Fm ADR Oisp| |
. 

- 

. 
CONTROL RAM

STAC. " X . mMa FM REGISTERveLE C.[ NEXT |a+xCRy waiT | write | ACO | NiconD o

CONTROL " L

t HOY CLOCR CHM . }
° CLOLR

CONTHUL

10-18132



0P~

“FATAL ERAOR"

QISMISS THE

INTERRUPT AND

TRY AN INSTR

FETCH, WHILE

WAITING FOR

THE APR INT.

" “NON PAGE
FAILURE ENTRY"

ENTRY FROM _
OTHER INSTRS

“ANY PAGE

FAULT ENTRY"

wn

PERFORM STATE REGISTER
DISPATCH. (STATE REGISTER
RANGE 0 « SR < 17)
INSTR ABORT: COPY STATES

CYCLE1,2) INTO

CYCLE 1 AND 2.

INH ADR BREAKS

OF ACTIVE TRAPS (TRAP

CORRESPONDING TRAP REQ
FLAGS THEN CLEAR TRAP

:

SR=0

Pt HANDLER

AR: 0:CLEARIT

GET ECL EBUS

“FORCE

S
 —————

D RELEASE"

Page Fail Handling (Shect 1 of 2)

WAIT FOR BUS
—'-———.—_.

" READ EBUS REG
ARX- PG;

CURRENT PC
PC+ VMA;

FAILING

VIRTUAL ADR

E 1-27

.-d;—

SR=1.2

T
CLEANUP

EXTENDED .
INSTRUCTIONS OR
BLT INSTRUCTION

L

10 1603

EBOX



EBOX

NOTE ¥ ) PHYSICAL ADDRESS .

21 2 3 &4 § 8§ 7 8 13 14 26 27 13 M 35

BRX~—0OLD PC: 
PHYSICALY QuapL4RX) PAGE « WORD WORDARX:- PF WORD ]

SEE

NOTE 1 PAGED REF mwee

AR-RG; vMA oY CACHE EBOX REPLACES BITS
1326 WITH VMA 1326[ PY MgLIe FOR 1080 BIT 1320
8175 14.26 CONTAINRELEASE THE AF HALD 06 ~nd THE VIATUAL PAGE »ECL EBUS o _J OF THE FAULTING

1 
PAGE.

9

—p——

SEE PF WORD | || COMBINE *NOTE 1, 81TS ORIGINAL PF PF HOLD01 —
12.26 OF THE WORD WITH BITS . .

iy 13.26 OF VMA (1TT R——

REPLACED BY VAITH THE
13.26 OF VA ADIUSTED WORD

IN AR

F LOAD VMA WITH

PROCESS TABLE

ADR 500

I UPT REF, READ
1 

NEW PC WORDUPT REF, STORE 
FROM PROCESS

PF WORD IN 
TABLE LOCATIONPAOCESS TABLE 
UVBR+502

LOCATION

UNA+500

MBOX WAIT - 1 EBOX REQUEST NBOX WAIT -1 - EBOX REQUESTAR: QLD PC WORD . WRATE STATERea D <READ~

ENAaLE vmA MBOX RESP MOBX RESPINPUT FROM 501 
=T=

£BOX MODE SETgt;':é':,':,:%n,i ACCORDING TO - .
PROCESS TABLE 

NEW PC WORD )LOCATION 

817S 05,06,07.UBR*501 PERFORM INSTR
T MBOX WAIT-0 

FETCH FROM
L —*l 

NEW PC

MBOX WAIT~1 ESOX REQUEST

ENABLE VMA “WRITE:-

INPUT F ROM 502 MBOX RESP 
SEE

—— . 
NOTE 2MBOX WAIT. 0 T .

NOTE 2:
STAAT IS THE INITIAL ENTRY

POINT FOR THE MICRO PROGRAM

THE AR = FLAGS, PC

THE VMA+ AR

10 1604

S

Page Fail Handling (Sheet 2 of 2)

E 23



KL cp -z

CLOCK CONTROL
SIMPLLFIED(?)

| 
CLKce N2 2 MHz ) o CLK S5&MHz Frec ,\ SELECTED| <11 J ' L25MHz]

. 2 - CLk 25 MHZ FReE 1

C S_Z ISG MHz I__ 1 ‘:'. | CLK12.§ Muz 2 \__J

1 Tramns f ?zkgmb 37 \ciLk 2+c 552 EXTE RNAL | [r—b RE *K - Raw Selzcred
’h :" CLock | L1 b t go '
- ) \ | _I.D ibl—f__
N | CROBAR |
0 

: dc

\ —
CLOCK SOURCE [1 2 | _ ' CLOCKRATEI 1] z]
REGISTER e SELECT REG

Y T cR
Norkmar Oreravion 1s CSO ¢ Cr |



D
E
~
}
 2

T
M

.
Y
< h

’ EBUS PIGD & ’
— FPLY b REQ -7

PLY SYS LR

PLL ACTIVE o;/irf ‘:‘“ z;£
]

FF

‘— ¥
PIL 5 —— —4 PION COND
PN ) PILON 1-7 REG | P14 ow cET D:I | ol (rap PE

1-2 PI4 oM CLR (oot
4 ' 3 EBUS DPUY-DIS E

PRI [
RER ELUs D11-DITE
REG <Je

: PI GEN

) GeN 1-7 Rt | pry cenar

PIY GEN SET

Lono P DelobD&e %
opr | Leus LECCLE.

git 22 AL ] PI¥ genvcime

Bitr 23 a5 PI4 SYSCLR MB532 __J
Bit 24 [/ I P14 GENSLT

eir 25 b7 P14 On SeT

PIT 20 08 Pt4 on CLR

Bit 27 a9 Prd OFF
Bir 28 A PLd ON

err 29 11 SLULECTED CHAN.
£ AFTELTED BY

, BITS &4, B6-08 .
Bir 32 11 61T 1 SLLLCTS (AN ,ETC -

PT SYSTEM NITIALIZATIOM

—
 
>

P1 SYSITa IMITINIZATIiON

L

2,

J -

CPU COMOLS THE PT SYSTE/
MROVvew THE W

TUE 1tMneATE PokTIONOF THE
Covo r(1X-25)15 MUAMED o0

TMME £605 (00-17),

WHEN THE PL moDULE RECELIvES

Chba oNo PL fRom THE EE£OX

1T Will DECODE E8US Mi-1g A5
SinwWd IV THE COND AT DECODe

TALLE .

MTMME PT 6N KEtr WILL SPC W
WHICA CHAVNCLS (1-7) il
CL AlloieD b INIE PLUPT

TIE SYCTEM.., PT 00 LT

WLl LoAD THE SELECTED
ChvmLIFS reom BiTs 14 -17
AT (ovo PT TIME

WHERN A PIH IDREG 1-7 SIGNAL.
(INTRLAD IS ACTIVE, IF 1S
COLA(SPoDING CHAL # 1€ ON

v THE P O BLLr AND PIL
ACTIVE 1S PRESERT, THE 1WVT
CHARN¥ Ll Z& LOADED 1NTD

THE PRI REQ Ceélr SO THE INT
A Cé ProrésSeD.

NOTICE THAT CHAN &4 1S Nof
AFFe(TED EY THIS.

6. SOFTWARE CArs CEPCLATE
INTERRUPTS VIA THE PT ;
GéEN REL. AS LONEG- AS :

PLi ACTIVE IS PLESENT.

P <svSren SH Lor ¥



EBUS Prad E

ProN1-7

Pr actwvi
PIY IO REQ LT,

E£BUS PICL-BTE

Cm FroL- é7

1
€~
 
2

DECOVER DECOnER
T
REG .Ty 2 <D APR MR INT slen N MTR VECTOR WT LT

suwe( JU 9
cor pEERLOAR 1 TR CLR PL O (3245) L_eraam masz:y

E > PL3 AP PIA #.2.1
CLK |~+texA

PIL WAIT b4 R, [+ CGice O1 | aCiKC 1EAN HowbR INTELNALL EOUS vreR l
LD RIE TS ’

P15 TesT4 CLLE L »CIXE | TM -

Tuilo 1 G RAETINY —;D_ TTTL eevs vuz
O APLEEI Lol

PI HOLD -7

P11 PIR 8-7 3 | Tl
- TIAS+ T4 4 PT HOLD

“O AeLeot mses | priority Rones Wskemte
> ENCOVER, Ecooen DELOOER [—r g

, N €Ys DEMAUD |

i

. 4 S con ex msmss—1 DAL £ale
FIL 2:Q@ | r (hseenp S‘]}lflh) 8

- [ sEPIS TesT PIL PIHZ-L P et -7

*I2 PL CN (B 04) v Keaser v Y FIFS] ceus Das-15

TNEBXHALTD | (O rouser ai— ; LS - TIM3
P12 <EL FaY £ 4. .

MeR EBUS " 0b-25<O IR 3I-b —» e
5 R |nawy 

9
=T [ A

(3] —~TIng P12 P1u-2.1 i 7 EBUS CSdY-0b
<=2 :;mm; S IR 1-8.9 | &N [3 @
kea. — Timb—» PL RV

ped PLal EvecL1o6 Comp mb@iflutu with
L

HonokIdG THE INTEREIFT

I.Q THE FL SvSTEM WAS CEen IITIALIED
ANO ALLLHAMKELS CAN INICT RVPT -

Z. THE PT REQUEST Re&- wiL WAD ALL PL
REQUESTING CHANNLL B's unew ko
WITH PLIS LOAD, WHI(H IS ACTIVE WHEN

P SYSTEM 1S NOT FPRUCESSING

AN INTERMAT,

3, THL PRORITY E(ODER. SELLOTE THE NiGH-
€T P1 RER. (ACRELOY D15 05 s a3,
&N PIRP, PIHL,PIRL, PIA2 PIR2,€7C)

4, T4 PRY EMCDDER. Genln MiL> PIZ REQ (ANY
QY AND THE OCTAL REPLESENMTATION

OF T\¢& HI PRV vt o Pr d.2.1

PIe 12sT AWowS FIZ fém TM e "FecT”
AT DL GATE, IF Té €£OX 15 NOoT
HALIED| EeVs RER wit L BE GEn€ €ARRD.

IF DL EBOK IS HALTED, OVLY PI@ wiil
LAVSE E LUS €L AT TS Tine. .

£ PUs REQ CUASLES THE PT TiméR AND
SETS PI GRANT, fuR L4 JevideS
TME ALLSWIS TREG 1TL Av L TD
L PN AMD BLLOL corMNu il ATIoRS
B WLEr TRE PEVICES IIA:‘DTH(

PL GAAWT ALSO CavseS
THE SeléCTED CHANALLS CHiavSF

T 8¢ PLaceD 0S8 PY4-Bb AN
ENALLES FOP { PT <CRVvED) . WIHEN
DEMAMD 1S GEVIAAIID AT TImZ THIS
FUSLT INFO vt Be CLockéed,1uTd
THE DAVIES PULOGMIRING TE COA.

NE DeVI(Es O THE CEL CHAN L.
REACDND with TREIL PHYS covr sk
On €eus DBD:15 (Ore i1 /oevice)
Sék TALBLE L. AT TINI THESE #H'S

ALE LWOAVED WTD A PLGr AND PRESEUTD
TD AROTNGC PLLor ITY EXCODEE

THE b1 PRY PHYS CovT®* (=) IS
PEESETED 1D A MIXER AMD AT TidY

1SGATRD4D €5US (S Sb:-83 (AcSo

TRE CUALR 1S PIACED oW £0s CSPNTE)
TIimY »PT GRANT Causes Fg-Fp2( PT
ADR TR. LEMAUD S ASSERLTED AT

nas.

£

7l

THE FLRLY SELECED DEVICE PESADUIDS coitTh
E 8US XFEst 5 AVD PACES AN APT
WORD orn BITS P8 :25 DF THE £ 605.

EBUS XrFek CAVSES THE TiImb SI16aAL.

WHCH W TVEM Gen’s PI RDY TM THE
< 80X .(ALenss nie £ sox )

lo.



2
&
-
13

2P PART OF STANDARD oR U104 INT, — MICPOCODE LARELES ST REQDL SENSING ‘l; HANDLING TNE INTERKv 4
174 'r
Y . 

: L JURING A BLT & ’

.- oN T/o ; ;
. Xap 

: 
, 

L EvtuLs P12 ReADY Of. 915~ i g€

— 
4 . A PAGE FAULT, ) RN MIR T KR CONCS UF BeFowe FT

¢ 5. A1 INDIZECT ACR (ALLULATION . Eoox condL suzfB) REAY (rim 6) 1N M0 wileerT 3,
[VilA« 41 +1N ] b, BT NICDND PISVATCH, MITR /T LR Wil ASSumE A

HGHER PEIORILY THEN a7MHere W75,CoN INT 1
Z. u\gm LDE amil SAMPLE AR Con INT

K
nreer 

1 o AT e NIMES LISTED,

| 
MIR T REQ

SC+L (scn aLLiew)

AR« £BYS (AT wWorD) CoMCLKF
Pr e eEADY dggl) . o

D Né FCPD FIELD OF

D AP WIRD (0 -7). EVERYTHNG
PIONCY ‘ )

Ty 
e 2 

4 

oM TS POINT oN IS//“““JRELE g
<H priatcH

14 | Is 16
-STR MT- VE (‘-foK— - IN(KE NENT- -LATAD- - UATAT - -BYTE XFER-
VMA«40+2N M« AR Vide-AR VA« AR VllA«- AR MG« AR
MQ+ AR AR« AR®Y MG« AR MG+ AR M« AR ARe-ARNY

SCe2L LGAD AR 
TIAE 5T

Y : i
SET PAINL

PLVECTOR PIINCRI PLINST | PLVECTOR. “AR«NCM : SPEED- e st
ert FeTcH Cyoremeadp- fENH PFOTL(T EBusY AR

- EXAMIN LenV Foom AT IER 2Dnas e on 0 GET DAIA
: bisenatn 5.. EPT(192488) ASTERT DEMAND Bp FROMEPT (eevsx)

ePT FETCH I ves Tretem 1 {ecien sl
| ALY - - jos 11 LE (dm oy

| AR+ ARY) PILD fepr oke 2 (qi48NSTORe LOAD fl(_/gvg 3 \1(0 l CP
YISO 

WS

) ip B . mz;-f £eUS

AR+ AR - . ew nerce | powstEXTERNAL DINE STORE ' 150 NS Dflos PP

XC{W TR Y viooT DAINSC.CS.

Ferc T (O akem
rf’?DONE S€1 DNIAD gg-‘}g’:}i_ Smkspsz:‘;

- ANMp 2
i { LU B I s

AT IER 300 S0 8e FEWR PATA

SENSING ¢ HANDLING THE INTERRUPT
-

prsys sw w4



=
2

s
e
-
l

- DIAGcnos b Funcrione, —

-DIIIY-: FUMCTION) £BUs LiNe vse **
Ds@s sl DIL | b1z | Diz | vad | D15 | paw | DL

Roo,f] @ | & |[Pront|rronz [prons|erod FL N5 | Fronts | PT on 7
KEAD PT YL PT PT FI Pr P Pr“oree | Pl L leiui|eemr |cent |cond |censlcose )

s)-] Eeus | Egys NS ELVS | E6us | £eus [€ausGoese | L | & 6285 |86 | S| A | &5k AT
7 ' Prz | prs PIT2.| £cis Prz.| Pra | PrsS’ | | || || TR | S R| B0 [

AYDTE
TO AlLdw TIE IWDICA TZD

THE Ar s¥cram musr EcCerv/eé

P Ex3 -0 WWAYS GETS PIHL-T7£29= &S mfi?\z,mys EETS P ACTIVE.,.
GIr3T TV 2E CARD DIHE € Suso NS,

“DING- CeAD A /Dx * A

APT word Poomat

$—23—5 7——i W12 |B—u - - 3£

A 1ren IQ) PHY oMt g APDAESS

¢=£p£ | T 1 T—Assetfl:b BY P EBOAeD
L= EHEC VIKTURL RUALFIER [0 | memvmer sranciFres )
A=A qucé]?€1AuDMb INT @,2,7) I6peLeD
@Zmfié}fm) 2= VeenR tar e | oA, e Susl

Zz INCCEmEnT
4=DatAd (D1e £x)
£z DATAL ( D16 DeP)
Gz BV IE xrek
7= KES(K,UVD

4,5 | 1= Arrey Peomenaw§ erocanopr

"l |1=T0id RY1E xree;d= TPLL BV
X FéR.

FLSYs72w) SH YoS 4



—

y LU]

Y

I
ZnS

EBUS P 6RANT —J

IHHIHHHHHHHHHH"‘!IHIHHIHILUM_UMHHHHIHI
y—

L

PE CYC SThat _L FI 80ARD SUPPLIES FOL Loaoeo] A - TIMNE vyFHYS. (ONT, #f T0 £8YS $7:48 STATE|TIML 1 4gg~s I FoR Afr Lokd| ’ ] Tt [PTcye staer
TIMZ | T

Time | 960'~> = O | Tin3| Time
N Ty | Tim3

in 3 20~ Coom mcooe | I TimS| Tk
AR T\b Tim5

Tiny | 90s l ; Tmée] 1mé
m 

. M7 TMbTImS 
I WAI1 For zéus XFER. L__ /

! ¥/

Tine /i Lwit éor g cme‘l_-i_;. de’\a-ka> J

1147 
| €82 s L :

' |come : 
J L

1/ — P A

UL Pong ]_L [ I l n —// m J— l L fil LI L
rya

cevs csurigo| " |
y7:

thus FOP __l ! l _

/- /,L__]

f;Evs AL | ! |

fi
CS ##:93 X _52

£605 FECR

-
~

IF D14, TIag 15 SNoRIE, l

PT SYSTEM TIANG /oF %



$
E
~

 =
I, AL

MR o¢ MR ieciol Wz | -

s _fzeans |

1n4 | vges |

{5 [

Amb WAH fm

(n7 - - I

comé _ 3 '.- ]

LLOY _'l—_”“]_

ok s cour &K
e

wr/inubte. ez ol __l THIS ELXKS VEMAND AT TIAS,6 THIS WiLl 60 pvAYAT T MeY T Trme 3 p5 coNG
AS TIeR€ ARENT ANy 1TleWAL VYPE
INIERAYPLIE PRESCNT RN,

/51 S YI72N Ts '.2:/&



CHAPTER 1

OVERVIEW

-

1.1 GENERAL INFORMATION 
_

The KL10 CPU has the following built-in program clocks, each providing a different timing or countingfunction: '

Interval Timer

Time Base

Performance Analysis Counter
Accounting Meters

The Interval Timer is similar to the DK10 Real-Time Clock in KA10/KI10 systems. It provides a program-mable source of 22 - | interrupts with 10 us resolution and a choice of two possible timing intervals ranging .from 10 us to 40.95 ms. )

The readable Time Base is a long-term clock for measuring elapsed time with | us resolution. (Long-termpower line frequency time base is provided by the front end processor.) It uses a 1.0 MHz (0.005%) fre-quency source, derived and down-counted from the basic machine clock, that gives less than S seconds ofdrift (gain or loss) over a 24-hour period.

The Performance Analysis Counter is a tool for testing and evaluating the KL10 system. It monitors eitherthe duration or the rate of occurrence of several hardware signals from various parts of the CPU. The sig-nals, chosen for. their usefulness in evaluating system performance, define machine states and conditions noteasily measured by software techniques. Any number of the available signals can be monitored and they areselected by means of a Boolean expression loaded by the program.

The Accounting Meters include an EBox Busy Meter that counts when the EBox is executing microcode anda Memory Cycle Meter that counts the number of EBox memory references. The two meters provide a repro-ducible measure of the processor resources used by a program. They are used for billing users and for bench-mark or comparison purposes.

The hardware associated with the program clocks is contained on the M8538 Meter Board, a hex-height mod-ule mounted in the CPU cabinet.

1.2 INSTRUCTION SET SUMMARY
Operations on the program clocks are performed by 1/0 instructions directed to internal devices TIM, MTR,and PAG. Device mnemonics TIM and MTR (device codes 020 and 024) are used exclusively for the clocks.TIM is used for operations on the Interval Timer, Time Base, and the Performance Analysis Counter. MTRis used for operations on the Accounting Meters and for miscellaneous clock control. In addition, a DATAOto the KL10 paging system, PAG (device code 010), optionally stores the current value of the AccountingMeters during a context switch. The I/O instructions are summarized in Table 1-1. -

& 2-1



Table 1-1

Instruction Set for Program Clqcks

Instruction Function

CONO TIM Set Interval Timer On/Off, Period (12 bits); Clear Intervat
Timer Counter, Done, Overflow.

CONI TIM Read Interval Timer On, Period (12 bits), Counter (12 bits),
: Done, Overflow.

DATAO TIM Not Used

DATAI TIM* (RDTIME) Read Time Base (60 bits)

BLKO TIM (WRPAE) Set Performance Analysis Counter Enables, Clocking Mode;

Clear Performance Analysis Hardware Counter.

BLKI TIM* (RDPERF) - Read Performance Analysis Counter (60 bits).

CONO MTR Set Accounting Meter On, Enables; Set Time Base On/Off;

Clear Time Base Hardware Counter; Set Interval Timer PIA.

CONI MTR Read Accounting Meter On, Enables; Read Time Base On,

Read Interval Timer P1A,

DATAO MTR Not used -

*DATAI MTR (RDEACT) Read EBox Busy Meter (60 bits).

BLKO MTR Not used

*BLKI MTR (RDMACT) Read Memory Cycle Meter (60 bits).

DATAOPAG Store Accounting Meters if bit 02 =1 and bit 18 = 0.

*Double-Precision Instructions

1.3 BASIC OPERATION

The Interval Timer consists of a 12-bit counter, a Period register, and circuitry to compare the contents of

the two. A vector interrupt (to EPT location 514) is generated when the incrementing counter reaches a value

equal to the Period register contents previously loaded by the program. When the match occurs, a DONE

flag sets to generate the interrupt and the counter is automatically reset to 0 in preparation for timing the

next interval. .

- E2-2

If the program loads a value into the Period register that is less than the current value of the Interval Timer

counter (a programming error), an interrupt will occur. The interrupt request occurs when the counter, with

no match to reset it to 0, increments to its maximum count and sets an OVERFLOW flag. The OVER-

FLOW and DONE flags, which indicate the nature of the Pl requests generated, can be read by the CONI

TIM instruction. The instruction also reads the up-counter contents. This allows the programmer to check

the current value before loading the Period register, thereby preventing counter overflows from occurring,.



The CONO TIM instruction furnishes the main control for the Interval Timer. Besides loading the Period
register, it turns the up-counter on or off and allows the counter to be cleared at the same time. It also al-
lows the DONE and OVERFLOW flags to be cleared so that PI requests can be dismissed. The PI channel
number assignment (PIA) is loaded by the CONO MTR instruction.

While the counter associated with the Interval Timer is 12 bits and fully contained on the Meter Board, the
counters associated with the other program clocks are 60 bits and (to save hardware) partially implemented
in system memory. Memory is used in that each 60-bit clock has a corresponding double word in a process
table (EPT/UPT). Only a clock’s low order 16 bits are contained on the Meter Board. When a 16-bit hard-
ware counter goes half-full (the high order bit = 1), the corresponding double word in memory is updated
with that value; that is, the hardware counter is added to the contents of the EPT /UPT location associated
with the clock. Thus, the doubte word in memory can be regarded as the value of the full clock at the most
recent time that the hardware counter was half-full. Process table locations are listed in Table 1-2.

Table 1.2

Process Table Locations for Program Clocks

* Clock : Process Table Locations

Time Base ,_ EPT 510, 511
EBox Busy Meter UPT 504, 505
Memory Cycle Meter ' UPT 506, 507
Performance Analysis Counter - EPT - 512,513

The 60-bit clocks are updated by the microprogram, not by the Meter Board hardware. When a hardware
counter goes half-full, the Meter Board posts a request for service. At its next opportunity and using CPU
hardware, the microprogram reads and clears the hardware counter and adds its value to the appropriate
double word in the EPT/UPT. No PI level is assigned for the update; the addition (double-precision binary
add) takes place regardless of the state or level of the PI system,

The DATAO PAG instruction can also cause a 60-bit clock update by specifying that the current value of
the Accounting Meters be stored (bit 18 = 0) when a new UBR address is loaded (bit 02 = 1). Operation is
the same except that a hardware counter going half-full does not initiate the update (counters can be any
value) and two hardware counters are read, cleared, and their values added to UPT locations. (There are two
Accounting Meters.) Because the update operation occurs before the new UBR address is loaded, the UPT
locations that are updated to the current value of the Accounting Meters are for the old user. Thus, during a

~context switch, the instruction saves the Accounting Meters for the old user and clears the hardware counters
for the new user. 

'

The 60-bit clocks are read by double-precision DATAI and BLKI instructions to internal devices TIM and
MTR. Although they have different operation codes, DATAI and BLKI are executed by the microprogram
in the same fashion. In a process similar to the clock update, the appropriate hardware counter is read, but
not cleared, and added to the corresponding double word in memory. The sum is then written in E and E+1,
where E is the effective memory address specified by the DATAI or BLKI.

The Time Base and Accounting Meters are controlled by the CONO MTR instruction. Provision is made to
turn the clocks on or off, clear the Time Base's hardware counter, and set the Accounting Meter enables.
When turned on, the Accounting Meters always count in user mode. Through the use of the enables, it can‘also be made to count in executive mode when the machine is at some PI level, at no PI level, or independ-
ent of PI level. Control information set by the CONO can be read by the CONI MTR instruction.

€ R-3



The Performance Analysis Counter is controlled by the BLKO TIM instruction. It sets the clock’s enable bits
and clocking mode and it provides for clearing the 16-bit hardware counter. The enable bits are grouped to
form the terms of a Boolean expression in which each term corresponds to a hardware signal or to a number
of related signals. A single term will be tsue when the signals are in the state defined by the enables. Also, all
of the terms must be true to satisfy the input gating to the clock. Thus each term must have a “don’t care”
bit or some other means to enable it when the machine state it represents is not to be monitored. The clock-
ing mode set by the BLKO is either duration mode or event mode. In duration mode, the clock counts at
one-half the basic machine clock rate as long as the Boolean expression is true. In event mode, it counts
whenever the Boolean expression goes from false to true.

E 2-4



SECTION1

OVERVIEW

The M Box is the memory interface in the KL-10 system. The M Box contains a cache memory, four memory buffers
(MBs), address modification and verification logic, channel logic, and cycle control logic (see Figure 1-1). The
functional elements provide the E Box and,channelswith access to core memory. L

3 PAC inTerual :

1.2 CACHE MEMORY 2
The Cache is a 2048 word data buffer where instructions and data are stored and maintained as the E Box issues
memory reference requests. The purpose of Cache is to increase the efficiency of the machine by reducing memory
access time and decreasing the number of main memory cycles. This is accomplished by recognizing that in the
course of running a program, an individual instruction may be executed many times, i.e., a program loop. Therefore,
once data has been moved from core to Cache, it can be stored or fetched very quickly (typically 125 ns) thus
-speeding up the program execution. Initially, as the E Box makes requests for words, memory cycles are granted by
the M Box, core is accessed, and four words are received (the one requested plus the associated three) and stored
in Cache. Considering that it is likely the E Box will request the next consecutive word, this word will already be in
cache and will be readily available since a core cycle won’t be required. When the E Box makes a request for a word
that is not already in Cache, the M Box grants another core cycle that brings in four more words. Therefore, a
program residing in less than 2048 locations would make references to the slower core.memory only upon the first

access of every fourth location, and thereafter all memory references would be made to the faster Cache memory.

13 MEMORY BUFFERS (MBs)

The MBs provide four words of intermediate storage between core and cache or core and the channel or vice versa.

1.4 ADDRESS MODIFICATION AND VERIFICATION LOGIC _
This logic consists of a pager, physical memory address mixer (PMA), user and executive base registers, CCA
register, and the necessary control logic. Its main purpose is to convert virtual memory addresses (VMA) received

from the E Box into physical addresses for use by cache and core. A simplified form of this conversion is shown
in Figure 1-2. o

The Pager contains a page table storage area thatis filled as the E Box makes paged requests for words for which the
page table has no valid physical page address. When in the KI paging mode a page refill mechanism is employed to
automatically fetch page table entries from either the user on executive process tables located in core. When in the
KL paging mode page refills are handled by the E Box. '

The PMA is assembled by the M Box to accommodate the type of request. All addresses that may be needed are
made available to the PMA at all times. Depending on the type of request, the PMA is controlled to enable the
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desired address mixture. The PMA gets the virtual section, page, and :ine address from the E Box VMA. The

physical page address is selected from the page table, or from the CCW BUSif performing a channel operation. In

addition, the PMA has access to the User Base Register (UBR), Executive Base Register (EBR) and the Cache

Clearer Address register (CCA) which are loaded at some point with an appropriate address from the VMA.

1.5 CHANNEL LOGIC

The M Box may also be equipped with cight integral data channels. These channels interface with the Cache and

the MBs to form the data path between core memory and the Channel Bus. The channels interact with the Cache

to maintain the integrity of the flow of data betwecen core memory and mass storage.

1.6 CYCLE CONTROL LOGIC . ConTaiag
Besides the functional elements introduced above, the M Box'::ontrol logic to execute operations and maintain
order. The controls are: '

a. Cache Control

b. Channel Control

¢. MB Control

d. Core Control

. e. Cache Clearer Control

These controls operate independently of each other until a requested operation is completed. Requestscan be

issued by the E Box, the C Bus, or by the controls themselves. This control structure increases the efficiency of

the machine in that several operations can be going on at the same time. :

On a priority basis, the M Box grants and executes all memory requests made by the E Box and ufi to eight high-
speed data channels. Once a request is granted the M Box will remain busy for a number of clock ticks. To assure

the channels adequate service, they are provided with a higher priority than an E Box request.



SECTION 2 .

INTERFACE

2.1 GENERAL

To interface the MBox with the system three sets of controls are employed. Thcse. Confm’ <
inTevface ‘He MBox % 'Mc_ EBN, S.Bvs ¢ Clawnel Cm\:'r;d'.

2.2 E/MBOX INTERFACE LINES (See Figure 2-1)

The interface lines that carry data, timing and control information between the EBox and MBox are listed, together

with their function, below.

CLK

CLK EBOX REQ

CSH EBOX TO IN

VMA AC REF A

- MCL VMA READ

MCL VMA WRITE

MCL VMA PAUSE

APR EBOX LOAD REG

APR EBOX READ REG

A 31.25 nanosecond timing signal that originates on the CLK module in

‘the E Box and is distributed to all M Box boards.

Issued by the L Box to request service (E-Box Cycle).

Asserted when the cache cycle control honors an E-Box request. This
signal clears the CLK EBOX REQ line.

Asserted by the E Box to abort the requested cycle should the request turn

out to be an accumulator (fast memory) reference.

Asserted by the E-Box to request the word specified by address lines

VMA 13 35.

Asserted by the E-Box to request that the word contained on data lines

AR 00- 35 be written into the location specified by address lines

VMA 13 35. :

When asserted with MCL VMA READ, the Read-Pause portion of a Read-

Pause-Write cycle is requested. When asserted with MCL VMA WRITE, a

Write-Pause cycle is requested.

Asserted by the E-Box when loading the user base register (UBR),

executive base register (EBR). or the cache clearer address register (CCA).

Asserted by the E-Box when reading the user base register (UBR),

executive base register (EBR), cache clearer address

register (CCA) or the error address register (ERA). The contents of the

specified register is transferred to the E-Bus register where it can be read by

- executing DIAG READ FUNC 16X. This line is also asserted when loading

the refill table and during an E-Box MAP request.

m Lok - /0
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CLK EBOX REQ

CSH EROX T£ IN

YMA_AC BREF A

REQUEST

VEST QUAL/IE

w GUAL’F’_&

MBOX GATE VMA 27-33
-

VMA |3—35 (ADDRESS)

ARPY— 35 (DATA)

SH AR PARITY ODDF
a
w
r
p

PT PuBLiIc

CACHE DATA §@—35 (DATA)

CSH PAR BIT AeB

CSH _EBOX RETRY REQ®

MBOX RESP |N

CLK EFBOX sSywvc

J

il

PAGE FAlIL HOLD

PAGE FA!L HANDLE

e

-

o Di REeET COMMANDS

_E3RoR PEPORTING
- VARS

D)‘fld‘. fus-

EBUS D#—_—.BS’ V
A
R

|

| ore-20
Figure 2-1 E/MBox Interface
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MCL EBOX MAP

APR EBOX SBUS DIAG

MCL EBOX MAY BE PAGED

CON K110 PAGING MODE

MCL VMA USER

MCL PAGE UEBR REF

MCL VMA UPT

MCL VMA EPT

MCL PAGE ILL ENTRY

MCL PAGE TEST PRIVATE

' MCL PAGE ADDRESS COND

MCL EBOX CACHE

'CON CACHE Lobx EN

APR EBOX UBR

APR EBOX EBR

APR EBOX CCA

This line requests a cycle that transforms the virtual page number con-

tained on address lines VMA13—35 into a physical page location. The

physical page location and its assigned descriptor bits are transferred from

the page table to the E-Bus register where they can be read by executing

DIAG READ FUNC 16X. -

This function allows the E-Box to send a control word to the memory

“controllers (MA-20, DMA-20) and to receive a word of diagnostic infor-

" mation back.

Asserted by the E-Box to indicate that the reference ifi paged.

Indicates KI paging mode when asserted and KL'pagihg made when
_ negnted. : '

Asserted by t.he E- Box when the referenceis to the user address space.

Asserted by the E-Box when a reference is made to the USFR or

EXECUTIVE process table.

Asserted by the E-Box when a reference is made to the user process table. -

Asserted by the E-Box when a reference is made to the executive process

table. ‘

Asserted by the E-Box to force a page fail condition in the M-Box to abort

the current request. This is necessary if the previous instruction was

fetched from a concealed page and it was not a portal instruction.’

Asserted by the E-Box for a non-instruction reference in the public mode

to check whether the referenced page is concealed. If the page is not

concealed PAGED FAIL HOLD is asserted.

Asserted along with MCL PAGE ILL ENTRY when the E-Box detects an

address break condition. This forces a page fail in the E Box.

Asserted by the E-Box to allow references to cache. When negated all ref-

erences are to core. '

Is normally asserted by the E-Box to allow references to cache. ls ‘negated

B during a one word read from core.

Asserted by the E-Box when the user base register (UBR)is being loaded

or read.

Asserted by the E-Box when the executive base register (EBR)is being

loaded or read.

Asserted by the E-Box when the cache clearer address register (CCA)is
being loaded or read. Accumulator bits AC10 through AC12 and virtual

memory address bits VMA 14 through VMA 26 contain the following

control information when loading the CCA register.
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APR EBOX CCA (cont)

APR EBOX ERA

APR EN REFILL RAM WR

MBOX GATE VMA 27-33

VMA 13-35

VMA 27G-33G

AR00-35 and SH AR PARITY

OoDD

CACHE DATA 00-35 and

CSH PAR BIT A.B

CSH EBOX RETRY REQ

MBOX RESP IN

- CLK EBOX SYNC

PAGE FAIL HOLD

PAGE FAIL HANDLE

CLK PT DIR WRITE

® ACI10 is set when clearing only one page from cache and reset when
the entire cache is to be cicared.

® ACI11 isset when the written wo
to core.

® AC12 is set when the cache entries are to be invalidated.

rds in cache are to be written back

® VMA 14-26 contain the page number to be cleared when clearing only
one page.

Asserted by the E-Box when the error address register (ERA) is being read.
This register is loaded whena patty or non-existent Mmemory error is
detected. '

This line is asserted to load the use bit refill table. When this signal is
received by the M-Box, VMA lines 27—-33 must contain the addiess into
which the data contained on YMA lines 18—20 is to be loaded.

Asserted by the M-Box when an E-Box cycle is granted to route VMA
lines 27—33 directly to cache.

These lines may contain a virtual memory address or data to be loaded
into a register.

These address lines are gated to the cache whenever an E-Box cycle is
started.

These lines contain data and parity from the E-Box.

These lines carry data and parity from the M-Box to the IR, AR, and ARX
registers in the E-Box. -

This line is asserted by the M-Box when a read or write to core is required
and core is busy, or when a refill or writeback cycle is required. This signal
is also generated if the E-Box attempts to write into a cache location that
a core cycle is in the process of filling. It forces the E-Box to set up the
interface lines to retry the curvent request.

Asserted by the M-Box after the request has been brocessed to completion.

Asserted by the E-Box to reset MBOX RESP IN and to completé the
handshaking procedure.

This signal is generated by the M-Box whenever a page table parity error
is detected or when a page test fails. ' B )

Asserted by the M-Box if the cirectory or page table does not contatn a
valid entry during a KL paging operation. '

Asserted by the E-Box during XL paging to write or clear an entry in the

page table directory.
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X PT WRITE

APR WR PT SEL 0,1

DIAG READ FUNC 16X, 17X

DIAG 04, 05, 06

DIAG LOAD FUNC 071

MBOX NXM ERR

MBOX SBUS ERR

MBOX MB PAR ERR

MBOX ADR PAR ERR

CSH ADR PAR ERR FLG

EBUS D00-D35

Asserted by the E-Box during KL paging to write or clear an entry in the
page table.

These two lines are used to select the page table.directory or a portion of
the page table when clearing a specified location.

Asserted in conjunction with the DIAG04, 05, 06 lines to select the M-Box
control signals to be placed on the E-Bus for diagnostic purposes.

These lines select a mixer input when performing a diagnostic read function. -

Asserted by the E-Box to set up the cache input mixer. The code presented
on E-Bus 30-35 determines which input will be selected.

The non-existent memory flag is set if all requested words have not been
received from core 64 microseconds after SBUS START was asserted.

This flag is generated if the DMA-20 detects a data parity error during a
core read or write or if one of the memories fails to send an acknowledge
within 32 microseconds of the request.

This flag is set when a memory buffer parity error is detected. Parity is
checked whenever data is moved out of a MB.

- This flag is set when the DMA-20 detects a parity error on ADR 1435,
RD RQ, WR AQ, and RQ 0-3 lines.

This flag is set when a cache directory parity error is detected.

The E-Bus data lines allow the E-Box and DTE-20 to read diagnostic infor-
mation from and send control information to the M-Box.

2.3 SBUS INTERFACE LINES (See Figure 2:2) /¥ T€£44C
The interface between the DMA-20 and the M-Box provides the means to transfer data, commands, and status infor-
mation between the two devices. The function of these lines is described below.

SBUS | CLK EXT

SBUS 1 D00-35

SBUS 1 DATA PAR

The SBus clock is a 125 ns square wave that drives the internal DMA-20
clock generator, which in turn provides phased (deskewed) 125 and 62 ns
clock signals. The Phase A clocks are generated on the fall time of the ex-
temal clock. Equivalent Phase B clocks are generated on the subsequent
rise of the external clock.

These 36 bidirectional data lines transfer data to the M-Box during a‘read
cycle.and the read portion of a read/modify/write cycle. Likewise, the lines
transfer data to the DMA-20 during a write cycle and the write portion of a
read/modify/write cycle. '

This bidirectional line transfers odd parity for the associated data words
during read/write cycles. The write data parity is checked in the DMA-20
and transferred to the storage module. The read parity is read out of mem-
ory, checked in the DMA-20, and transferred to the M-Box. Should a read
parity error be detected the DMA-20 will set appropriate error flags and

transfer the bad parity to the M-Box.
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SBUS| GLK EXT L

SBUs I DPB—Dis (DATA) >

SBUS | DAT4 pAR

SBUS | ADR I Y—35

Seus | ADK _LCAR

SBYUS | R RA , e e o e

SBUS [ WFR RA]

SBys | Re & S

| SBYUS | Re ! B

DM A s6vs / RG 2 B

SBUS | START A S
_SBUs | START B

SBUS | _ACKNA

SBUS | ACKN 8

SBUS | DATA VALIDA

2BUS | DATA YALID BLYS
ERL
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AN
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SBUS | ERROR

SBUS | ADR PAR ERR Y
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Y
V
 

VY
V

SBUS| DIAG

SBYS 1| MEM RESET

- N

"Figure 2-2 SB'JS Interface
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SBUS 1 ADR 14-35

SBUS | ADR PAR

SBUS 1 RD RQ

SBUS 1 WR RQ

SBUS 1 RQ 0--3

SBUS 1 START A

SBUS 1 START B

SBUS 1 ACKN A

SUBS 1 ACKN B

SBUS 1 DATA VALID A~

SBUS 1 DATAVALIDB

SBUS 1 ERROR

SBUS 1 ADRPAR ERR

These address lines designate the specific address (physical location) to

read/write in the selected storage module. Bits 14-35 address a quadword;
bits 34.-35 addresses the first word to be accessed within the quadword.

The address parity line transfers odd parity for the address (ADR 14-35),

read request (RD RQ), write request (WR RQ), and the request 0 through

3 (RQ 0-3) lines. Should an address parity error be detected the cycle

request is inhibited and an error (SBUS 1 ADR PAR ERR) is generated.

The M-Box asserts this line when it is requesting a memory read cycle.

With both SBUS RD RQ and SBUS WR RQ asserted the M-Box is re-

questing a read/modify/write cycle from the addressed storage module.

The M-Box asserts this line when it is requesting a memory write cycle.

With both SBUS WR RQ and SBUS RD RQ asserted the M-Box is request-

ing a read/modify/wiite cycle from the addressed storage module.

' word (8]

These four request lines specify which A in a quadword are to be

accessed or written.

The M-Box asserts this line on Phase A of the clock to initiate a memory

cycle.. '

This signal is identical to START A except it is received on Phase B of

the clock. -

This signal is generated on Phase A of the clock and indicates the storage

module has acknowledged receiving an address and request. An acknowl-

edge pulse is returned to the M-Box for each word requested.

This line is identical to SBUS ACKN A except it is returned to the M-Box

coincident with the Phase B clock.

This bidirectional line transfers a signal from the DMA-20 in sync with the

Phase A clock that indicates data and parity are available to the M-Box

during a read cycle or read portion of a read/modify/write cycle. A DATA

VALID pulse is generated when each requested word becomes available.

Only during the write portion of a read/modify/write cycle is DATA

VALID sent to the DMA-20. In this case it represents an equivalent write

restart signal which initiates the write portion of the cycle in the DMA-20.

- This line is identical té DATA VALID A except it is generated on Phase B
of the clock.

When this line is true detectionof a read or write parity error from a

- storage module or a 32 microsecond storage module time out is indicated.

The E Box may retrieve the particular error flag by executing the appro-

priate diagnostic cycle.

This line indicates a parity error on the ADR 14-35, RD RQ, WR RQ,

and RQ 0-3 lines.
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SBUS 1 DIAG The diagnostic line requests the diagnostic function specified by the

word on the data line

SBUS 1 MEM RESET Generates a power clear condition to initialize the logic in the DMA-20).

24 CHANNEL CONTROL TO CACHE INTERFACE

A summary of the channel control to cache interface is presented below. The interface signals the grouped according

to their function. _ '

Control Commands

CCL3 CHAN REQ

CCL2 HOLD MEM

CSH CHAN CYC

CCL START MEM

CCLCHMB SEL 1--2

CCL CH LOAD MB

MB 0--3 HOLD IN

CCL CH MB TEST PAR

Request Qualifiers

CCL CHAN TO MEM

CCW CHAN WD0-3 RQ

Issued by the channels to request service.

Asserted by the channels if the channels have requests backed hp.
By asserting this signal, the channel is assured of the next core cycle

by inhibiting an EBox Request from initiating a core cycle.

Asserted when the cache cycle control starts processing the CHAN

request. This signal informs the channel that it can start writing the

MB:s in the case of channel write operation or start looking for words

ready to be taken from the MBs in the case of channel read operations.

Asserted by the channel during channel write operations after the

first word is loaded into the MBs. Subsequent words are moved into

the MBs at 125 ns intervals assuring the core control has a word to

move to core when it is ready. The core control moves words to

core at 187 ns intervals. During channel read operations, the cache

cycle control starts the core cycle when it is ready.

The channel places a two bit code on these lines to select the correct

MB to be loaded during channel write operations or read during

channel read operations.

Asserted by the channel to load the selected MB during channel

write operatiqns.

Asserted by the cache cycle control and/or the core cycle control

during a channel read operation to load the MBs and to inform the

channel that the corresponding word is ready to be taken.

Asserted by the channel to check the parity of the selected word

before it is taken from the MB during channel read operations.

Asserted by the channel to specify a channel write operatibn is to be
executed. When negated, a channel read operation is executed.

These four signals are asserted by the channel to specify the words

to be read or written.



b. (cont)

CCL CHAN EPT

c. Error Reporting Commands

CHAN PAR ERR

CHAN ADR PAR ERR

CHAN NXM ERR

d. Address Lines

CCN CHA 14-35

e. Data Lines

Asserted by the channel to read or write the executive process table.

The EPT is read to fetch the initial CCW and is written to store the

channel status at the end of a transfer. The cache cycle control will

.automatically select the correct address for referencing the EPT.

Asserted for one clock period when the MB parity check fails during

a channel read or channel write operation. During channel write

operations, parity is checked when the channel asserts CCL CH MB

TEST PAR and during channel read operations, parity is checked

when the cache cycle control or the core cycle control loads the

word into the MB. This signal informs the channel that a data

parity error occurred during the transfer.

Asserted for one clock period when the SBus address parity check

fails during channel read or channel write operations

Asserted for one clock period when the NXM counter in the MBox

times out (64 us). This counter times out if one of the ACKN pulses

for the requested words is not received from the memory.

Physical memory address fro_m channel.

Data Buffer and path is :an integral part of the MB modules.

'f i Clocks

Clocks are distributed to the channels from the EBox.



SECTION 3 -
FUNCTIONAL DESCRIPTION

3.1 DATAFLOW ‘
The data paths that are implemented to route data between the EBox, the CBus, and the SBus are shown inFigure 3-1. The desired path is selected by either the cache, core, or channel control logicydepending on the requestthat is being executed. The components that make up the data path are listed and described below.

3.1.1 Memory Buffer Input Mixer ' 
'

The MB IN mixer is a 36-bit, five-input mixer that provides a means for selecting the input to the memory buffers.The MB IN Mixer is controlled by the MB IN SEL 1-2-4 code. By adjusting the select code, the MBs can be loadedwith data from the sources listed in Table 3-1. ' '

Table 3-1 MB IN Select Codes

MB IN SEL
Source 42 1 | /M /0

CACHE 00 X I -
AR 01 0 72
CHBUFFER | 0 1 1|

SBUS 1o X

CCWBUFFER | 1 1 X

X = Don’t Care

3.1.2 Memory Buffers (MBs) . |
The four MBs are 36-bit memory buffer registers for temporarily holding the data as it is moved from the sourceto the destination registers or RAMs. In effect the MBs serve as a buffer to normalize (compensate for thedifferences in speed) the transfer of data between the source and destination. The MBs are set up so that MBOstores word 0 of a quad word group, MBI stores word 1, and etc.

3.1.3 Memory Buffer Output Mixer
The MB SEL mixer is a 36-bit four-input mixer that selects the contents of dne of the four MBs when transferringthe data to the one of the following destinations. ‘ '

a. Cache Data Input Mixer

b. Page Table Input Mixer

¢. CCW Input Mixer

d. Channel Data Input Mixer

e. SBUS

The output of the mixer is also checked for odd parity whenever the data is being transferred..
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3.1.4 Cache Data Input Mixer

The MEM TO C mixer is a 36-bit, four-input mixer,that provides a means for adjustmg the data source for the cache
memory. The MEM TO C mixer is controlled by the MEM TO C SEL 1-2 code produced by the cache cycle control
when a Cache cycleis started. Table 3-2 lists the paths that may be established by the mixer.

Table 3-2 MEM TO C Select Codes

MEM TO C

SEL 1-2 | |

Data Path CODE Function MeN

AR->CSH 0 EBOX WRITE A
a:) Rl

MB - CSH 1 EBOX READ <~

MB - AR | {

SBUS - CSH 2 EBOX READ OR

SBUS - AR EBOX SBUS DIAG

0~ CSH 3 ~ DIAG Function

3.1.5 Cache Memory

The Cache memory contains storage for 2048 words (512 quad words) in four identical quarters (cache 0, 1, 2, and 3).

There is also a bypass route around cache so that data can be sent from the MBs or SBUS directly to the AR.

3.1.6 Page Table Input Mixer

The PT IN mixer is a 36-bit, two input mixer that is controlled by the -CON K110 PAGING MODE line. If KI10

style paging is being performed, the input to the page tableis from the MBs. If KL10 style paging is selected the

input is from the AR.

3.1.7 Channel Data Input Mixer

The CH BUF IN mixer is a 36-bit, two-input mixer that manipulated by the channel control to move data into the
CHAN BUF from the selected MB during a channel read operation or from the CBus data lines during a channel

write operation.

3.1.8 Channel Data Buffer

The Channel Data Buffer (CH BUF) contains 16 locations of buffer storage for each channel consequently, there

are 128 locationsin the CH BUF to accommodate all eight channels. The CH BUFis addressed by CH BUF ADR

00—-06 which is a function of the selected channel and the buffer location to be read or written. This addressis
formed by the channel control :

3.1.2 CBUS output Buffer

The CBUS OUT BUFis a 36-bit register that holds the word to be moved from the CH BUF to the CBUS.

3.1.10 MB Channel Buffer.

The MB CH BUFis a 36-bit register that holds the word to be moved from the CH BUF to the MB via the MB IN
mixer during a channel write operation.

3.1.11 Channel Data Reverse Mixer | '
The CH REG mixer-latch is a 36-bit two-input mixer combined with a 36-bit register (Latch). This mixer-atch

is controlled by the channel control to adjust the two half words coming in from the CBus (each haif word is one

word from the drive) in the correct order to accommodate both forward and reverse read operation of the drive

before moving the word into the CH BUF. :
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3.1.12 CCW Buffer
The channel CCW Buffer (CCW BUF) contains two locations of storage for each channel; consequently, there are

16 locations in the CCW BUF to accommodate all eight channels. 7“his buffer contains the Word Count (WC), the

Address, the Command List Pointer and status information for each channel. The CCW BUF is addressed by CCW

BUF ADR 00-03 which is a function of the selected channel and the buffer location to be read or written. This

address is formed by the channel control.

3.1.13 CCW Input Mixer

The CCW mixer is a 36-bit, two-input mixer thatis conttolled by the channel control in executing the following

operations:

a. . Transfer a newly fetched CCW that was placed into a MB by the core cycle control from the MB to the

CCW BUF.

b. Transfer the Address (ADR) or the Command List Poin:ter (CLP) from the CCW BUF to the CCW

register when the channelissues a request to read or write memory.

c. Transfer the status from the CCW BUF to the MBs when the channel issues a request to store the

status words.

3.2 CACHE MEMORY

3.2.1 Functional Description

The cache memory consists of solid-state, .mndom access memory chips and control logic, that provides 2048 words

of high-speed buffering between main memory (core) and the processor (E-Box). The Cache storage elements are

logically divided into four identical quarters and are referred to as Cache 0, 1, 2, and 3 (see Figure 3-2). Each

quarter is capable of storing 128 quadwords (512 words) thus providing a total storage capacity of 2048 words in

a structure similar to core memory. At any given time, Cache may contain data whose distribution can range from

up to four complete pages from anywhere in core, to four words from each of 512 different pages.

To identify each quadword group the Cache contains a directory that stores the physical page number of the

quadword. The directory also contains the following bits:

® A valid bit for each of the four words within the quadword. A words valid bit is set when the word is

fetched from core and stored in cache, or whenever the E-Box writes the word in cache.

® A written bit for each of the four words in the quadword. A words written bit is set whenever the word

is written into by the E-Box thus superseding the data contained in core.

As the Cache is filled with data and instructions the associated locations of the directory are updated to specify the

physical page address of the quadword and specify which words were fetched from core (valid bits). This

continues until the Cache is filled. Thereafter, the least recently used quadwords are supplanted by new

instructions and data as they are needed. Words that have been written into the Cache by the EBox are identified

by updating the directory written bits accordingly so that they can be moved back to core before they are

supplanted.

The cache also contains a use table whose output is used to determine which of the cache quarters (cache 0,1, 2, or

3) a quadword will be written into. This determination is based on the recency of the data contained in each of the

quarters. A new quadword is always brought into the location that contains the least recently used data. This

convention ensures that a given quadword location in each of the four cache quarters will never contain more than

one quadword from a given page. Therefore, a conflict will never occur when comparing the address with the

contents of the directory to determine if the desired word is in the cache. This feature of refilling the Cache also

tends to keep data and instructions that are used more frequently in the Cache longer.
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The Use table contains five bits of coded information for each of the 128 quadword locations. The five bit code is
broken down as follows:

ORDER |

MRU BITS BIT LRU BITS

' I

‘MRU Bits — These two bits contain the binary number of the cache quarter that was Most

Recently Used. :

LRU Bits — These two bits contain the binary number of the cache quarter that was Least
Recently Used.

Order Bit — The order bit indicates the sequence in which the two remaining quarters were

used. A O indicates they are in ascending order while a 1 indicates descending

order. For example:

Cache Quarter Use Table Code : '

MRU LRU MRU | ORDER LRU N 0

0 1 2° 3 00 0 11 2 7y
o 2 1 3 00 1 11 S
I 0 3 2 01 0 10

1 3 0 2 01 1 10

Whenever data is fetched from or stored in cache, the use table is updated to reflect any changed status. When the
system is initialized (powered on) a cache sweep operation is performed that resets all valid and written bits and

places the code 00011 throughout the use table thus purging any illegal patterns. An illegal pattern is defined as one

that has identical bits in the MRU and LRU fields.

3.2.2 Cache Read Operation (See Figures 3-3 and 34)

When a cache read operation is attempted, the cache is accessed and one of three conditions will exist. These

conditions and the action taken by cache control is as follows:

a. - The requested word is in cache. This is determined by comparing the physical memory address with the

output of the addressed (quadword) location within each of the four cache directories. If a match is

found a check is made to see if any of the four words, within the addressed quadword is valid. If so,

the signal CSH (X) VALID MATCH is generated enabling that cache quarter‘s data storage area and

updating the Use bits. A further check is then made tc see if the requested word (specified by

PMA 34-35) is valid, and if it is, RD FOUND is generated. RD FOUND causes MBOX RESP to be

generated to inform the EBox that the requested word (selected from the quadword by PMA 34-35) is

available on the CACHE DATA 00--35 lines.

The requested word is not in cache but at least one of the associated words of the quadword is valid. In

this case the signal RD FOUND is not generated as it was in example a. 2. The condition ANY

VALID MATCH and -RD FOUND generates a core read request to bring in all the non-valid words of

the quadword, and to update the use bits. The requested word is the first one sent by core and it is

routed directly to the EBox. It is then written into cache and its validbit is set. Any other requested
words will be received from core in ascending modulo four order. Asthey become available, they are

written into cache (via the MBs) and their valid bits ar= set.
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¢. The requested word and none of the associated words of the quadword are in cache. In this case a
check is made to see if the addressed quadword in the least recently used (LRU) cache quarter has any

of its four written bits set. If any written bits are set (LRU ANY WR) the EBox is told to retry the

request (EBox RETRY REQ) and a cache writeback cycle is initiated. The writeback cycle writes the

written words back into core and clears the written bits.

f no written bits are set (-LRU ANY WR) a core read request for the entire quadword is issued. The physical page

address of the quadword is written into the directory of the LRU cache quarter and the use bits are updated. The

requested word is the first one sent by core and is routed directly to the EBox. It is then written into the LRU cache

quarter and its valid bit set. The other three words of the quadword are received from core in ascending modulo

four order. As they become available, they are written into cache (via the MBs) and their valid bits are set.

3.2.3 Cache Write Operation (See Figures 3-3 and 3-5)

When a cache write operation is attempted the cacheis accessed and one of two oondxtlons will exist. These

conditions and the action taken by cache controlis as follows:

a. One or more words belonging to the quadword group that the EBox is attempting to write into is in

cache and is valid (ANY VALID MATCH is generated). In this case the word is written into the

addressed location, the valid and written bits are set and the use table is updated.

b. If the Cache does not have a recordof the quadword (address does not match and/or no valid bits are

set) the least recently used (LRU) Cache Block is checked to see if any written bits are set. If none of

the written bits are set, then the group is available for use. In this case the addressed word in the

selected group is simply written, and the corresponding directory address and use bits are updated. The

valid and written bit locations are also set. If one or more written bits are set, core must be updated

before the LRU Cache Block can be used. Core is updated by initiating a writeback cycle. This cycle

causes all written words in the LRU Block to be moved to the MBs and then to core. As each word is

moved to the respective MB, the written bit for the word is cleared. After all words are on their way to

core, the EBox request is retried. This time, no written bits will be set permitting this block to be used

for the current request as described before.

3.2.4 Cache Use Logic (See Figure 3-6)

The Cache Use Logic consists of two RAMs plus control tagic. One RAM contains the use information while the

other RAM contains update information for the use table and is named the refill table. The refill table contains

entries for all possible history combinations as a function of the four Cache quarters which turns out to be 128

entries. After the Cacheis initialized for full Cache service, only 96 out of the 128 locations are required to

provide the use history update information because 32 combinations are illegal. The 32 1Hegq/ combmaTions
Wil ou i1y be encountered during initialization,

The refill Table is three bits wide and is structured into the following two fields:

a. ORDER: Bit0

b. LRU: Bits1and?2

Collectively, the contents of the refil‘!/{able represents the refill algorithm of the Cache. The refill algorithm can be
adjusted by changing the sequence of the bit patterns to bypass one, two, or three Cache quarters in any combination.

Normally, the algorithmis set to use all four Cache quarters equally. Table 3-3 specifies the bit patterns and the

scquence of these patterns for using all Cache quarters equally.
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During normal operation the refill table is addressed by the contents of the use table in conjunction with a two bit /
cude that specifies the cache directory that yielded a match or by a two bit code that specifies the LRU cache

quarter if no match occurred. When the refill table is loaded (DIA EN REFILL WR RAM) the table is addressed by

address bits 27-33 which are the same as those used to address the cache directory. After the refill table is loaded by

the EBox at pawer up, a Cache SWEEP instruction to invalidate the entire cache must be executed by the EBox to

initialize the directories and the use table. In the Cache Directory, all valid and written bits are cleared; in the Use

Table all entries are initialized to reflect the refill algorithm for full Cache service. This purges all illega
l bit patterns

from the table. The illegal patterns for full cache service are those where the contents of the MRU field is the same

as the contents of the LRU field of the use table, After the use table is initialized it will contain “00 0 117 in

every location indicating that the order of use of each cache quarter is3,2,1,and 0.

3.2.4.1 Use Tablc Operation (See Figure 3-6) — The use table is updated during a CSH EBOX CY C that is

executing an EBOX READ or WRITE request for which the cache is to be used. If the cache contains a valid

entry (ANY VALID MATCH), even though the desired word may not be in the cache (-RD FOUND) the Use Table

is updated by asserting WR USE BITS. If the cache does not contain a valid entry (-ANY VALID MATCH), the use

table is updated by asserting WR USE BITS one clock tack after CSH DATA CLR T2 is asserted. The major

difference between these two cases, besides the timing, is the way the refill table is addressed and the data for t
he

MRU ficld of the addressed use table location is derived. For the case where a valid entry is found, ANY VALID

MATCH is asserted which causes ANY VAL HOLD latch to be set. This inhibits the CSH SEL LRU gate to make

sure that the two high order bits of the refill table address and the da:a for the MRU field of the use table is a two

bit code that identifies the cache that yielded the valid entry. For the case where a valid entry is not fou
nd in the

cache, ANY VALID MATCH is not asserted which causes ANY VAL HOLD to remain cleared. This enables the CSH

SEL LRU gate and selects the two high-order bits of the refill table address for the data for the MRU field of the Use

Table. These two bits are a two-bit code that identifies the LRU Cache. '
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3.3 PAGER

3.3.1 General

User programs refercence instructions und data via virtual addressos. These addresses are not absolute (physical core

addresses) since any given page can reside anywhere in core when the program is running. The monitor determines

where the entire program will reside and will also, if a contiguous segment is not available, assign core on a pags by

page basis. Therefore, since user programs are allocated core dynamicaily, the transformation from virtual address
to physical address must be performed dynamically. As the monitor assigns core to a user program, the user process

table and associated page tables are created to specify where in physical core the user program resides. This
information is specified on a page-by-page basis. Then, when a given user program is given time to run by the

scheduler, paging data is transferred from the user process table to the hardware tables in the Pager. The hardware

tables include a page table and a directory.

The page table storage area contains 512 locations that store a 13 bit address plus five access bits. These storage

locations are divided into four sets. Each set is identified as to section number, user or executive status, and

validity by a 128 location directory.

As the running programs reference memory the pager is filled. Eventually the pager will have enough entriesto

eliminate the need for further references to memory for paging information. At this point, all virtual addresses can

be transformed by the entries in the hardware tables providing the running program confines itself to one section.

NOTE

Conflicts between User and Exec addresses or section

addresses can cause thrashing when switching address

space.

When a given user program runs out of time, all entries in the hardware tables are invalidated by setting the NOT

VALID bits in the directory table and the procedure is repeated for the next scheduled program.

The Pager transforms the virtual page address into a physical page address and checks th_é page access bits every
time the EBox makes a paged read or write request.

The transformation, essentially, is the replacement of the virtual section and page address with the physical page

address. Both pager tables are automatically filled as virtual addresses are referenced by the user program. These

entries are then used to determine if the entries are valid and if so to use the desired entry (addressed entry) as a

replacement for the virtual section and page number. ~

If the Pager does not contain a valid entry, one of two courses of action can take place. WIth KI-10 Style Paging the

MBox starts a page refill cycle to fetch four words (8 entries) from the process table 2nd then retries the request.

If after refilling the Page Table, the request cannot be honored because of the state of the access bits, the EBox is

informed that a Page Fail condition occurred. The EBox must then take an alternate course of action and retry the

request. With KL-10 Style Paging the MBox clears the addressed Page Table lucation and informs the EBox that a

page fail condition occurred. The EBox must then calculate the physical page address, write the address into the

Page Table and retry the request.

3.3.2 Modes of Operation

The pager is designed to operate in either the KI or KL paging mode. The paging modeis selected by the EBox

which asserts or negates the ‘CON K110 PAGING MODE’ E/M Box interface line. When operatigg in the KI paging

mode, the page refills are executed by the MBox. Thisis accomplished by using the page pointers that are contained

in the user and executive base registers. Extended addressing (sectioning)is not implemented thus the users program

is limited to 256K of core storage. In the KL paging mode, refills are handled by the EBox when requested by the

MBox. The EBox calculates the physical page address, writes it into the page table, and then retrys the request.

M 33



3.3.3 Pager Functional Description

The pager consists of two hardware tables, associated address, enable,and write drivers, and logic for detecting illegal
page references (See Figure 3-7). One table serves as a directory and the other as the page table entry storage area.
The directory contains 128 locations for storing virtual section numbers and the page table contains 512 locations
for storing physical page numbers. Each directory entry implicitly identifies four page table entries. These tables
also contain status bits to identify valid entries and access privileges. If the virtual section address matches the
contents in the directory and the NOT VALID bit is cleared, then the corresponding four entries in the page table
are current for the running process and may be accessible and legal for transforming the virtual address into the
physical address. '

3.3.3.1 Addressing — When the EBox makes a paged memory reference the page table and its directory are
addressed by a function of the virtual User/Executive section and page address. EBOX USER, and l\fif 17 of the
virtual section address are Exclusive-ORed with bit 19 and 20 of the virtual page address. This modifies bits 19 and
20 of the PT address as a function of the section address and the User/Executive mode. This modified page address
is used to distribute the entries in the table as is shown in figure 3-8 and prevents identical page entries from
different sections from occupying the same table locations. )

In the KI Mode references outside of section 0 will not occur. The directory table is addressed by the seven high
order bits of PT address (PT ADR 18—24) and the Page Table is addressed by all nine PT address bits (PT ADR
18-26). Therefore, for a given virtual address, one directory entry and one Page Table entry are selected. When
the pager is addressed by the EBox a comparison is simultaneously made to determine if the directory entry
(virtual section address) is valid, and the same as the virtual section address presented by the EBox. The User bit
is also checked to see if it matches the current status of the processor.

3.3.3.2 Page Table Directory Entries — Each entry in the page table directory consists of 7 bits in the following
format: ‘

MCL VMA PTDIR
VMA 1317 USER CLR

B-2Y b £

NOT

VMA 13-17 USER VALID

BIT BIT

SECTION NUMBER

® SECTION NUMBER - Each of the 128 directory entries ideatifies the section to which the four
corresponding entries in the page table belongs. When operating in the KI paging mode, the section
number is always zero.

° USER BIT — When the user bit is set, the corresponding entries in the page table are identified as
belonging to the user program. When the user bit is cleared, the entries pertain to the executive
program.

® NOT VALID BIT — The 128 not valid bits are set (two at a time) by the monitor whenever a new user
is granted running time in the processor. As valid entries are drought in from the process tables in core
and stored in the hardware page table, the NOT VALID BIT for those entries is cleared.

M 2-/v



S
i
-
¢
 
W

yaa 3

EMA 14

vMA IS

¥HA 1§

YMA 17—

NCL vas USER

TEE

VRA 22 correter

vnu—D——*

Mz 22

7T ADR 1%

VAL 1Y —

vma 33 - 3
/

LR T

—CSH PGAF CYC

ME SEL 3 i

CiN POV CYC—m—

ABOX PT DIR W
CLE PT DR wr

\Q’ o )

g% ~w

F?K‘. '.5_ ko 7\ _pr surcs
NN

% %

- MPARITOR
d

*)

<

~— L
—_

7] P LR 1 ,r‘]T —— ) — N
CIAECTORY: g; 2| ylgig. Pacr ia Py 5ig maes Alr wis¢ pace 2lelwis'e rroe PA 1426

T A 0 kgc~ion !l: ‘U i1z 8 & iecsmiom -2.,":5 C, -ocaTiom § é 4'i:i LOcnT ows ga!‘,:fi A Locnrions
] g;’:"f;‘_ 1 j N 4 I{a:r; -3 B L vitigem 1%-20% Hh 8 5 P (smsiv20 -t 3;'*”"5 €8T in-24)

‘i:“ 4 ;C,a ,c;i .5(-,‘21 }C%_; . B

b g afe £ HO W ‘ K

PT ADP 2. : ‘:) SO > -..J i i .
7ine g X13¢ 1R ! 1§ X928 ‘ 18 %x13g

———

'\n Ao 22 l
L i

| Rl =
[\\\ PY ADK 23 r—1 £E. R8¢ . En ABLE EnALrLFE S EVvAgLE

'___.1 WARITE WP ITE ‘l—F wPITE J—-F VSITE AT E )
. : - ] v > : o —1

v} — > | — i ; —

e | A 4 Ao MADR 2N i
" VMA 13- 11 ) “-,‘H f

ML YMA ysE w]; 3 ] ) .
' PY ip 0017 o Priyig-3s Prow ooy \‘ PYIN 18-35

/‘\\ L~ o
S -‘(f

J M xR P Csn Efon cYe PT EN
—APR wF FT 2. © PT DIf CLAAPR wn PT SEL 1 :D_____)_}

PAGE PAIL WOLS

4K P wht —

PAGE AP .44 T2 /

vMA 25

APRUR PT S8L | -

vha 26

CSH Roftf Cve T 98 pote pin
APR PR PT S$£L © —

£80X PAGED

‘4.

;" ~CC% R1c
| PAGING mote —T o

PT ADR 3¢

Vmy o¢ %
oo v

PT RGuY £F

APA WR PT 3EL
7 FpacTioM

o 0 |seuer vma

o ' CLEAR T DIRELTORY EWTRI BS’

' ° CLgar EVEs PT pbag

] i C(‘ffi. o0pD - P wrat

Figure 3-7 Pager Simplified Logic

-2 23

- P €53

PT »u8810C

PT iTAgLE

T SOrFWARE

T CACHE

PT 14-26



TR N

VYWYY PN It \(‘

PAGE ACTUAL/ADDRESSEDI.}QQATION (OCTAL)

TABLE EVEN SECTIONS "\ ODD SECTIONS
ADDRESS 0,2, 4,6, 8, etc. 1,3,7,9, 11, etc.

) EXECUTI USER EXECUTIVE USER

000—077 000—077 200-277 100-177 300-377 I oy
100—177 100~177 300-377 000-077 200-277 -
200277 200-277 000-077 300-377 100—177 -~
300—377 300-377 100-177 200-277 000-077
400-477 400—477 600—677 500—577 700-777
500-577 500—577 700-777 400—477 600—677
600-677 600—677 400477 700-777 500—577
700~777 700—777 500-577 600—-677 400—477

Figure 3-8 Page Table Address Hash Functions

3.3.3.3 Page Table Entries — The first five bits (ACCESS, PUBLIC, WRITEABLE, SOFTWARE and CACHE) of

each Page Table entry are page descriptor bits that specify what type of entry (what kind of page) it is. These bits

along with the physical address are transferred from the core table to the hardware table when the user program

references a page that does not have a valid entry in the directory. Each entry in the page table consists of 18 bits

that are layed out in the following format:

0/18 5/23 frea 17/35

PTl4 26A | P w S C

Descriptor Bits Physical Address Bits

0 - 17118 35

EVEN ENTRIES ODD ENTRIES

N BT 26 Umy7

PHYSICAL ADDRESS BITS (PT 14-26)

These bits reference the actual page location that the virtual page number received from the E- Box has

specified. :

DESCRIPTOR BITS ,d’g -I8 oK -4
These bits define the type of page, set up control functions and together with the request qualifiers from the

E-Box determine whether a reference by the user or executive program is legal. The function of these bits is

as follows: oL :

) R €T 1) CaRE S0mew HERL -

o ACCESS BIT (PT ACCESS) This bit is set by the Monitor when the user program is allocated

running time and brought into core storage. If the bit is not set, the corresponding page is still

in mass storage or not accessible at all.

® PUBLIC BIT (PT PUBLIC) When this bit is set, the paze is identified as being accessible from

the public mode. If the bit is reset, the page is accessible from the concealed mode and access

from the public mode will cause a page failure unless it ;s made via a portal instruction.

Referencing a portal instruction causes the processor to switch from public to concealed mode.

The concealed mode remains in effect until a reference is made to a public area.

M 3-16



e WRITABLE BIT (PT WRITABLE) This bit must be set in order to write into the page. If a

write operation is attempted while the bit is reset, a page fail will occur. The writable bit is

typically used to protect programs shared between users,

v Ri}T 7 ' ‘
° S(#‘QW%RE Lf.B'JlT (l;l‘ S%QTWZ{%) flufixtfi irs’gt évfi%r? :fipfa;eath’g is '\%tma [it: wfigxfigof

‘Therefore, absence of a software bit identifies pages that have not been written into and con-

sequently do not have to be transferred to mass storage when the user is swapped out.

e CACHE BIT (PT CACHE) When this bit is set, the page will be maintained in cache memory.

When cleared all words from the page will be read from and stored in core memory. This bit is

reset by the Monitor to permit two processors to share the data contained in a page.

These bits along with the request qualifiers presented by the EBox are used to determine.whether a given reference

by the user program or executive program is legal.

3.3.3.4 Paging Checks — Each time the E-Box makes a paged reference to memory, the pager tests the request to

gee if it is legal and checks to see if there are any hardware failures. The signal PAGE OK is generated and sent to

the cache control logic if any one of the following types of references are made under the given conditions.

® A reference using either the user or executive base register is made and the previous instruction was not

fetched from a proprietary area (not an illegal entry).

® An executive or user paged reference is made and the page entry is located in the table. It is accessible,

public, and is writable or not being written into. The previous instruction was not fetched from a

proprietary area dand the page table parity is-correct (odd).

® Anexecutive paged reference is made and the page entry is located in the table. It is accessible, is not

being written into, the previous instruction was not fetched from a proprietary area, and the page table

parity is correct. This case applies to references to-concealed (not public) pages. Remember the

supervisor is allowed to read from concealed pages but not write into them,

® An executive unpaged reference is made. Since unpaged executive references are no longer permitted,

this gate is functionally inactive.

Whenever a page test fails, the PAGE FAIL line is raised and five page fault bits (PF HOLD 0105 IN) are

assembled into a status word that describes the nature of the problem. If the pages is operating in the KL paging

mode, the PF E.-BOX HANDLE line may also be raised at this time. The PAGE FAIL signal is sent to the cache

control logic where it enables the page fail time states. These time states transfer page fail status words, four

control bits, plus the physical address to the EBus register. The EBox is then notified of the problem via the

PAGE FAIL HOLD line. The EBox can examine the word in the EBus register, evaluate the failure, and take the

appropriate remedial action. The page fail status word has the following format:
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Table 3-4 Page Fail Corditions

The conditions that cause PAGE FAIL to be generated and the associated Page Fail status bits are listed in Table 34.

PAGE FAIL CONDITION PF EBOX PF HOLD XIN

01 THRU 05
A paged reference was made in the KL paging mode and the
directory did not contain a valid entry.

A paged reference was made and the access bit was cleared.
This indicates that the page is not in core and a reference
to mass storage is required.

The previous instruction was fetched from a proprietary area
and was not a portal instruction. The E-Box is forcing a page
fail by asserting MCL PAGE ILL ENTRY.

The E-Box has detected an address break condition and is
forcing a page fail by asserting MCL PAGE ADDRESS COND
and MCL PAGE ILL ENTRY.

The E-Box made a non-instruction paged write reference
(PAGE TEST PRIVATE) to an executive page. If the page was
concealed (-PT PUBLIC) page fail was generated.

The E-Box made a non-instruction paged reference to a user
page (PAGE TEST PRIVATE). If the page was concealed
(-PT PUBLIC) page fail was generated.

A refill error occurred during a paged reference. This condition
is caused by a hardware failure. The paging hardware could not
find the virtual page listed in the page table or the page map in
core.

The E-Box attempted a write operation and the page was-not
writable.

During a paged reference a page table parity error was detected.

HANDLE

' i

X

10001

00WSl1

10001

10011

10001 |

h

I 3

t v

1A
i

9

01001‘

10101

A

1001

X =0 — KI Paging Mode | S = 0 — Has not been written into
1 — KL Paging Mode 1 — Has been written into

W =0 — Not Writable T =0 - Read
1 — Writable ' 1 — Write
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3.3.4 Operation

3.3.4.1 KI Style Paging— When the EBoxissues a request to read or write paged memory it also asserts EBOX KI
PAGING MODE. This allows the MBox to automatically refill the page table when required.

The page table must be refilled when a valid entry is not foundin the dlrectory When the page table needs to be re-
filled the Pager asserts PAGE REFILL and the cache control will then execute a Refill cycle. This cycle fetches eight
page table entries (4 words) from the process table (executive or user depending on the EBox request qualifiers). If

one or more of the needed words are in cache, these words will be taken from cache instead of core. In either case,

the words are moved into the MBs. From the MBs the words are moved into-the page table one at a time. During the

Refill cycle the PT ADR bits 24—26 are modified to move the words from the MBs into the correct page table

locations. VMA 26is blocked to select both halves of the page table (PT RIGHT and LEFT EN are asserted).

VMA 24 and 25 are bloeked and are replaced with two bit codes that corresponds to which MB is selected (MB

SEL 1-2). PT ADR 18-23 remains unchanged. The resulting PT address then changes only when another MB is

selected to move another word into the page table. At the same time the page table is written, the directory is also

updated. The directory is updated by storing the virtual section address and the state of EBOX USER and validating

the entry. One entry is placed in the directory for every four words that are written into the page table. When all

the words have been written into the page table the cache control retries the request.

If the directory contains a valid entry and the EBox requested a legal operation, the Pager asserts PAGE OK. This

signal informs the cache control to simply transform the virtual section and page address into the physical address by

selecting the address from the page table. The directory contains a valid entry if the NOT VALID bit is cleared, and

the USER bit and the virtual address in the table matches the address and EBOX USER signal presented with the

request. The reference is legal if page descriptor bits allow the request. Refer to paragraph 3.3.3.3.

If the directory contains a valid entry and the EBox requested an illegal operation, the Pager asserts PAGE FAIL.

The page test logic of the Pager senses that the EBox requested an illegal operation by checking the page descriptor

bits of the referenced page. When the Pager asserts PAGE FAIL, the cache control asserts PAGE FAIL HOLD to
inform the EBox that the page test failed. The page fail status word is transferred into the EBus register (LOAD

EBUS REG) to allow the EBox to read the word and evaluate the failure and take remedial action. The format of
the page fail status word was discussed in paragraph 3.3.3.4.

3.34.2 KL Style Paging— When the EBox issues a request to read or write paged memory it issues the request with
KI PAGING MODE negated. This prevents the MBox from exeucting the refill operation and forces the MBox to

assert PF EBOX HANDLE and PAGE FAIL HOLD in the event a valid entry is not foundin the page table. PF EBOX

HANDLE is asserted by the MBox only when the EBox specifies the KL PAGING MODE. The MBox asserts PAGE

FAIL HOLD but not PF EBOX HANDLE, only when an illegal reference in accordance with the page descriptor bits

of the page table entry was made.

NOTE |
The pager will never assert PAGE REFILL when the EBox

specifies that the KL Paging Mode is to be used.

The page table must be refilled when a valid entry is not found in the directory or when an entry in the page table is

not accessible (ACCESS bit is cleared). To refill the page table the pager asserts PAGE FAIL and PF EBOX

HANDLE. The cache control then asserts PAGE FAIL HOLD and transfers the Page fail status word into the EBus

register. The EBox recognizes that the page test failed becausea valid entry was not found in the page table because

of the fact that both PF EBOX HANDLE and PAGE FAIL HOLD was asserted. The EBox then issues a request to

read the EBus register and the page fail status word is.cvaluated to detcrmine what kind of refill operation is

required.
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If a valid entry is not found in the directory, the EBox will clear four sntry locations in the page table. Bits 25 and
26 of the PT address are set up and EBOX PT WR is asserted by the EBox to select and clear the selected words. The
EBox sets up the correct address by presenting a two bit code to the MBox via the EBOX PT WR SELO and 1
control lines. The codes and their functions are defined in Table 3-5.

Table 3-5 Page Table Write Select Codes

o EBOX PT WR SEL__ /11

011 Functions ‘ Q _

oo Select VMA address il Q&;
1 0 Clear even PT word -@
0 1 Clear two directory entries

1 1 Clear odd PT word

After the EBox has cleared the even and odd words in the page table, it issues process table read requests to fetch a

valid page table entry. When a valid page table entry is found it is written (EBOX PT WR) into the page table. At
the same time the page table entry is written, the virtual section address is written into the directory (EBOX PT

DIR WRITE). During this operation the tables are addressed by virtual address bits 18—26 since the EBox presents

a code of “00” on the EBOX PT WR SEL control lines. At this point, one of the four locations in the page table

that corresponds to the validated entry in the directory will have an accessible entry so that the original request can

be retried by the EBox.

If a valid entry is found in the directory, but an accessible entry is not found in the page table, the EBox will fetch
the entry and write it into the page table as described above.

Before the EBox writes a page table entry it checks the W bit of the entry. If the EBox intends to read from this
page and the W bit is set, it clears the W and sets the S bit before writing the entry into the page table. Consequently,
a page fail condition will be sensed by the Pager if the EBox issues a write request for that page. When this occurs
the EBox checks the PF code to see if the S bit is set. If the S bit s set the EBox clears the S bit, sets the W bit and

writes the entry back into the page table. To indicate the page will be written the EBox also updates the core status

table (CST). After these operations are done, the EBox retries the original request. This schemegpeeds up swapping

the program out to mass storage since only those pages that were written will be identified and swapped out.

If the MBox presents a page fail code other than those indicating a refill operation is required or the write test

failed, the EBox will evaluate the failure and take appropriate remedial action.

The EBox can also clear the entire directory. This is done whenever another user program is started. To clear an
entry in the directory the EBox sets up VMA address bits 18-23, places code “01” on the EBOX PT WR SEL0 and

1 control lines and asserted EBOX PT DIR WRITE. The EBox must execute this operation 64 times to clear the

entire directory.

3.4 PMA SELECTION

34.1 General

The address paths implemented in the MBox are shown in Figure 3-9. These paths are implemented to facilitate

the formation of the appropriate cache and core addresses and to address the various RAMS in the MBox. The

addressable R AMs include the page table, cache, use table, CCW buffer and CH buffer.
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Any memory request, whether from the channel or from the EBox must be accompanied with an address. The

address accompanying EBox Requests is supplied by the VMA. The CCW BUF provides the address when the

channel makes a request. For EBox requests other than references :0 memory, the VMA serves as an address and/or

data source. For example, the VMA serves as a data source when loading the UBR, EBR, or CCA and as an address

and data source when loading the Cache refill table. The function of the elements involved in forming the physical

memory address is as follows: :

a. Physical Memory Address Mixer (PMA)

The PMA is a 22-bit eight-input mixer that receives various types of addresses for forming the desired

physical memory address for a given cache cycle. The correct physical memory address is formed by

the PMA under explicit control of the cache cycle control. The desired address mixture is selected and

held when a particular cache cycle is started. This address is then used to address the cache, and core.

memory if a core cycle is started.

b. Page Table (PT) and Page Table Directory (PT DIR)

The page table contains 512 entries which are associated with (indexed by) entries in the page table

directory. Each page table directory entry identifies four adjacent entries in the page table and therefore

contains 128 entries. Both the page table and the directory are addressed by the virtual section and page

address every time a cache EBox cycle is started.

¢. User and Executive Base Registers (UBR and EBR) and Cache Clearer Address Register (CCA)

The UBR, EBR and CCA registers are loaded from the YMA. The contents of these registers are made

available to the PMA so that the correct physxcal memory address can be formed by the PMA.

my

d. PMA Hold’Register

The PMA hold¥egister is loaded when a core read cycle is started. This address is then used to move the
words coming in from the MBs into the cache. This addressis held since the EBox can issue another

request for a cache cycle after the first word comes in from core.

e. Cache Directory.

The cache directory contains one physical memory page address location for each corresponding

quadword location in the Cache data buffer. This address is made available to the PMA so that the

correct physical memory address can be formed by the PMA for a write back operation.

The cache directoryis addressed by the VMA, PMA or the refill address from the PMA HOLD regnster

depending on the particular cache cycle being executed as outlinedin Table 3-6.

Table 3-6 Cache Directory Address Sources

M - ek Cache Cycle Address Source

’ CSH MB CYC PMA HOLD 27-33

/') e CSH CHAN CYC PMA 27-33
CSH EBOX CYC VMA 27-33

CSH CCA CYC PMA 27-33

CSH PAGE REFILL CYC PMA 27-33 .

CSH WRITEBACK CYC FMA 27-33
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. Cache Address Mixer (CAM)

The cache address mixer is a 13-bit four-input mixer that provides the means for distributing the address
from the appropriate cache directory quarter to the PMA during a writeback operation. The mixer is
controlled by the CAM SEL 1-2 code whichis a function of the cache quarter in which the written words
are located. :

8. Channel Command Word (CCW) Register and CCW Buffer

The CCW buffer contains the wérd count, address command list pointer (CLP) and status bits. The CLP
or the address is transferred to the CCW Register and held when the channel issues a request so that the
address can be selected by the PMA for distribution to the SBus.

3.4.2 Cache Addressing

The cache cycles that check the cache directory and/or the page table must allow for logic and RAM transit time.
Approximately 90 nanoseconds (3 MBox clock ticks) are required from the time the address is presented to the page
table and cache before their contents can be checked to decide the next step in the cache cycle. The page table is
addressed by the VMA when the EBox issues the request. However, the cache address varies with the cycle to be
executed and is presented to the cache when the cycle is started. A summary of the sources that contribute to
forming the Cache address presented in Table 3-7. -

| Table 3-7 Cache Address Combinations

' Address Source

i/ fL°7C Cycle Cache Directory Cache Data
- ffi (27-33) . __(271-35)

MB ‘| PMA HOLD PMA HOLD + MB SEL 1-2
CHAN PMA CHA PMA CHA + CTOMB
EBOX VMA \ PMA VMA
CCA PMA CCA PMA CCA

REFILL PMA QUADWORD PMA QUADWORD WD
POINTER POINTER + CTOMB

WRITEBACK

CCA REQ PMA CCA PMA .CCA
EBOX REQ | PMA VMA | PMA VMA + CTOMB

The Cache is addressed by the.9 least signifidant bits of the 22-bit physical address or the 23-bit virtual address.
These bits point to a word within a page and are not subject to modification by the paging mechanism in the system
since only entire pages can be relocated through the paging mechanism. All nine address bits are used to address the
data portion of the cache while only the seven high order bits address the directory portion of the cache. This has
the effect of addressing one data word in each cache and a directory entry for each cache. Consequently, if one of
the directory entries matches the page address that was presented with the request and the valid bit for the word in
the associated cache is set, then the desired wordis in the cache. Note that only one word is addressed in each cache
while the cache directory in conjunction with the valid bit of the word specifies which cache has the requested word.
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3.4.3 Address Selection

3.4.3.1 MB Cycle — During the CSH MB cycle the cache address is provided by the PMA HOLD register and the MB
control. The seven high order bits of the nine bit cache address are: supplied by the PMA HOLD register and the two
low order bits are a function of which MB is selected (MB SEL 1-2) at the time. The PMA HOLD register is loaded
when a core read cycle is started and is held for the duration of the cycle (CORE RD IN PROGRESS). The MB
control provides the two low order bits of the cache address (MB SEL 1-2) to move the word into the correct
location of the data portion of the cache. The contents of the PMA HOLD register and the MB SEL 1-2 control
lines are selected (REFILL ADR EN) to address the cache every time a cache MB cycle is executed.

3.4.3.2 EBox Cycle — During the CSH EBOX cycle the cache address is provided by the VMA. The seven high
order bits of the cache address are not passed through the PMA to minimize the transit time, thereby, permitting
the cache control to check the contents of the cache directory somewhat earlier than would otherwise be possible.
This consequently speeds up the CSH EBOX cycle.

For an unpaged memory reference, the PMA simply supplies the VMA address unchanged as shown below.

Iy 26/27 3239y 351

VMA 14y-26 | VMA 27-322 | 3lod M /‘?‘%c’
Y | ' DR - I W

SELECTS SELECTS S ELECTS - 5
PAGE LOCATION QUAD WORD wonr o ©

In the case of a paged reference, the valid contents of the page table (the physical page address) is combined with
(linked or concatinated) the virtual word address of the page as shown below.

Iy | | 267 32|39 s M R
PT /4-26 VMA 27-33 [JMAT S 50

\ Y- c.SELECTS | SELECTS SELECTS T T
PAGE LCCATION QUVADWORD WOoRrRp
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9 Lerences to the process tables the contents of the User or Executive Base Register (UBR or EBR) depending onwhether EBox UPT or EPT is asserted by the EBox is linked with the virtual word address of the referenced page asshown below,

VM A ATUEBR "'/‘26 | VMA P4 7"? 2 3""1‘5‘ - —7;3 ~

SELECTY SELECTS SELECTS EENIYLOCATION OF PROCESS THBLE QVAD WORD wonrp

3.4.3.3 Writeback Cycle — During a cache writeback cycle the cache address is provided by either the CCA or theVMA depending on which request was granted. If an EBox Request was granted the cache writeback cycle isentered from a cache EBox cycle and the PMA control selects the VMA to address the cache. If a CCA Request wasgranted the cache writeback cycle is entered from a cache clearer cycle and the PMA control selects the CCA registerto address the Cache.

Words written into cache by the EBox are written back to core before the contents of the LRU cache quarter issupplanted with a word(s) from another page. Written words in the cache are also written back to core when theEBox issues a command to clear the cache (SWEEP instruction to validate core). All words within the QUADWORDwith their written bit set are written back to core in numerical order (0= 1 - 2 and then 3). This is because thenew word to be stored there is from a different page.

PhaTs cavied by an Efep ReovesT
The address for a writeback cycle'?s assembled by the PMA as follows:

Y " _2_6[27 3203 3¢
CAM |4-2¢ JEVMA 27-33 ke

SELECTS SEIECTS SELELTS WORps
PAGE LOCATIO | QVAD WORD TO B IMOVED FROM

CACHE TO rHE MRBs
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3.4.3.4 Page Refill Cycle (KI Paging Mode) — During a page refill
The seven high order bits constitute a quadword pointer into the p
bits are a function of which words in the cache are not valid. If sotre of the words in the cache are valid, thelow-order two address bits are used to move the valid words into the
otherwise, these address bits are not needed. The address mix depen
user or the executive address space. If the memory reference is to t
mix also depends on whether the reference is to the *
executive area. Consequently, depending on the state
virtual page address (VMA 18-26), one of four possib
of the user and executive address space and their relationship to the process tables.

MBs; (refer to MB control description)
ds on whether the memory reference is to the

he executive address space, the specific address
per process area” to the upper executive area or to the lower
of EBOX USER (1 = User space; O = Executive space), and
le addresses will be configured. Figure 3-10 shows the layout

cycle the cache address is supplied by the PMA.
rocess table (EPT or UPT) and the two low order

For the case where the EBox makes 4 memory reference to the user address space, all of which is paged, the SBUSaddress for the page refill cycle is configured as shown below.

1y 
26|27|2¢ 3313y % .

UBR 1y-2¢ o VA 18-23 [rckero
— 

a 
) | v

SELECTS 
S ELECTS CYCLED TC GeTPAGE locaTionN OF THE QVADWORD LOCATION

VSER PRocEss Tapre WITHIN TrEe PRocEss

UBR 14-26 points to the physical page in core that contains the u
quadword in the process table that contains t
MB 34.35 and cycled to get any valid words
the lower half (locations 0-3773) of the use
per location) for the user address space.

TABLE TRHAT CONTAue

THE BEsimED ENTRY VALID wonpg

FrRom conre

ser process table; VMA 18-23 points to the
he page table entry of the referenced virtual page and cache to
from cache. Bit 27 of the SBus address is jammed to “zero” to select
r process table which contain the 512 Page Table entries (two entries

For the case where the EBox makes a memary reference to the lower executive address space (pages 000—3375)the SBus address for the page refill cycle is configured as shown below.

l
£ .

/ . 26|27 2% |29 3% 75T
EBR 19y-2¢ { |/ |vAala- 23 [RRHTTM

| N 
A —y- 

_JW_J

SELECTS PAGE LOCAT!oly OF SELECTS QUADWORYD CVYCLED To GET

THAT ConTaIns THE VALID WORDS FRrom
THE EXECUTIVE ppocEss

ThBLE UALID ENTRY

VALID wonps

FRom ConrE
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EBR 14-26 points to the physical page in core that contains the executive process table; VMA 19-23 points to
the quadword location in the process table that contains the page table entry of the referenced virtual page; and
cache to MB 34-35 are cycled to get any valid words from cache. Bits 27 and 28 are jammed to “one” to select
the upper quarter (locations 600—777) of the executive process table of which locations 600757 contain the 224
page table entries (two entries per location) for the lower executive address space.

For the case where the EBox makes a memory reference to the upper Executive address space (pages 400-7774)
the SBus address for the page refill cycle is configured as shown below.

/

14 26|27|25 22124 2¢ /“ u’

EBR I4-26¢ O| VA I8 —22 :,A;;igm SN

Y Y g
SELECTS PAGE LOCATION OF SELECTS QUADWORD CYCLED ToOo GET

THE EXECUTIVE PROCESS THAT CONTAINS THE VALID WORDs FROM

TRABLE VALID ENTRY CACHIE AND NON-

VALIO wonrps

FROM CORE

EBR 14-26 points to the physical page in core that contains the executive process table; VMA 1823 points to
the quadword location in the process table that contains the page table entry of the referenced virtual page; and
cache to M3 34-35 are cycled to get any valid words from cache. Bit 27 of the SBus address is jammed to “‘zero”
to select the lower half (locations 000~3773) of the executive process table of which location 2003774 contain
the 256 page table entries (two entries per location)-for the upper executive address space.

For the case where the EBox makes a memory refefence to the paged executive address space defined to be the
“per process areaTM (pages 340—3773) the SBus address for the page refill cycle is configured as shown below.
N

N

\

14 N\ | 2427 28|29 20|21 |22 2334 2¢}
UBR |4—26 | [o |o]o]o|. YAket Tt e,

SELECTS PAGE LOCATIOW OF SELECTS QUASWORD CYcLeEp To GET
TRE USER PROCESs TABLE THAT CONTAINS THE VALID wWonrps

VALID ENMTRY FROM¢ ACHE AND

NOM-vALID WOoRDsS

FrRoOM CORE.
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DTE -2

1.1 INTRODUCTION .
Each central processor in a KL10 system may have from one to four PDP-11 processors attached, each
serving as a “front end” processor. Each PDP-11 is connected to the KL10 by a separate interface
called the DTE20 Cunsole Processor Interface, or simply the 10-11 Interface. The following are some
of the possible front end functions: |

Handling unit record equipment

Handling asynchronous communications equipment
Handling synchronous communications equipment
Providing a long term power line ‘requency clock , ,
Diagnosing the KL10 Central Processor and other functional components in the system
Running a dedicated real-time data acquisition system
Bootstrapping the KL10 system.N

S
 
L
W
~

In terms of basic featurzs, the DTE20 generates parity for Deposit data and detects parity errors for
both Examine data and byte transfers over the EBus. The DTE20 connects to the PDP-11 as a stand-
ard Unibus peripheral and communicates via interrupt or device address. Up to four DTE20s may be
connected to a PDP-11. In a system consisting of four KL10 Central Processors, there may be four
PDP-11/40 processors, where each processor can communicate with all KL10s in the system. It is
possible to have up to four DTE20s on each PDP-11 in the KL10 system, and each KL 10 processor
may have 1, 2, 3, or 4 DTE20s connected to it via the EBus.

- The DTE20 uses the NPR (Direct Memory Access) and BR (Vector Interrupt) features of the PDP-11.
In addition, the DTE20 contains logic to detect PDP-11 core memory parity errors during NPR trans-
fers, provided that the memory being accessed contains the parity option (MFUI11 UP).

The DTE20 provides the fbllowing capabilities:

. Console functions at Examine and Deposit, restricted or unrestricted.

2. Doorbell function, where the PDP-11 can interrupt the KL10 Central Processor and vice
versa. .

3. High speed simultaneous two-way transfer of variable byte data between the PDP-11 and
KL10 memory.

4.. Diagnostic bus for the PDP-11 to diagnose the KL10.

5. KLI10O-initiated bootstrap startup of the PDP-11 mechanism (diagnostic bus) to load tt

microcode into the CRAM, execute PDP-10 instructions, and start or stop the KL10 Cr

tral Processor.
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The following terminology will give some perspective on the front end and its rclatlonshxp to the

DTE20.

PDp-11 Communication Region- This region consists of an area of KL10 core memory defined by the

deposit relocation and protection wordin the Executive Process Table (EPT). This area is written by

the PDP-11 using protected deposits, and read by the KL10. It is used for coordination of status,

preparing for byte transfer operations, and passing limited amounts of data. Each PDP-11 in thc

system has a separate communication region in the KL10 memory, which it alone can modify.

KL 10 Communication Region- This region is defined solely by the KL10 software andis separate from

the PDP-11 communication region. It can be written by the KL10, but may be read by the PDP-11

using protected Examines. This area is used to coordinate status, prepure byte transfer operations, and

pass limited amounts of data (Figure 1-1).
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Restricted Front End - A restricted front end is a PDP-11 system with a DTE20 that does not have
diagnostic privileges. A restricted front end is prevented from using the diagnostic bus. A restricted
front end can only access KL 1§ memory after the KL10 has performed a CONO (Conditions Out) to
allow use of DTE PI10. After this has been done, the restricted front end can only examine or transfer
bytes from the KL1§ communication region and only deposit or transfer bytes to its own PDP-11
communication region.

Privileged Front End - A privileged front e'nd is a PDP-11 attached to a KL10 via a DTE20 that can use
the diagnostic bus and perform unrestricted Deposits. -

Protected Examine or Deposit - A protected Examine or Deposit is an Examine or Deposit that is
relocated and range checked by the KL10. The relocation and protection for Examine is separate from
that of Deposit. A privileged front end can override the Examine and Deposit protection checks.A
restricted front end cannot override these checks.

For addressing purposes, each controller is permanently assigned a unique device, or Controller Select
(CS) code. A total of four Controller Select codes has been assigned*because up to four controllers
(interfaces) can be implemented in a KL 10 system. Each interface is also assigned a physical number
according to the physical slots in which the interface module will reside. These are indicated below.
Both of these are hard-wired on the KL10 backplane. The specific Controller Select (CS) codes and
physical number (n) assignments are as follows:

Interface Controller Select (CS) Codes Physical Number n,,

0 200 8
] 204 9

2 210 10

3 214 11

The device code is used to address the interface and the physical number is used to identify the inter-
rupting interface. ' '

Eight locations are assigned to each DTE20 in the KL 10 Executive Process Table as follows:

Location Name

140 + 8*n * = To |1 Byte Pointer FARLE rnpg
141 + 8*n To 10 Byte Pointer <20 494q

- 142 + 8*n : DTE?20 Interrupt Instruction

143 + 8*n Reserved for DEC Hardware

144 + 8*n Examine Protect Word

145 + 8*n Examine Relocation Word

146 + 8*n Deposit Protect Word

147 + 8*n Deposit Relocation Word

NOTE:n=0,1,20r3

Figure 1-2, API Word Format, illustrates the basic format of this word. The DTE20 allows the soft-
ware to set the following fields of this 36-bit word:

Address Space Field 0-2

Unused bits 11-12

Address Field 13-35.

Di-3



DTE 1-Y

Q0 02 03 0% 06 07 10 W T2 13 1)1

ADDRESS PHYSICAL A
SPACE FUNCTION Q CONTROLLER 00 VIRTUAL ADDRESS

f | - No B eTUARC AnD e <
{ASSERTED | - .

{ ' } BY PLSYSTEM | == *L0U

L

ADDRESS SPACE * FUNCTION QUALIFIER
(&S SPECIFIED BELOW) (AS SPECIFIED BELOW) (AS SPECIFIED BELOW)

ADR. CODE FUNCTION FUNCTION QeiT

CODE DEFINITION cOonE DEFINITION CODE <INTERPRETATION

0 EPT 0 STANDARD INTERRUPT 0,127 IGNORED

1 EXEC VIRTUAL 1 STANDARD INTERRUPT 3 0=ADD + 1

4 PHYSICAL 2 VECTOR INTERRUPT 1 = SUBTRACT + 1

2,3.5-7 |UNDEFINED 3 INCREMENT
4 DATAO (EXAMINE) 4,5 1= APPLY PROTECTION

5 DATAL (DEPOSIT) AND RELOCATION

§ BYTE TRANSFER ) 1=TO10B8YTE TRANSFER
Y RESERVED FOR DEC 0= TO11 BYTE TRANSFER

* THESE BITS ARE MICRO CODE-DEPENDENT. CHECK THE ) 10-1941

LATEST MICRQ CODE LISTING FOR POSSIBLE CHANGES.

Figure 1-2 API Word Format

The Priority Interrupt (PI) board in the EBox supplies the physical controller nfimber field [7-10]. The
DTE20 asserts Qualifier (Q) bit 6, for all Examines and Deposits by a restricted front end, whether
protected or not.

The DTE20 asserts Qualifier for all protected Examines and Deposits by a privileged front end and
does not assert it if the privileged front end makes an unprotected Examine or Deposit.

1.2 BASIC PROGRAMMING OVERVIEW

To specify a 36-bit PDP-10 data word, three PDP-11 words are used. They are Deposit/Examine Data
Word 1, Deposit/Examine Data Word 2, and Deposit/Examine Data Word 3.

To specify a 23-bit PDP-10 address, two PDP-11 words are used. They are Ten Address Word 1 and
Ten Address Word 2. The high order part of Ten Address Word | is used for control. Ten Address
Word [ specifies whether an Examine or Deposit is to be done. For a privileged front end, the protect
off bit in the Ten Address Word 1 can be set by the software to allow an unprotected Examine or
Deposit. On unprotected operations, the space field specifies the type of address: Executive Process

Table (EPT), Exec Virtual, or Physical Address, which may refer to core memory or ACs.

The Examine or Deposit function is started when the PDP-11 program writes the Ten Address Word.
No program interrupts are generated on the KL10 or the PDP-11 side to signal completion of the

Examine or Deposit. Therefore, the PDP-11 program must check for completion by looking at the

status DEXDONE bit. The DTE20 clears DEXDONE when the PDP-!'1 writes Ten Address Word 2,

so the software never needs to. Data in TENADI1, TENAD2, DEXWDI1, DEXWD?2, DEXWD3

remain intact after an operation. Therefore, the PDP-11 may perform repeated protected Examines or

Deposits merely by writing the TENAD2 word each time. An Examine followed by a Deposit (chang-

ing only TENADI and TENAD2) will result in moving data from one KL 10 core location to another.

For unprotected operations, the PDP-11 must reload the protect off bit (PRTOFF) between gach

operation (Figures 1-3 and 1-4).
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1.3 DOORBELL FUNCTION TTAKCE vePs .
The doorbell function allows each KL10 to interrupt each PDP-11 connected by a DTE20 and vice

versa. : .

The doorbell consists of a programmable interrupt and a status bit. In order for the PDP-11 to inter-

rupt the KL10, the PDP-11 sets the request 10 interrupt flip-flop (bit 08) in the PDP-11 status word.

When this bit is set, the DTE20 generates an interrupt in the KL10 with a status bit set in the CONI

word (bit 26) indicating that the PDP-11 CPU has programmed an interrupt of the KL 10 (Figure 1-5).

This procedure works in a reversed but identical manner for the KL10 interrupting the PDP-11. The

KL10 sets the 10 requesting 11 interrupt by doing a CONO to the DTE20. The PDP-11 discovers the

causc for the interrupt by looking at bit TO10DB (bit 11) in status. Communication is done via a word

(or words) in the communication region in KL10 memory. A word (or words) is chosen and Deposit

and Examine features are used by the PDP-11 to gain access to these words (Figure 1-6).

This mechanism is used by either processor to indicate to the other processor that it is powering down.

For example, if the KL10 determines that its power is disappearing, it will set a bit in a word that is

assigned for power failure notification. The KL10 then interrupts the PDP-11. The PDP-11, as part of

its standard routine, will always check for the KL.10 power fail bit in the communication region. In this

way, the PDP-11 is notified that the KL10 power is disappearing. In a similar way the PDP-11 could

interrupt the KL 10 on every tick of the power line clock (50 or 60 Hz). |

D I-¢
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1.4 BYTE TRANSFER FUNCTION :
During the byte transfer function, the DTE20 transfers fields of information between the PDP-1{ and
the EBox. On the KL10 side, the fields are of variable length and are accessed through a PDP-10 byte
pointer. On the PDP-11 side, the fields are either 8 bits wide and are stored in consecutive bytes or are
16 bits wide and are stored in consecutive words. If the field into which the information is being stored
is narrower than the field from which it was read, as many of the rightmost bits as will fit are stored. If
the field into which the information is being stored is wider than the field from which it was read, the
information is right-aligned and padded with zeroes on the left. -

To perform a transfer, the following actions must be done:

* The PDP-11 should specify the transfer rate (delay between transfers) and address bits 17-16
(this can be done once at system startup). If it is not specified, an undetermined transfer rate -
will occur to one of the four 32K memory regions. |

* The PDP-11 musi specify whether byte or word mode is to be used in the PDP-11.

* The sender must specify the address of the source string. The KL10 controls the address of the
data either to or from the KL10 via byte pointers in the EPT. The PDP-11 controls the address
on its side via two locations in the DTE (one word for each direction of transfer).

* The receiver must specify whether it alone (scatter write) or both CPUs are to receive normal
termination interrupts (I bit = 1). /

Information in the form of bytes may be stored in the PDP-11 as either one variable sized byte per
PDP-11 16-bit word (1 to 16 bits of data) or one variable sized byte per 8-bit PDP-11 byte (1 to 8 bits of
data). Byte addresses are specified in the KL10 using regular KL 10 byte pointers in the EPT. Byte
pointers are interpreted in Exec Virtual Address space.

| CAUTION .
The index field of the byte pointers should be zero.
Otherwise, the EBox will index using the current
contents of the Executive or User Index register at
the time of the transfer. Indirection should not be
used because the indirect word will not be
incremented as with all byte pointer operations.

1.5 ERROR OVERVIEW

The DTE20 will generate/check parity on Deposit/Examine data (36 bits). It will not check or gener-
ate parity for CONI, CONO, DATAO, or API words. The software will check for errors by examining
the termination words. The parity scheme also imposes one restriction on the byte pointer used for
TOIl1 transfers. A byte size larger than 16 bits cannot be used unless the bits to the left of the rightmost
16 bits contain even parity. If a parity error occurs, the error termination bit status and the EBus parity
error flag status will be set. If an Examine operation was in progress when a TO11 transfer operation
has an error termination due to an EBus parity error, it is not possible for the software to determine if
the Examine operation has a parity error. The EBus parity error is fatal, and is treated so by the
Monitor. When a parity error occurs, the bad data is stored in the RAM and can be retrieved for error
reporting. The DTE20 sometimes swaps the left and right bytes for byte mode prior to writing the
bytes-into the RAM. Therefore, the termination TO11 address word should be examined to determine
if the left and right halves were swapped. If the termination address is even, the bytes were swapped.
(This applies only to transfers in byte mode.) :
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1.6 DIAGNOSTIC OVERVIEW -

The interface contains many features that enable diagnosing of the interface. It is designed to be

diagnosed using three basic methods:

1. Without using or disturbing the EBus

2. With loopback on the EBus but without the KL 10 or without the KL 10 running

3. With the KL10 running.

The interface is primarily checked out in a single-step manner. Full speed operation may only be

checked with a running KL10; DIAG] contains the Diagnose 10/11 Interface bit. When DIAGI is set,

the following occurs. The interface clock is disabled and single step operation commences. Interrupts

are inhibited from being sent to the KL10. The interface operates in the normal manner except that

EBus operations never complete because no interrupts are issued to the KL10:. Therefore, a bit is

provided that enables setting EBus Complete, allowing the operation to continue.

The interface control is run by an up-counter and three decoders. The decoders are selected by the

major state flip-flops. The up-counter is loadable by the rightmost four bits of DIAG Word 2. This

enables any minor logic state to be executed. The major states are not loadable; however, they natural-

ly cycle until a condition occurs that indicates the operation is ready to take place. These major state

bits are readable.

1.6.1 Diagnosing the Kle
All KL10 diagnostic functions and console functions (except Deposit and Examine) are performed

over the diagnostic portion of the EBus. This specification explains the operation of the diagnostic bus.

The diagnostic bus contains the following ten signal lines:

DS00-06 Diagnostic Select (DS) Lines ~ The PDP-11 sends encoded diagnostic

functions to the KL10 on these lines. These lines can be read by the

PDP-11 at any time, even while the rest of the EBus is active for other

devices. -

DIAG STROBE Diagnostic Strobe- This lineis asserted to indicate that the Diagnostic

Select lines are stable, and that the mdlcated function should be

performed. '

DFUNC - Diagnostic Function - When true, this causes the KL10 to disable the

(Actual " . basic CPU status from the DS lines, switch the translator (only for the

Mnemonic is - DS lines) to convert TTL to ECL, and put the EBus translator under

Remove Status) control of R bits 00 and O1.

1.6.1.1 Diagnostic Bus Control

2~ STRoKLE
Diagnostic CPU Status Read- All bitsin DIAG Word | must be loaded with zeros. The CPU status

may then be read from the DS lmcs after 1 us has been allowed for the lines to settle (Figure 1-7).

/ Ri
%&Lfinc Fan(E’t‘:cj)rfé'?(; y«({ eu:o 36T§|t transfers)- The desired function code bits should be set along
with DIAG Command Start (DIAG1 PDCOMST) and Remove Status (DIAG1 [DFUNC]). This will

result in the function being sent to the KL10. When DIAG Command Start is a zero, the function has

been sent. All function bits must be loaded with the desired value each time a new command is sent.

The DIAG Send bit has no effect upon this operation. DIAG KL 10 must not be set or a 36-bit data
transfer will take place This operation should not take more than 2.0 us.

£ 7z GeN/inFa S2 -

KLecp cc
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1.6.1.2 Diagnostic Functions with 36-Bit Data Transfer

Sending Data to the KL10 - No other operations (i.e., byte string transfers) may be in progress while
doing 36-bit diagnostic data transfers. The data should be loaced into DEX WD1-3 (same bit assign-
ments as with a Deposit or Examine). DIAG KL10 should then be set and a Deposit operation should
be started. When the transfer is complete (DEXDON SET), the diagnostic function should be loaded
as described above, the DIAG KL10, DIAG Send, DIAG Command Start, and DIAG Function set.
The operation is complete when DIAG Command Start is on a zero. ' |

Receiving Data From the KL10 - The diagnostic function should be loaded with DIAG KL10 set,
DFUNC set (Remove Status), DIAG Send clear, and DIAG Command Start set. When DIAG Com-
mand Start is clear, the function is complete and the data is in DEX WD/1-3. No other operations (i.e.,
byte string transfers) may be in progress during this operation.

All the KL10 diagnostic functions are disabled when the privileged restricted mode switch is set to
restricted mode. This bit can be tested by Reading Status (RM). When the switch is set to restricted

mode, status (RM) is set (i.e., the device is restricted and cannot send diagnostic functions).

1.7 INTERFACE COMMUNICATION

The DTE20 can communicate directly with three devices in the system:

1. EBox via EBus

2. PDP-11 processor via Unibus

3. PDP-11 memory via Unibus. Ré
. DiRG. BvsS - "MEax- MLTER = Som€ G

This communication, when over the Unibus, is in a master-slave relationship (Figure 1-8). During any

bus transfer, either the DTE20, the PDP-11 processor, or the PDP-11 memory has control of the bus.

The controlling device is considered the bus master, and the device being controlled is considered the

slave. Also, communication on the Unibus is interlocked between the DTE20 and either the PDP-11

processor or the memory. Each control signal issued by the master device must be acknowledged by a

similar response from the slave device. Thus, communication is independent of bus length and of the

response time between the master and the slave. When the DTE20 requests the bus, the handling of the

request depends on the location of the interface in a priority structure. The following factors must be

considered to determine the priority of the request: ]

I. The processor’s priority is set under program control to one of eight levels using bits 7, 6,

and 5 in the processor’s Status register. These three bits set a priority level that inhibits

granting bus requests (BR) on the same or lower levels.

2. Bus requests from external devices, i.e., DTE20 can be made on any one of five request lines.

A non-processor request (NPR) has the highest priority and its request is granted by the
processor between bus cycles of an instruction execution.

3. When more than one device is connected to the same bus request line, the one that is elec-
trically closest to the PDP-11 processor has the higher priority.

D )12



Data Transfer Signals

Name Mnemonic No. of Lines Data Transfer Commands D7¢ / 78,1%
' ‘ TABLE 1-9,/

Data D (0u:35) 36 DIE/ ) Foo Fo1 Fo2 Operation

Controller Sel CS (00:06) 7 0 0 0 CONO

Function F (00:02) 3 0 0 I CONI

Demand DEM 1 0 1 o - DATAO

Acknowledge ACK 1 0 1 N DATAI

Transfer XFER ] ! 0 0 PI SERVED

- 1 0 | PI ADDRESS IN
Priority Transfer Signals D7¢& i/’fi

Name Mnemonic No. of Signals .

Controller Sel CS (04:06) 3 PDP-11 Device Registers 0 /¢ //fo

Controller Sel | CS (00:03) 4 Interface Assignment

Function F (00:02) 3 0 774400

Demand ' DEM ! ! 774440

Acknowledge ACK 1 2 774500

Transfer XFER I 3 774540

Data Transfer Signals &7¢& //" 4

Name Mnemonic No. of Lines '

Data Transfer Operations A7€ l//C
Dara D (15:00) 16

Cl Co Operation
Address A (17:00) 18

. | 0 0 DATI - data in

Control Co, C1 . 2 : 4
J 0 1 DATIP -- data in pause

Master Sync MSYN 1 |

' 1 0 DATO - data out
Slave Sync’ SSYN 1

I 1 DATOB -- data Qut byte
Parity PA,PB 2

Interrupt INTR 1

Total: 41
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17 vy¢ | I1ZI|BPF| TO11l BYTE COUNT

174 Y420 TO1& TRANSFER A DDRESS (-

174 427 TO11 TRANSFER ADDRESS _ (-/)

1Y 42y To1d DATA

174 424 ____Toll DATA )

194 Y3er ;, - _ DIAGNOSTIC WoRD 1 .
1v¢ 432 ,_ __ _DIAGNOSTI¢C woRrRD 2 :

174 43y | _ STATUS __REGLSTER '

174 43¢ . _ _PTAG N OSTI (WORD 3 _ _ _ _ |

£EPT. Dre Reerow
=21,23 | IV KL 1o

19 +G N TO1ll BYTE POINTER

|4} " TOleg BYTE POINTER

142 " DTE TInterrRupPr LnSrRutrron

143 ¥ ReserveED

|94y v Examine Provrecrion

146 ¥ Examive Kecocarrown

14 ¢ " Derposzr Provrecrxov

147 beposxtT Ketocarron

PDP-N DTE# Yecror Avoror BR DTE RAM S.A. FH KLtz Dre# DucCoor
7} 774 174940 - 3¢ & 2o
1 77¢ 17444~ 7¢ 1 20

2 7E4 174 505-3¢4 2 21

3 76 174 $4E- 76 i 3 A1y

D -1y

D7€ 20 Gfégfi?ZOA)

/4 X/

Puy® FPT Loc.

1F () 1409~7

11 (9 I159-7

12 (@) 16&-7

130n I|728-7



DTe [f1-32/

Addressable Registe-r- Summary

Régister Name Accessible By: | PDP-11 INSTR DTEZO ADR KL10 INSTR FCN CODE

DIAG3 PDP-11 DATO, DATI! XXX36 -

STATUS BOTH PDP-1 1 DATO, DATI XXX34 CONO, CONI 0.1

and KL10

DIAG?2 PDP-11 DATO, DATI XXX32 -

DIAG! PDP-11 DATO, DATI XXX30 -

O DATA PP DATO, DATI AXX20

TO10 DATA PDP-11 DATO, DATI NXX24 -

TO!1 ADR POP-11 DATO, DATI XXX22 -

TO10 ADR PDP.1] DATO, DATI XXX20

TOl] BYTE CNT PDP-11 DATO, DAT! XXX16 -

TO10 BYTE CNT BOTH PDP.11 DATO, DATI XXX14 DATAO 2

and KL1C :

Al)DRliSS WOKD 2 PDP-11 DATO, DATI XXX12

ADDRESS WORD | PRP-; DATO, DATI XXX10 -

DATA WORD | PDP-11 DATO, DATI XXX06

DATA WORD 2 PDP-t 1 DATO, DATI XXX04

DATA WORD 3 PDP-11 DATQ, DATI XXX02~ -
DELAY COUNT PDP-11 DATO, DATI XXX00 -

é—a.cl\, D& ha& 2 P.E ASS;,unonzr M% EBUS.

PLo - D&EX Yo, 7on Dala Xfivs.
PIrA1-7 - Daav bel/ ’I??fq"/&s

Cacle DTE Con Iulivwsyt ¥ PDP-U.

BR (9 ‘fm— DEX Dod)é’ S"mras DocrB&ec
NPR for TOI% o DJ‘ e.r:.

DI-15



INT CTL M8554CONTROL. M3553

Co Pora @

vey

2S MB55DP
[

[ 4

-

#
CL.

&

S QeST

CH
A1,A

K1
iy

[}

L)

RAN LOAD seQueNCE

CORPORATIUNEQUIPMENTMGITAL

-1



Description:

e
 
O
O
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6
 

O
©
 
0
0

PDP~-11 becomes master of Unibus and asserts BRUSY.

PDP-11 places DATO command on Cg and Cl; address on Al5:¢@, ADR1l7

and ADR16; data to be loaded to RAM on D15:80@8 and activates MSYN to

begin operation.

DPS M8552 decodes address bits 17:5 as the DTE select, and generates

ADR SEL(H) to Control and INT Control if the address matches the wired

option.

INT Control samples MSYN and ADR SEL and allows. the DTE to decode Cf#

and Cl. In this case, the decoded command must equal DATO.

. Control samples ADR SEL and ADR 4:3 to generaté a RAM cycle. If
ADR 4:3 are both present, this would not be a RAM cycle, but a register

cycle.

Control generates "RAM CYCLE GO" to DPS which allows the selected

RAM address (4:1) to be "gated" to the RAM address lines.

Control determines that data is to be written to the RAM by "ANDING"

DATO and RAM CYCLE SYNC and generates "WR PLS" (write pulse) to

DPS M8552 seeing the "WR PLS" will now write the data from D15:0@

into the RAM address specified by 24:l.

Control recognizing that the RAM cycle is complete will generate

"SSYN OUT" which is passed to the Unibus via interrupt control. This

will cause the PDP-11/4¢ to drop MSYN and ultimately terminate this

operation. SSYN will drop after MSYN drops.

DIGITAL EQUIPMENT CORPORATION

D=2-2



INT CTL MB5SH
CONTRoL MB553

[Ramere oo, CNT2 SSYN OUT. 557N

gne BBUSY
-

(/4
INTL DATY oL

MSYN

pPSL A

ADR SEL-

1

_ DPS( ADR 4iL

¢uTL RAM CYC

CNT2 VB MixséL L
RAM ;
ACCESS CNT2Z UBMi% SEL2

Dis! @@

RAN READ SCQUENCE | |

DIGITAL EQUIPMENT CORPOMIATION

D 2-3



CcE D=

Description:

1l

@
 
O
O
 
©

®
®

PDP-11 becomes master of Unibus and asserts BBUSY.

PDP-11 places DATI command on C@ and Cl; address on Al5:¢8@, ADR 17

and ADR 16 and activates MSYN to begin operation.

DPS M8552 decodes address bits 17:5 as the DTE select and generates
ADR SEL(H) to control and interrupt control if the address matches

the wired optlon._

f

INT control sensing both ADR SEL and MSYN will allow the

DTE to decode C@ and Cl. In this case, the decoded command

must equal DATI. '

Control samples ADR SEL and ADR 4:3 to generate a RAM cycle.

Control then generates "RAM CYCLE GO" which allows bits 4:1

to be "gated" to the RAM address circuitry. This will be the

address of the desired word to be read from the RAM. "READ"

is enabled due to the absence of write pulse which was generated
in Figure 3 by DATO.

The RAM data 15:0@ is presented to a mixer which allows various
sources to provide information to the Unibus. In this case, due

to the RAM access, UB MIX SEL (2) and (1) will be asserted low,

allowing the mixer to pass RAM data.

The data is enabled to the Unibus because of DATT and this not
being a diagnostic register 1 sequence.

Control recognizing that the RAM cycle is complete will generate
SSYN OUT which is passed to the Unibus via interrupt control.

This will ultimately terminate the READ RAM sequence.

GITAL FLRUIPMENT CORRPOMATION
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MBZ=Must be ze:o0s

DEX WDl 15 & S g4 | @3 &> g PDP-11 WORD

g's | g9 £&— 93 KL1@ WORD

\

DEX WD2 15 € — _ >@¢ | PDP-11 WORD

g4 <€ _ > 19 KL1@ WORD

DEX WD3 15 € > gg PDP-11 WORD

29 € » 35 | KL1f WORD

DEPOSIT/EXAMINE WORDS 1, 2, &3

S€Eg

- DTE 2-9

See Di-1y

DIGITAL EQUIPMENT CORPORATION

D =2-s



@=EPT lfi'fis
1=EXEC VIRTUAL

4=PHYSICAL

5-7=UNDEFINED

T I'DEX PRT. OFF=1

HI ORDER KL1lg TEN ADR

SPACE MoDE /] g - ADR BITS... WD 1
15¢——>13 | 12 11 10€>9 8«7 76 & > @

A — ~— —

KL ADR BITS 13 - 19

Deposit=1

Examine=g

DEX protect off. J
If Bit=1, DEX's are

not relocated and no

protection check is

made. The ADR space #

is designated by Bits 15 - 13

of this word.

The F/F which this bit sets, is cleared

after each DEX operation. Therefore, to

do repetetive unprotected operations, ADR

WD 1 must be loaded each time with bit 11=1,

LOW ORDER KL ADR BITS Ten ADR

15 < —> g@ WD 2
V’ . .

KL ADR BITS 2@ - 3

DEX ADDRESS WD 1 & 2

ANTE 2-9

DIGITAL EQUIPMENT CORPORATION

D 2-¢



CONTROL M855 3

INTCTL Mes5Y4

Pr¢_

DPSb ADRY.) :

DPS3 PIP EN

CNTL Amm:éi

A

DLMAND

E BUFFERCcs o4 d

CNTh SEAD

- CONTR20L

Csop: P32

ACKN
4 CHTW 0PLDDE 2

CNT(

XFER e BoS SLLA XY2

DLl

FIGURE 5

.DEPOSIT OPERATION

CTe rcug
Sce a/e/a—fi

DIGITAL EQUIPMENT CORPORATION
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SEE D& -/
DESCRIPTION:

1. When address word 1 is loaded to the RAM from the PDP-11/44,

the select decoders on M8553 will generate SEL ADR1l which

clocks Ubus Bit 12 into the deposit latch. (Bit 12=1 for-’

deposit and therefore sets the latch.) This will set up the

control circuitry to do a deposit.

The loading of address word 2, will allow the select decodes

to generate SEL ADR2, which sets the DEX start flop. DEX Start

set locks the DTE into the DEX major state thereby enabling the

DEX minor state decoder. Minor states ADR1 and ADR2 are generated

and are used to pack ADR1l and 2eE Buffer. ’

Minor state DEX ADR2 generates TRANS REQ which will force an
interrupt to the E-Box on PI level @. This also halts the stepping

of the minor states until the E-Bus interrupt sequence is complete.

When the E-Box PI system establishes this interrupt as highest

priority, it will assert:

a. Fflfl:¢2 = PI servied = 4
b. (CS@4:86 = Interrupting Chan# = ¢

¢. Demand

Control decodes CHAN# @ with CNT4 TRANS REQ active. If the decode

is satisfied, PI served and PI level generate "send control” to
DPS M8352.° "sSend Control" is merely "Gated" through the DPS and

onto the E-Bus as "E-Bus'D[8]" (This will represent the physical
controller #.) Bit 8 will represent the PHYS CONT # for the DTE.

The E-Box will examine this physical controller number and select
the DTE as highest priority by asserting:

a. F@@=@g2=PI ADR IN= 5

b. CS@P4=P6=INTERRUPTING CHAN#

c. CS@@=@3=PHYSICAL CONTROLLER SELECTED

d. DEMAND:

If the PHY#, PI LEV, and PI ADR IN are all present in the DTE,

E-Bus SEND OP is generated on Control Print 6 of 8.

E-Bus send op will allow E-Bus ACKN, E-Bus Transfer, and E-Bus

Enables to be generated which ultimately allow the API word to be

passed to the E-Bus on the D@g@-35 lines. E-Bus ACKN de-selects the
DIA for this transfer. E-Bus transfer "TELLS" the E-Box PI system
to generate "PI READY". '

OIG TAL TQUIPMENT CSORPCRERATIN.,

D »-%



The API word is formed on DPS M8552 by packing ADR1 and ADR2

and other controlling signals into the E-Buffer.

The first two minor states of the DEX major state will accomplish

this (DEX ADRl, DEX ADR2). These signals will allow the proper

RAM addresses to be generated to select the previously loaded ADR

words.

The API word formed in the E-Buffer is as shown below:

G2 3—5 6 7-10 11 12 13 —36

ADR FUNC Q PHY , g @ ADDRESS
SPACE T ADR |

Corresponds l=Protecti;;f\\‘—>Asserted by FPor deposit where to
to bits =No Protection PI Board store data-for examine

15-13 of ADR (from Bit 11) where to fetch data

WORD1. vV (ADR 1). This is
=EX used inverted

5=DEP from the flip S¢ee D }—‘(‘
flop ’

9. E-Box will drop de:nand » causing acceptance of the API word and 96’“‘3 0P SN T',*
The E-Porwill then generate a DATAI command because the APT FUNC

code = deposit (5g). To send the DATAI Command, the E-Box

generates:

A. F&2 =3 (&1, dawr
B bemAND

)éThe DATAI will only be accepted by the DTE that has "IOP SENT"
active. "IOP SENT" indicates that the DTE is fully locked into the

E-Bus. The CS lines aren't used in this case to select the DTE for

the acceptance of the DATAI. "IOP SENT" releases the gated clocks

via bus complete so that the minor states can be restarted from ADR2

and also resets trans req. :

DIGITAL EGQUIPNMENT CORPUFIATILN
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10.

11.

The DATAI will generate the E-Bus SEL cnables A, X, Y, and Z, to

allow the 36 bit word packed from RAM WD1l, WD2, WD3, to be gated

to the E-Bus. The E-Buffer packing is accomplished during minor

states DEX WDl, DEX WD2, and DEX WD3. E-Bus ACKN and transfer

are generated for the word transfer at this time also.

Demand dropping will ultimately terminate this operation. The minor

state decoder will generate DEX Done which clears DEX Start. This

will "unlock" the DTE from DEX major state. Control then begins

toggling from state to state sampling conditions to lock into the
next state desired.

ETATE FLOW= r‘9 DEX —> TO11l —> TO1lg :'J_)

The RAM locations are not changed, therefore to do a repetitive

operation, the PDP-11/4@ would simply have to reload DEX ADR2 into
the RAM. For unprotected operations, the -11 must reload the

. protect off bit (ADR1 BIT1l) each time.

OO S 1ATIONNooy ol LN T

2-1&



DEMALD.

CoNTROL M8 £53 | MB55H
.....................

CNTZ UB MY SELD

CTL UBmx st

CMT5 DEX STALT(®) o

DPS MpBssZ

NTL WRPLS

CNTL ADRY:3,
' )

Nt EBUF SEL

XFER

CNTZ EBur (Ll

ACKN

D #:35

Dre 2-/3

FIGURE 6

| EXAMINE OPERATION

D 2 DIGITAL LGUIPMENT COMBGARATION



DESCRIPTION:

The first nine steps of the description of Figure 5, the deposit
operation, are essentially identical with the first nine steps required
here. Therefore, they are eliminated from this figure. The differences
are described below.

A. Figure 5, Step 1 - for the examine operation, Bit 12=¢

B. Figure 5, Step 9 - E-Box will generate a DATAO command because of

the IOP FCN (4g).

l. DEX, IOP SENT, and the deposit latch not set generate CNT6 SP DATAO.
SP DATAO and DEMAND generate E-Buf CLK which gates the 36 bit word
from E-Bus D@@:35 into the E-Buffer.

2. SP DATAO and DEMAND also generate CNT6 TRANS which in turn generates
E-Bus XFER. E-Bus ACKN is generated due to IOP SENT and DEMAND.

3. The minor state signal DEX WDl generates an address of 3g which is
gated to the RAM. E-Buffer bits @-3 are also presented to the RAM
data lines at this time. When WR PLS is activated, the data is written
to location 3 of the RAM.

4. DEX WD2 and DEX WD3 will then follow in order to generate the
appropriate RAM addresses and select the proper portions of the
E-Buffer to be written to the RAM. WR PLS must therefore be activated
two more times to accomplish this. :

5. The minor state decoder generates DEX DONE which clears the DEX
Start Flip Latch.

6. The clearing of DEX START and UB Mixer SEL 2 and 1 being low will
allow bit 2 to be asserted on the Unibus.

7. The looping program in the 11 has been sampling the DTE status
and when it sees bit 2 finally active, the 11 program will proceed
to an area that allows the 3 RAM locations just filled to be read
into the 11 memory.

8. Demand in the meantime from the E~Bus, has been dropped and the
examine operation will terminate.

9. The DTE will begin toggling from major state to major state.

D MNGITAL EQUIPMENT CORPOEA TN:2..‘1;?



TO1l TRANSFER RAM REQUIREMENTS:

-

RAM _ADR | WORD _ T _USAGE PDP-11_LOC.

] TO11 Delay Negative number used 164000+40*N
Count to create delay between

byte transfer.

a7 TON Byte Negative count of the [164016+4Q*N
Count (BC) number of bytes to be

transferred.

11 T011 Initial PDP-11 ADR 164922+40*N
(PDP-]] ADR to store data.

WORD FORMATS

NEGATIVE DLY COUNT DELAY

15 14 13 - - gg COUNT

Used for ! ' Numberof soons units of delay to
address oc¢cur between each Byte Transfer.

Bits 17,16 (Used for TOll and TOll). Count

in 18 Bit isn't updated in ram, therefore this

Unibus Address initial count is good til power off.

15 . - - - ga TO1ll ADR

Byte ADR in PDP-1l1 where to store.the Byte
received from the KL1@. Other 2 bits for full 18 bit address

come from 15, 14 of DLY count word.

I z |BM | A NEGATIVE BYTE COUNT 701l BC
"15 |. 14|13 | 12| 11 | g9 0l .

% A ' L Negative number of BYTES
to transfer

1 BYTE MODE P 4 = WORD MODE

1 = Stop on null character (g's)
received from the KL1f.

1 = Interrupt both CPUS on normal
termination. '

D 2-i3
DTE 2-2) ¢



LTE 8-22

TOU TRANSFER, Tell-XFeR
— 

—~ SH loF 4DTE DETELTS TDII o
ADR AND BC LOAD.

THIS GENERATES TDII ; , AR PKVY ON ONTS . L INCREMENT 1D NEXT MINDR. STATE

‘i’ CNTY GD ST CLK;. cNT Y TDII BC RD

LOCK DTe INTO ToIl Toll BE RD .L
AN S 7A ;N O ok SIATE TRANSFER ToII &L+ ABC REG

\ STA

Cuves &% CNTL ADR B:3— DPSH (RAM ADR= 37)1711 PLY R ; MINOR STATE
TRANSFeR TOH DLY CNT - ABC REL]

CNTL BLRD/ACNT H GD SHF CLKE 4

CNTL ABC LOoaD

CNTL AUR@:%-+DPSH (Ram ADR= B7)
JUTL DLY CNT RDA CNTH D SHF

CLXK ¢ CNTL ABL LOAD

STEP 1D NEXT MINOR STATE
[ S

TCi VLY INL l
THIS MINOR. STALE NAINTAINED

UntiL ABL REG 1S INCREMETED INCREMENT 1D NEXT MINOR STAIE
I RERD OR INTEREUVUPTED TR

CNTH GDoT LK CuTH el BC INCL X OFEA 1150

DIPsl FEC REEVZANCNTLDLY NG ¢ Ol BC INC. L
iJIHBIT STCLK=» CNTY BIN CTR. .

INCRENENT BC IN ABC REL BY 41W i s e amt

CNTL BC INCACNT Y 6D WRCLK¢

CVTL ABC INC

I
INCREMEMIY 1D NEXT MiINBR LTATEs\t o

CNTH GD ST CLE!, (MT U TOH WO run

DEX €tAET
ENAVILD

TNCREMENT ABC- REGISTER. + |

NTL DLY INC A CoTH GD WR (LK

ST ABL ING

FIGVRE |, Toll Teans

1ol /o FUNC. L
TRANSFLR. UPDAED BC— RAN 7,

INTERRUPT KLLIY v PT®

HOLD THIS MInoR StATE UNTIL

EBUS DPIALOGUE COMPLETE.

LAPT Fen =6, Q=@)

INTL BUSCOMPA CNTH DI OFUNG”,

CMTH INH CLK

!SH 2o Y

SHEET L eF 4

D 2-14



| OFH

B .rom#&

——_—-—-—.——-—_——-——.————_._-——_

| WORD TRANSFER

E BUrrER NOW NTAING DATA

INCREBHENT D NEXT AMINOR STATE

| A |20 . 35|
RAM13 L ll5 E]

' C— —_ vl
. L PDP-11

BYTE TRANSFER 11 ADR=ODD (ABC@@=1))l
CNT 4 INHCLK(@): CNT4 GD ST (LK g [ [ 28— 335

b ——CNTH TOI SHIFT

I RAM;; | 15 ——38 | |
| ~——

P -con swer bmem

TRANSFIR TCH ADR IN RAN —> ABLC REG | - 'BYTE TRANSFER 11 ADR=EVEN (ABC@@=0)
.‘ P — KL1g [ [ 28 35]N1l ADR Di%— Drsd (RAM A0z |lg) | W - )
CNTL YWRRDACNT Y GU SHE COLK & I_ RAMyj3 | | 7——0]
2wt L ABC LDAD | A

o
 

.
 

" 

PDP-11

- ...‘,.,,._.,._______,_._.____._,; | | ol
INCREREV> D AT 8 DR STAIE | TRANSFER EXAMPLES _ _ __ _ _ |

CMHTH GUSTCLK | CNT 4 1011 £

L. rr(R STORE

WOoRD mope SET UP
N

TRANSFER €-BUF ZB-35-+RAM 12,(15-52)

EBUE 208-35> E BUE =10 -5 SW mIY IS —Bd —»
RAM IN MIX 15-&0

BYTE MODE —€VEN ToIl ADR SET VP

RANSFER EBUF Z8-35 +RAM 134 (7-8)

£ BUF 29-35P EBuF 12-19 » SWmyY T7-f
- KAN IN MIX 7e@.9*/fg_y_1_qqéfiyoo ADR . yse( uP

TRAFER E BUF 2B-35-+RAM (3(15-8)

V-G KA N i (G-

EBuF 23-20% £ BUF 12-19 300 MmiX

= &

TOI TRAN S SHECT Zor4

D 2-1§



D) s# LoFY

———y

NRITE THE ALLIGRCE DATA = RAM 13,

L ADR®: 3 = DFSY (REMADR = /35)

') L DATA S1DRE ACHTH GD WR CLK®

CNT1 NR PLS

W6 MEIT TD NEXT MINDOLZSTATE

CNTY 6D ST CLK!DI FiLe RD

INT LL 70X 2461 TRAUSTe

UNIBUS C LINLS EnCODEDD DATT

HOLD DIt Fité Ry S4afg

CNTY TDHFILE RD2 CuTYH REQY ST S

UBuUS NPR A

CNTY MPRREQAINTL EUS omP!

CNTY INH LK

CUTS MU EVIE OJ€E A Vo FILE RD!

ubous &

INT2 DI Fié KDL UbUS C 4

511 FILE RY l'
ReND A 128 = UNIBUE MIXER,

POV Dseal NULL CHARNCIL. CHELK
}__. marm——

AL ADK D2 - DS (PAMADK= [3e)
O DATA S 28 =0 UNIC IS NIXEE Deslp

INCREMENT L1l ADR. WM ApC Rets BY _L

RESYNC CLCr= BY REMOVING INH CLK

i ATV NORAL KAT I~A)
RescT MNULL %DF FLAG

(7l DN FiLE RD ST IE

L i Dotie LT, PPSE VL TD 1L NOEM

TERM : DPSE I INT

CNT L YD nd SE€7 ChnTL BC CLES,

S NMTETDH NULL S TDPA)

CINTL BJS Can ACNT Y101 FILE BDS
T YNGR CLK

PR REQ

Fle, o3

e SH <ord

CNTZ NPZ BBSY ! CNTL ABL INC

INTL NPR DONE7 INTL BUS (OMPI CNTH

INH CLK (&)

v
INCREMNMENT TOMNEXT WMINTK S TATE

CUTH GDST 2ok~ 2 TOII ADR ADD

Toi1l ADR ADP l’
1F WORD MODE| ENC [IADR v ABL BY |

Cu1 5 TOIl BYTE MODELZIA cnTH TDI) ADR

ADD; CNTL ABC INC

SH “or4

TD(! T&ANS SHELTY ZoF ¢

D 2-l¢6



@sfl 207 ¢ SH 3o0Fd
INCCEMNT TO NexT miNoR “TaTé | RESYNC CLE BY REVOUING

Cwid D ST CLK! CNTY D1 ADL INC fb‘x’i 1D NEXT MANSL STATE

DI AUR C J, ' . TL BUSComp£ CuT 4 INH CLe @)
v ¢ = )

TSI IO 11 ADR W ABE G 51 cuk: ot ToLd i
RELEASE S1ATE HoLD AND TdGLsLe

TM NLXT NAJIDR STHRTE

CMTL ADK B!% = Dpoo (RAMdve=11y)

TuTH IDH ADR ML D ST ADR W N
|CNTH GowK CLE L ENTL WRPLS @ sh tomd

CNT Y DI X0 e 2 YT H STATE

Hol {2) :

INT LL FOR NEW BYTE CounT (ALSO
Lo e "2 eir s€1)

RE ENTER

MAJO R STHiE

Flow

DPSY BLC=OA Cvid GDWR CLE+ | A
CNT 4 D11 6RD | CUTL DIl DOMESET

CutLl TDIl DONE Ser /DPs5 1 TDIL NOEM

TERM ; DFSS N INT.

CMtL 1Ol 2oMe LT ACNTS DI T
CiT. DPs5 10 TOI NORM &M;

A DPS5 10 INTER ACT.

IF THE COMOITIONS Fod. A LEX OP

ALE SOLISEIED| S1DP THE TDIl bLY

CAdNT AND DO hi€ DEX OPERATION,

Cwhnenw TTMHE DEx IS Deoné, THE Tou
- WMAJOR SiaTE el RE REENTBLED

AND & DLY CoUNT will START

FROM CEATTH.,

1@ INT

OPlATION

AND BR
oP

CMt5 DEx STARTACNTL DLY INC¢
CNT 4 STATE HBLD (2) il

\/

\RE ENVER

MAJOR STA

FLoW

o TeAnS Se€r HoFrY

D 2-17



D/e 2 -29

TOlg TRANSFER REQUIREMENTS

RAM ADR : WORD USAGE PDP-11 LOC

g DLY COUNT (See TOll l64303+40*N

Xfer)

19 TOlg ADR PDP-11 Address | 164824+40*N

of Source Data

DIAG Register 3 Bit @@ specified byte or word mode and must

be loaded accordingly via a register load sequence from the

PDP-11..

WORD FORMATS: ~

TOlg - PDP-11 MEMORY ADDRESS TO1l@ AD

15 22

Byte address of source string. Updated as

each byte/word is transferred. At end of

transfer points to byte which would have been

transferred next...

15

TOl@ BYTE COUNT ‘ TO1lg BC
29

Negative byte count -~ readable and writable

by the PDP-~1l. DTE-2#¢ will not start transfer

until 10 sets this register with a DATAO.

PATAO
o' 

wpo 
NEGATIVE BYTE COUNT 

O

g 22 |23 |24 ' 35_| 7

TO1ld "I" bit -\x
l=set I bit for TOlg

transfer. [INT both

10 & 11 on normal

term] _
=don't set "I" bit for

TOl@ transfer. [INT 19

only on normal term]

Twc's compliment of nu;;::>>
of characters. Left to be

transferred.

EX: BC=@@@@g=g bytes transferred

BC=7777g=1 byte transfer

BC=7773g=5 byte transfer

DIGITAL EQUIPMENT (ZOREOFIATION

2=&



D/e 2-7%/
o

DLB TRANSFER. | W Lo

DATO REQUIKEMENTS FRoM PDP I '

DELAY CNT —» RAM @By

LD ADA > RAM LQe

ESTARLISH BYE o WORD

STEP 10 TDLY TRANS MANDR STATE.
INITIATE MAXOR STATE LoeK- UP.

: CNTH GDSTCLK 7 C1d TDLD THANS
IA DG ’

"é?f, v3 BIT@ i DI CNTY 4DL@ NZANSA CANTS TDLE
2 - fal :

DATAD RERVILEMENT FROM KLM szjps’:fizgfijf‘5" -b
TO1L@ BL — £ 6 MOLID RE( '

—
IMHIA1E 1Dl TRANS MINOL YTAR2S

THE FIRST TIME THAT TODLE TRANS ' .

MAJOR STATE IS PASSED, THE DTE CNTY Tlo PLY 20 l “toid DLy (NC
i T K |

,V;'u‘:_}' i wL ";’fc_ ,'gfo':y?f,cfzsffijé &0 THROUGH DLY RD/DFDATE oYeLE
] 'z, 

<,

RAM. -THEREFDRE AN E& HOLD fif;fi‘;;’:i% IV THe DI TLANS
RE G+ RAM CYeLe MJ';T DC((//; ‘

fl).idfrmm«‘iv o 4
RET UFP RAM ADQ.», INITMATE RAM INCECMENT 1D MEXT MINOZ SIATE

MRITE C\ICLé‘, TRONSFER EBH T '
. ) NTY GD ST CLiK 4 4RAM LOCAMION Gog CUTY GD ST LK i DAl BC RD |

CNTH TDLETEANSA CVTL EBH ST ! U@ BC RD
0t L EBH CYCLE TS FER TDIG BC —b ABC RELr
CNTL ADR @2 -+ ppsy (£am ADR= Bly)

| CVTL APR @3 »DPpSH (FAMN ADR> Tty )
c K

ChiL EBH CICALUTH GDwR oLk ¢ CAT1 BE RDAUT 4 GDSHPCLK
— ‘&' CRTL ABC LDAD

STEP I'd DEX MAJMOR sTO1&

CNTH GDSTCLK! CNT4H DEX

EGH STDRE CYLLE COMPLETE

CNTL EnH $1DRE @) i CNTsS T@

INUZEMEU‘I’ TD NEXT MINOR STATE

CNTU 6D STCLK CNT 4 TD1g BC ADD

J Bc L_bm ’

L ‘SH 2 oY
STEP TM TDIL 1RANS MAORSTATL |

CNTH GD st aLk ? (otd TDI THAAS|

é@,u 1 or 4

FIGURE 2, TOLl@ Teaps SHEET 4 ofF 4

D 2-17



TMLD BC ADD

INC BC IV AL REG BY 41

) s# lor 4

TOLg BC RO

CVT Y AnC INC

CNTL BC INeA CNT 4 =0 WECLK

¥
INCIENENT TD NEXT MiINOR STATE

TNT L&D FOR NEW BYTE COUNT.

te Tld"r" It SeT, INT 1]

FOR NEw ADDEESS.

CNT Y4 GD ST CLK! Tt H Do BCINC

TOLE BC INC i’
TRANSFCR DPONTTD BC - RAM Bhy

CUT L ADR 2 - DPSY (AN A= G5)
CUT L EL LIDEE ACNHT Y 6D wE CLE:
CMTL WR PLS.

CNTL TDLP DONE <1' DPSS 1d TDIw

NoRm Tem(\) ' DPSE \B INTER ACT.

CNTL TDLD DONE SETA DOSS D1

T %t DPsB V| Told NORM TEEM

DPsSS (I INT,

!
INCREMERLT T BEXT MINOK StATE

CuTY GDSTCLE ¢ CNTH ToL® ADRKED

1DLE ADR RP .L
TRANSFER TDLd ADR — ABC REG

cvT L ADR QS;'Z» + Drsy (RO ADR= L5 )
CVTL ADR RDA CNTYH GDSHFECLE

CvTL AGL LoAD

'
INCREMENT 4D NEXT MNOR STATE

CNTY GDSTCLE: (1Y TDI® FL Wa

s s3o0F4

Tol¥ TRANS

[0 (MNT .\
OPERATION
AND BR

OLENATIN,

RE ENTEA

MAJOR STIA¥

FLOW

SHEET 2 ofF 4

D 2-2&



SH z2oe a./ WORD TRANSFER

* PDP-11 | 15 : 29|

TMLS L W Rl | 15 i |
INITIATE. NPR TEANSFER. PR DATA WolD, KL1g |20— 35 |

LS &L we MivoR STATE MaINTAINED *B';I""E ;;AN;;ER*L—" =

UNTIL NPR TeANSFER. LOMPALLTE | | eppors it ADg‘lo’;D R

UBVS C LINES ENCODED DATO. e —__
| -12 7 ——CoTH DL FLWRY CNT 4 NPR REQS RN f [ =0 ]

CNT Y REQ 5 CNT H Tuu CLK (D KLlg | [28 35 |

CNTL ADR @:3 = DPsY (Ram ARz 124) | — L -
- - — ' BYTE TRANSFER 11 ADR=EVEN

PDP-11 |15 8|7 ——— 7|

RAM 12 | | 7T———— 7]
)-

- KLlg | [28 35 |

TOLP LWORD MODE S et VP
i TRAWSFEL DPSL DATA 1500 —b RAM 124

UBUS DIS:db - DPSG DIS!d@-+ DPSH SW
|S:p@<+ DPSL IN \S!pd

TO4@_BYTE MODC/EVEN) ADR. SET PP
TRAWSFER. DPSL DATA 7 i @ - RAN [2.2(7% @)

UBUS B7:d0» DPSle DB 7 3@- DFSY S
P78 > DPSL ING7:8F

1Dl BVTE mODE L, ODD ADR, & b1 U+

tRANSFER. DPSL DATA 15:8 » Ram 123 (7-@)

LBUS IS/-» DPSk DIS!08 < pPSY Sw

15:08 -» DpsL tN 0700

INCREMEMT TOLD ADR IN ABC BY +1

CNt2Z NPG BBSY. CNTL ABC ING

SH Yor ¢

1old THRANS SHeer 3or¢

D &X-21



INCREMENT 1D NEXT MWDK QTATE

INTL Buscomf: CNTH INH CLK (@)
ONTY &D ST CLK'CNTY TOls E -BuF

FiLL

TDL® €-4vr FilL .

TRANSFER RAM DT- E BUFFER. ,

BY 41 IF WORD Movog

DSy DIS: PP —» DPSZ € BUF 20735

ONTC DL BY1E mODE (B)ACNT 4

1old £-8VE FILLI CNTL ABL INC

I
INCREMNENT -TD NEkT MINDR STTE

L_cm Y GPSTCLE ! TolYd E-B LEQ

DLS €-6 LER L
TEMSFER UPOAZD ADIP ADK In AGC

RE& —» RAM @y

CUTL ADR ©.%-=DrsH (eamane=Igy)
CNTL ap2 WRACNTY GD WK CLK ¢

CNTL WR PLS

I
ANT KLLG D TLANSFER DOTA,
1OLY E-162ER MINOR. G1ATE MNAINTAINED

UNTIL £ BUS DIBLOGUE COMPLETE

O Y Told E-6 RER L CAVTY TRANS RER. -
CAT Y L@ E B ELEQANTUTL BUS

come: cutd INH CLE(1).

D13 TANS SHeeT “orY

D R-22

INCREMENT TDLId ADR IN ABE REC sn {orf



e |
OPELATIDN

ASSERT AR on UNIBUD

PPSS IHINT/INTZ LL INT

UBUS BR |

UNIRUS DELAY

I

DIE REC\EVES BG AND ENAKLLES

100 N& DELAY |

UBVS BGIN LNTL UN BG IN
DPSS 11 INT A INTZ UN B&IN¢

INT 2. B&SING

INT L UNBEIN: Cuasle DLY

I
100 NS DELAY

D€ AKLR1S SACK ON UMEUS

INT 2 BG DLY A INT 2 BG SYNC©

INT2 BG SACK £ INTL SACK DUT?

JBUS SACK

DETELCTGP

WITHIN l(;u
-l

Kon N

I DROPS B

Flgure 3,

pHo DTE-

BR REQUERT OP&LATION SH lorL

1 T ime out
2o RenokeD

D1€ CHECKS TR BDS AVAILABILITY

—~INTL PBSY IN A — INTL SS5YNIN.
INT 2 BUS AVAILALLE

:
DTE ASSERAS BRUSY AnD INITIATES

INTERRVETo ]

NT2 BE BesYI ONTE BG BBSY)
Cl_Uevs INTE | |

— INTL UN B IN A INTZ US AVALL,

INTL BG BBSYS INTL w5 ouf:
Uous BeYsy |

ig ENALLES VECTOR. Adr &

VUiEUS pada Lives, DefS SACK

INT2 BG BISY! VECTDR AVZ-»
CNT3 UNMIX G& 0L —» DBUS

DOB B L

INTZ PG 8B5Y. INTZ U6 SACK?)

l
UNIBJS DELAY

+.._..._ [ R, TM i e
I sewns SSYN AND AAVSES DIZ
1 RELENSE BUS. TUE 1l WILL

DROF SSYN WitEn THE DIE
DePS INTR.

Jous SSYNIN 2 INTL SSYNINS

INT Z Ble (LR ~ (VT2 BUS

AVAILOBLE & — INT2 Bl BRSY

-Vrus INTR

(| EXeCUTES
INT £OUTIVE

e RCTVAN

4D CALLING
FLOwW

D X-23



NPRC

OPERA IoN

' DE CULKS TDR. BUS AUAILABILITY

, “|=INTL BPBSYTNA ~INTL SSYN IN?
ASSERT NFR ON UNIBUS INTZ BUS AVAILaBLE

CNTH REG © VRS NPR A = L*

L | DTE ASSERTS B BUSY, EvAnLES ABL
UNIBUS DELAY . REG-d ADR LINES, TF DI

f —mAuS ENBLLES RANM < DOT

L Lnuas Envpet CP,CL as BEQRD.

N1C RECCWES NPG AND CUAGLELS ENABLE NPR CLock Fog L C¥lLe
i0oo NS DeLay —{NTL DN NP IN AINT2 BUS

UBUS NP A2 INT L UYN NPG TN fi/vfifg% odfifzugfig gg’;’s’;’
INTL UNNPGIANACNTY RED ‘ ’
INT2L NPG SYNC INTZ NPG 2BSYDPSL AGL 15) «Mé—a

INTL UN nfle (N INITITES DLY UBUS A &d

' # L TNTZ NPG BaS), 0PsT aDRIT; w:-a

_ UBUS Al -

100 NS DLY T2 NP D06 ANT2 NPRCLK

P1E ASSERZTS SACK oy UNIBdS - 'l
150 8S DLY

INTZ NPE SYNC A INTZ NPGDLY! -
INTZ NP&E SACK 4 INTL SACK out” .L
IBUS Sack : '

¢ T sewvs MSYN - waits Pok.
SLIWE RESPDNSE

INT2Z NPRSTART¢ INTL ScND MSyN;

UBUus msyn

UNIBUS D€ LAY

| U MEMDRY oPELATION COMPLLTE

Il Prors NPG : WHEWER. Al SR DIV -THANG
‘ IF TDLO, DN 1S ON U BUS .

1l SEupsS <LAWE SYNC

stloF - 1 Die Geventes NPR CLES
VEUS SSYNL INTL SSYV WA
ANT 2Z NP GTART| INT 22 SELELT

SOSYM A INT2Z 1D FILe &£D ),

— INTZ CLR .m>SYN

Voo e Z20F 2.-
FIGUREY, NPr OPEATION SHEET JoF 2- SH O£

D2-2¢«



v
INITATE PAM WR CYCLE

INT2Z MPR STARTA\ IWNTZ NFR CLK .

INT 22 WR Pam,

CNT Y D@ TRANSA ZNT 2 WAAM

CNTL W PLS

CNTL ADE B:2—»DPsd{dam Ape=12;)

(SO NE OLY

!
TENABLE CLEAR CYCLE L
KEMOVE MASTEZ SYNCL TDLE )
RENDIE BBUSY 1E ADN T2ANS

INTA Wi RONA 2T 2 NAR (LKY

AINT 2 cleal CNELE L

TNt CLI CYLLEL A WT2 DU TILLED)
anv12 CLR EBSY |

dure CLECYCLEL P ANT2Z CLR MAVN

.
\SON<. ecnd

v
ENAxLE oL CYore 2.

REmove meusy (TDIBTaANS)
GExTT Bus ComeP T RESINC

cLK (CLR INH CLoeK PLoP)

NPR OfenAO SHéeT Z2or-

D »-25



DPSS 1 INTER A_c(

I

CNT 4 TeAns Red CovSED BY

1) CN1Y DEX ADRZ A-DIAG KLiD

D CeNTY DIG E-B RER
) cn1 Y il i/o FUNC

Nrgs L INTEL ALT

CAUSeD BY

1)DPSS 1B 101l ERRTERM
20055 10 TDIL NORNY- TERM

3)DPS5 \g TDL® NOKm TZRM
4 VW55 REGR 1D InT
5)YDPSE 10 tDI ERR TERM

v

EvABLE PTO LINE

cvt U TeANS RGN L EBUS PIRY

Evhri€é PReE-SELECTED

PRID2IT1 LINE (PT1-7),

.
_E BUS DELAY

DPSS 1@ INTER ALT /A\N—CNT T

DIAG 18/4L ) ENABLE PL

: LINE SPECIFIED BY £EnPT,

PT SYSTEM SELLCTS DEVICES
On ANTEANUPTING CHAN

!

EBYS LS04 0= @

EGUS FOU o2 = 4

E BUS DEMAND

Pr SNSHEM SELECTS DEVICES
ON TINERRUPIING o 4o

CEBUS CS YDl = CHAN # OF INT |
E VS 0.2 - “ig

| E Bus DLManD

T

DTE SENDS PUHNS CONTEOLLER¥

1D PI Sy VIA £ E0S

ONT 7 PLT SEQUEDA CNT 7 ScLPILEV!

CNNT o SEND coNTROL. . Gevalxies

E HUS Dos (Dre2)

A SH 2oz3

KLl TINTERAUPT

D R-R¢

SHEET 1L oFED



@5‘(—}-\—00’3

£ DS DLY
T

PL SYSTEM 112085 D0la LINES,
PRIVEIY EnCobes THE PUYS
COMTRoLLER B OF HIGHESTPLL

E S CSoin3= Ly

E BuS (S 04136< CHAN B(d2 7) |
EAUS FOD' P2<5y

E 6US PEMAND

APT FON
ENCODED BYTE
TRANSFEL AND

;
DIC DE(DDES FEPspd AS PL ADRIN
SET VP 1D XFEL APT wWORD—»

£ BNX., SEND £R2uS KN TD

becelecr Diee

.&__¢

MICRO-coDe
DISZATTHES
oN FON AMD

Q y B

[D1E Now HaS

ST 7 L PIT LEVACNOT 7P

ADK IN A CNT 7 PHY NO,SEL!

Ot E-BUS SEND DP L (MG

ACK 7 E BUS ACKN

CNY & € -0 58D 0P *, CNT o TAANS!

E BUS XFEA (T8LS €4DK APE wMD IS ON

EBUS) APL LoD 1S ASSEMALED IV
T INE _ELVFFER.

baTA ON EBUS
2P =35 = woRp
28235 : BYIE

TOI0 TYTE COUNT

EQUIRED. EBDX
SUPPLIES COUNT

AT SoME LAER
NmME VUSING
DATAO,.

fli

PTE ReSYNCS

CLKS AN INCEL-

mewTs 10 TWE
NEXT MAJIDA..

st

CNTY TDLG WMANCA
CNt b TDPSenNT !,
ICNT (0 2DS SelY

‘

KLig drvertRurT

£B0y ASSELTS
DemAND TV

STHODE DAYh
- AR

D A-27

SHECET 20¢3

RE - EVTER
MANOR STATE

PLOW



SH 20FD

elosr

APT WOKD COUTAING.

FCN= 5S¢ (DEP)

Q - (j or L

1%-35 = D& oD

EN CNTG BUS SELZE,Y, A

TM GAE afr »ORD ¥ 2 KJUS

:
DTE RESWNCS CLOCKS ,STEr%

CTHRY MINMIR STRES wPl, wPz,

ANDR WDI 1D ASSEMBLE DEP

T D11 WORD 1IN & -BJIE FRIM

Ron. DE <s€18 P SenvT,

!
MICKD Cope DD von O 5

1D DISesTH TD DTEe DATAX

MICZD (NST, € 6% MNDW

AKELATS FOBid2 = DATAT WITH

DLMAMD,

DTE DECHDED PaThAL oND ~&a1es

Dot Fllom € e =P E32JS

D BL LonDed =+ AR or LEOX

CWT1 DATAZACNT4 DEXA

CuTL IDP senT: CVTR

BUS SEL A, X,Y,2,

]

N\ SH 2ol
C

| XAMINE
APt U)O@ CONFAINS

o = ¢ or)

[5=35= TRAMINE ADL

EN CrL L BUS GCeL A, Z YT

Gote APT wWokD — £ &S

M\CRO o€ USES Fel or ¢ 1D

DisPATTH 1 DTE DATAD MICRO

INST, EeoXx will Aser1”

DATRO WITH DEMAND AND

20 BIT EXAMINE LWIRD oN

£ &>

DTE LoAIS L4498 DAL 2‘13-0://%5{,
AvD EESYNOS ClodeS &Y

CLEAUNG CnTA TRH CLK

l RETVZN 1D |
Examine
ovan N

D1E RESYMCS CLOckS AVD INCRE-~

MENVTS TD NEXT MNMANMR STINTE

FEteHES DATA

PEMAND

TOW XFLHL

DATHA \N
| W“-/ i,

)

QF:E-:};A&-BEE E BOX 3SUPPLIES
MCeD cobPE | NEW BE ATLHTER

poD ASSELTS
TIME USivG DATAD,

DT RESYNCS

LLOCKS,

[ ee entere |
MAI DA
S-QMZ',

~

KLLlgp TNTERWPT SKheeT 3%

D =2-2¢



2N
- eevs 's AJ¢— DS BF &6

H
d
n
y
 
(
T
M
Y
 

©O
F 
3
0
y
 
&
%
 
B

-
2

 g

.\\

4_

_DTE CONTROL MBS52

. DIAGEN

E BUS REMOVE DS STATUS

£ BUS DIAG '51’&085

DIAG-Com ST

Sy ]

STROE ffF

<

b e o ]

=

F/F's,

DIAG

{CONTRIE
LoGlc

e s i o

et DIAGL S

. oiAG]

I
m‘;fl‘

4 UBYS DI5 @3

/\.:‘_x
—Pp

ugls D@7

o3 DIAG-cLa

4

UsvS Do

- UBYS DBZ-

UBYS P23 ———

VRS DB5.

S



—

AHere ARE B WAYS D VUSE

AHE DIAGNDSTIE wJS.

TMMEN ARE |

Q) 0IaE CPL STATVS ReaD ®D|Aé— CPU STATUS READ
DiaG FuNcTIDN SULY

DIAG PUNCTION wiTh

3 bIT DATA XFEK.

R - KL Y siLoe3
LY =% PO-1 /b '

@ v DIAG FUNC ouLy
ME POP- 14D LOADS DIAGLL

WITH THE DESIRED TUNCTIDN)

VBUS 15:89 = DS B0, Bl )AND

JB0S Dod = L (piaG commanD | |
CSIARTY). peded CME’)&Q

‘L |

THE ENCODED FUNCTIDN 15 FLALED

ON THE £ &US DS LINES,.

L LS DIALSTOBE IS THEN

A<SELTED 1D INDICATE 1AAA

THE DS Lines AL s1AdLE

AND & INDICATED FUNCTION
SUDULD B& PERkFoMED.

CuTZ DAL PSP 6> E BUS

DS bt { BIT 7 =L)
CMT3 DIANG Com STALT(N A
CNTT WRCLK (Y cnt2 SYNCL)

Cvt 3 Syme (VA T 7T WRCLED):
ONT 2 SIRVEE VIV E 8dS Dinlr

Sobl

v

v o
PDP-1174b DOES A LOAD REELr! STE A

OPELNTIDAY im Dlfi\é—J.,wlfH:

VEus bd? =¢=-E.:%-:Js REmnye S1ATIS,
ALL omReR UBUS D 8115 =@

DPSL ADRAH!L ¢ CNTZL SelL.DiAlrL!

CNTL DIALr\ STRG | ENABHLE UBUS

DATA —» NIAGL REl (CoT 3D

v

NTER LSEC 5 PUP. 11 CAN READ LINCS |
M iTr A DIAGREG L READ op (DATT> VIAGL)

LLexd DIAG BEL L AND DZ2oP
SHLOLE

CNAS STLOREUIA CNT 7 WrR LU )

CNT 3 Ding CLR (1), CLRS DinG @E6L

W13 DIl Com st1oeT (@) ! Enr2

STYROBE (A

w ENALLE BASIC CPUSTATUS - UNIBUS

P1549, S1Mvs BITS AKES

DS. UGus P VSAGE (1)
o0 ] g

gL 14 g ( NOTg2 13 @'}-ussb
g3 12 of

g4 11 KL CLK ERROR STOP
g5 I KL RUN F/F

dé o9 HALT ~ U CODE TS

L IN MHALY LooP

Il PROGEAN
Can evilubie
borty

¥
DIAG CLR 1S DeofPeDd AT

W& CLE 4L

CNT 1 WE CLK 4] 4 COT 3 DIAL GLEld)

¥
[ olac-
FuNCTION

S £X¢

BN KL ’

D/ DA GRNOSTC ByS DPEAATOR Sheer L os

D 2-32



DAL FUNC WiTH 206 BT XFEL

DATA O KLLY

X pATA FROM KLL?

POO-10 LOADS DIAGRELL u)er ML

DIANG PUNC, DIAG KLLG (VBuS DB3),

PDP-1 1/40 musST LOAD DEX DI,

2 AND 3 -» RNV\ WITh 36 BIT

WORD.

uD DING wmmStarRT (Un)S Dasfl
t U‘US D7=) r‘;*

O1Z 1S FoRLeD 1D Locik10 Dex
MAIDR STATE AP EXAMING-

CNT 2 DInG SENDDBIA CVT 3 DIKG kL)
CNTS DIAG EXAMN

1)1 % p Al EXAMNA NT 7 STATZ CLEAZA

CN1T 3 SYNCO) :UNT S DEFP®D) ¢

CMT 5 DEX START (1)

CNT U PEXNA CNTS DEXSTART= LOLK

It Véx madoid <iATE

Pof /4o SEFS DIAG KLLD INDIAGL

DPSL ADR H11 5 (NT2 sel DIAGL

CNTZ DIAG | 5TREG

CNTD UN DAT @3N CuT2 DIAGrL

Ste . CNTS DIAG KLLA (1)

PRP 1 /0 INMMIATES A TEPOS IT OPA/ IR,
[8

DPskb ADe dil [ CN12 <LL ADRZN

CNTZ DATD | CNT 5 DéEX STalT (1)

THE Diflr FUNC 1S BLCEWED AND De(OMD
BY THe KLLO . Wl RERKSTZD DATA

1S CLML» OMN TIE E£BDS

j
THE Déx MINOR STAES AE NOT RELD

AID VO AT 1S GENOATED » KL LD

D1e wus N Db .Muozg <TA®E .

TTMWE MINOR STATES e LT WelrD

AS DSUAL. ATTEE DEX ADK in FORK

RS ComP AS MO INTeAPT 1S

GENEIGTED AND AN APT (WDZ2

o AT SENT-

)
WHEN Diee CsMm sfrm'r" (‘_c,!:mcs/ 1%¢4
IERUESTED PETA wiL B€ IN

OV LOCaWINS Dex ¥ DL, WP2, WD2Z.

CNTY DEXUDY A CNT S DEX s1ART

CNY 4 STATE BaL? (D)) L0k DEX.

CNT H DEX ADRZN\ .—CH13 DING

KL1B (@Y ' NO INT VIA TLANS e
AND NpD CLK VOB KT

Il Proeria

CLES X DYN(:

AND Fg TIHES

DAyTA

DTe /Dinenss

THE 3 Bir word (S LoARED TL

THE CEBUFFErZ DU ING M NOA

A TES X WPt fwpe frup

¢ RUS OF

SHS o3

sneeTz oFf 2
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DEX MINOR sTATE S&¥5 1D

DEX ODNE. ANMD RESETS THE

DEX START FlLOP

CHAU DEX DDNE! CNTS DEX START&

y
TNte PDP LODPING PROGLPAM SE£S

ME DEX DONE STATUS AND LOADS

DIAGL wink THE FOLLOWIN(5. g 17
D DlAL TUNC O DNIBUS D19:09 L~ ¢

(WHELE 1D STORE DATA “
2) Sér DAL KLi® (Yeys D¥3)
3) DIk cemd (UBvs DBS2)

) Dt comm starT (UnUs DBS)
5 ) s Lk e

b
ME E AIS DS LINES= DIAG FUNC,

THE EBUE 1S EnbLED = £ nUS

Me Dinle PUNC [SSMOGED TD

TMME KLLD VIA DIAG sTKOLE-

CnT 2 DIAG uL_Lw/\ cvT 3 DIAL- SENP!
CNTOL BUS SEL A X, Y, 2.

!
DIAG REGL CLemrnS ITSEL= AT

one cve Time (ent3\ AnD Thesié-

oy COMPLETES THE OPENATION
-

+

DTé/D!AG—NOY‘f‘C BUS of SHEeT S0I
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1=KL RUN F/F=1

1=KL CLK

ERROR STOP-

’Uulaudg?

REPRESENTS VECTOR INT ADR BITS 4 me,

1=DTE,IS IN 10/11 DIAG MODE e

1=MAJOR STATE=TOll TRANS

1=MAJOR STATE=TOLl0 TRANS w—

1=DIAG COMMAND IN PROGRESS emmunmy

(DIAG COMM START)

NOT USED () e

1=MAJOR STATE=DEX sy

v 1=HALT

(1) -
CODE IS

IN HALT

LOOP g

7/ g |

DS | ps |Ds |ps|ps | ps | ps | pEx|To1g| o011 prag
g8 | 21 [ g2 83|84 | @5 26 ' 10/11

15 ) 14 J13]1211 |15 | go| g8 [@7 |ge | gs palg3lp2]|g1 |gg

. | J | ,

7} g .

KL1¢ DIAG FUNCTION p—

REMOVE STATUS=1 CAUSES KI TO

'STOP SENDING STATUS ON THE DS
LINES SO THAT A LOOP BACK TEST
CAN BE PERFORMED ON THE DS LINES

(SEND DATA)

1=SET DIAG 10/11 MODE~

1=GEN SINGLE CLK CYCLE =

IF 10/11 MODE

1=DIAG KL1lg

1=DIAG SEND

l=DIAG COM START=

FIGURE 1 - DIAGNOSTIC WORD 1
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INDICATES CURRENT RAM ADDRESS

g

A BUS COMP

ALLOW THE

RELEASE OF

RAM| RAM|RAM |RAM DTE 4
ADR |ADR |ADR [ADR | UNUSED # | MINOR STATE COUNT | g| 

CLR321 |g

IBUSE%> 15 14 113 (12 [11—pg7 | g6 | g5 g4 g1 | gg

| 
g 

g 
g

1=EMULATES —d 1=DTE CLEAR-———J

CONDITION TO 
LOAD THIS

VALUE TO

THE MINORTHE GATED CLOCKS. 
STATE BINARY

COUNTER

FIGURE 2
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DIAG WORD 2

DTE 1-37
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UNIBUS %

INDICATES CONDITION OF THE

. peweweme CNT1 SWAP SEL LT SIGNAL

15 14

RESERVED FOR UNIBUS PARITY

g1

TO1lgd

MODE

29

INDICATES BYTE OR WORD

MODE FOR TOl@ XFERS.

1l = BYTE MODE

g = WORD MODE

FIGURE 3 DIAG WORD 3

D2- 35

DT E//-32,2¢

—



9¢
-¢
 @
 

|
Q4

0M
 
SN

LY
LS
 

t 
F
o
I
4

3
t
~
 
R

A
M
m
o
o

b
 
=
D
 
=

SET TOl@ NORM TERM STATUS (DIAG ONLY) S
T L__.TOlfi BC WENT TC @ OR PDP-11 SET STATUS BIT

CLR TOlf# NORMAL TERM STATUS .— |

T

i \

SET TOlg ERR TERM (DIAGONALLY) —_—

£E
T

TOl§ ERROR TERMINATION CAUSED BY: 1. NPR UNIBUS P.ERR
—. 2. PDP-11 MEM P.ERR 3. UNIBUS TIMEOUT DURING TOl@ XFER

CLR TOlf# ERR TERM e |

T

—— RAM DATA OUT = @'s (DTE MUST BE SINGLE STEPPED DIAG

ONLY)

SET 1¢ REQ'S 11 INT STATUS - THIS CAUSES
VECTOR INT TO 11 (11's DOORBELL)

—— 1¢ HAS REQUESTED AN 11 DOORBELL INT.

CLR 1g REQ'S 11 INT STATUS (EN MORE DB'S)
(11 ANSWERS DOORBELL)

g1
t

—— DEXWORD 1 - (SINGLE STEPPED DIAG ONLY)

CLR 11 MEM PAR ERR FLAG 6
d

—— 11 MEM PAR ERR ON DATA FETCH FOR TOl@d XFER

SET REQ 1f INT STATUS - CAUSES VECTOR INT
TO EPT LOC 142 8*N (11 RINGS 1@s DOORBELL)

8
¢

11 HAS REQUESTED A TOlf§ DB AND 1@ HAS NOT YET CLR'D
THIS BIT

SET TOll NORMAL TERM FLAG (DIAG ONLY) L
y

— TOll BC = @, XFER STOPPED ON NULL CHAR. OR 11 PROGRAM
‘ SET 11 DONE STATUS '

CLR TOll NORM TERM FLAG 9
g

—— EBUF SELECT (SIN STEPPED DIAG ONLY)

ENABLE DTE TO GEN TOll BR REQ'S ~—— NULL STOP

CLR EBUS P.ERR'S ve
| 

s
d

—— EBUS P.ERR

DISABLE DTE FROM GEN BR REQ'S —— 1 = RESTRICTED MODE

SET EBUS PARITY ERR Zh
| 

€
8

©
 
>
 
m
 
o

—— DEX DONE

SET, TOll ERR TERM (DIAG ONLY)

1
1 “
t
 
-
1
 3
4
d

—— TOll BYTE ERR TERMINATION

CLR TOll ERR TERM FLAG o
d

[—— DTE IS ENABLED TO GEN BR REQ'S
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KL-10 CONO, CONI FORMATS

TO1l NORMAL COMP (BYTE CNT=§) — - 11 MEM PARITY OR UBUS

' \ TIMEOUT OCCURRED
TO1l NORMAL COMP "1 BIT —
WAS SET (BYTE CONT=@, OR — DTE PI@ ENABLED
NULL CHAR)

1p HAS REQUESTED DB INT — . ERR OCCURRED ON

AND 11 HASN'T CLR'D IT , . TOll XFER

11 PWR FATL 11 19 DB ——, ‘ CURRENT PL

CHAN ASSIGN-

4 Tk # e J[ . .
TO11l|CLR |[SET T010 | TO11 TO1ll |TO16 |TO1@ .

g's ' Dl11| DB [R-11|rR-11 | @ DB |ERR 'NORM [NORM| ERRPIg | PI CHAN#

_ COMP [coMP

g- 19/ 20 |21 22 {23 24 25| 26 |27 |28 | 29 30 | 31 |32 |33 -~ 35

Bz —— | | MBZ I LOAD THIS PT —
MBZ —— - CLR THE TO1l m ;HSE;GN'

, NORM AND ERR BIT 31 = 1
CAUSES DB INT : - | TERMINATE .

- FLAG. CLR PI

~ CLR RELOAD 11 ‘ REQ. . _ ‘

SET RELOAD 11 . CLR TOl% NORM TERM —J

AND ERR TERM FLAG.

CLR THE 11 REQ 1§ INT. FLAG _ CLR PI REQ.

PI LOAD EN.
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The.DTE will generéte and check parity on
deposit examine data and byte string data. It

will not gefierate parity for CONI's to the DTE

and will'not detect parity for CONO's or

DATAO's for the DTE. The parity will be odd

parity.

When a parity error occurs, the bad data is

in the RAM and can be retrieved by the 11/49

for error reporting.

Turn to Figure 1, E-Bus parity logic. This

figure will be used to help describe the

generation and detection of E-Bus parity.

First, the parity generation. The parity

will be generated for 36 bits;in a deposit

operation and for 16 bits in a TOlg transfer.

If the TOlg transfer specifies byte mode, the

parity generationis on 16 bits, therefore

to insure correct parity on the transmitted

byte, the other 8 bits in the TOl@ data RaM

location must equal g's.

On Figure 1, locate the two 7418¢ parity

T S o o ob G
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generation chips.

The data input to the chips is the 16 bit RAM

output. Therefore, to generate parity for a

36 bit deposit operation,lthe parity is

accumulated each time a DEX word is read from

the RAM and placed into the E-Buffer. It is

important to note that the unused LP&Sin DEX
'

Word 1 must be zeroed or bad parity could

occur. For TOl@ byte transfers, the parity

is generated at the time the byte or word is

loaded to the E-Buffer to be transmitted.

Assume a 16 bit transfer is going to take

place and the word to be transferred is being

read from the RAM to the E-Buffer. The RAM

data is also felt by those two parity chips.

Also, assume for simplicity, the 16 bits are

all zeroes or even parity. Therefore all

inputs, 15 through @@ will be low to the chips.|

Pins 3 and 4 on the chips will also help

, These -
determine the chip output.A Signals come {'rom

the parity flip flop to the right of the parity

chips. This parity flip flop is forced to a

.4 _condition at each control 4 con ggatg clear |

D 2-40



time. This is generated each time a major

state toggles. Therefore, the parity flip

flop will always start in the @ condition.

That makes output 5 low and output 6 high.

Following the signals back again to the left-

-most.parity chip, this allows the in Even |

signal at pin 3 to be high. With even data

on 15 through @8 and the in even signal high,

the chip will ofifput.a high on pin 5 and a

low on pin 6. With even data on 7 through g

of the next parity chip and its in EVEN high,

pin 6 of this chip will be asserted low. This

low is presented to the D input of the parity

flip flop. When it'é clocked with control 2

parity clock, the flip flop will remain at a

@ condition. This flip flop will now be used

to generate the odd parity bit to the E-Bus.

Follow pin 5 of the flip flop to the left and

‘down to an "and? gate. This is at a low level.

When contrbl 6 gbé.select Y is generated to

gate the data to the E~Bus it will also be

asserfied low to this "and" gate. The high

from this "and" gate is passed inverted to the

D 2-4)



E~-Bus as E-Bus parity‘L.and thereby asserts the

odd parity for the even data just sent out.

In the case of a 36 bit deposit operation,

control 6 bus s’el Y is not generated until the

entire 36 bit word.has been packed to the

E-Buffer from the RAM. Therefore, the parity

bit genefation is an accqmulative process

between the parity flip flop and the parity

chips. The parity flip flop will be clocked

with the parity chips output each time a DEX

word is read fromitheRAM to the E-Buffer.

After the 3 DEX words are read from the RAM,

the bus select Y signal will allow the accu-

mulated parity bit to be transmitted along

with the data.

The E-Bus parity line will be asserted low to

represent a 1 condition for the parity bit.

At this time, you should stop the tape and

review the parity generation sequence. It may

be helpful to you to associate Figure 1 with

the parity logic in the prints. So stop the

tape and do this.
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Let's take a look at the logic used in parity

detection. Again, we'll assume a condition.

Assume a Toil transfer is taking place, word

mode is present, and the 16 bits contain an

even number of 1l's - thereby making the E-Bus

parity bit active to force odd parity.

On Figure 1, the E-Bus parity line will be

asserted low, representing the active parity

bit. This is inverted high and gated to the

parity flip flop at demand and special DATAO

time. Pin 4 of the parity flip flop, the

Fnesef’ pin, is asserted lqw. This forces the

flip flop to the ones condition and therefore

"captures" the parity bit from the E-Bus.

When the 16.bits of data is written to the RaM

from the E-Buffer, the RAM outputs will reflect

the RAM .inputs, therefore the data being

written can be felt at the parity chips.

Assume data lines 15 through 8 contain an even

number of ones. Pin 3 on this chip is low and

pin 4 is high, reflec;ing the parity flip flop.

outputs. Therefore, with the in odd line

active and even data on the data lines, the

D 2-43



leftmost parity chip with assert pin 6 at a

high level. Assuming bits 7 through zero are

even, the high level on this chip at pin 4 will]

force the chip to assert its pin 6 at a high

level. The DPS4 parity odd signal being high

when clocked into the parity flip flop will

force the flip flop to a 1's condition, making

pin 6 low and 5 high. Follow pin 6 to the

right from the flip‘flop. If a parity error

occured pin 6 would be high. 1In our case, the

odd parity was EOmputed correctly making pin 6

low. TLet's assume that the parity was in-

correct and pin 6 was asserted high at gated

‘write clock time, making the "and" gate. The

"and" gate just before connection A will

Propagate the parity error signal for two

different operations as can be seen by the

inputs on the "or" gate here. One of the

times is at TOll minor state ADR increment.

This is the last thing to occur for a TOll

transfer. The other condition for propagating

the parity error is at_DEX done time for an

examine not occurring in KL1@ diagnostic mode.

~Therefare, a parity arvor isgeneratingat the |14 P~ 3 - . '
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completion of a TOll trans or examine operation

- if the DPS 4 parity flip flop is in a @ con-

dition makifig pin 6 high. You should be able

to follow the rest of the sequence for

generating the appropriate interrupts ofi your

own.
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DTE-2¢&

1.1 INTRODUCTION .
Each central processor in a KL10 system may have from one to four PDP-11 processors attached, each
serving as a “front end” processor. Each PDP-11 is connected to the KL10 by a separate interface
called the DTE20 Console Processor Interface, or simply the 10-11 Interface. The following are some
of the possible front end functions:

Handling unit record equipment

Handling asynchronous communications equipment

Handling synchronous communications equipment

Providing a long term power line ‘requency clock | ‘
Diagnosing the KL10 Central Processorand other functional components in the system
Running a dedicated real-time data acquisition system

Bootstrapping the KL10 system.N

In terms of basic featurss, the DTE20 generates parity for Deposit data and detects parity errors for
both Examine data and byte transfers over the EBus. The DTE20 connects to the PDP-11 as a stand-

ard Unibus peripheral and communicates via interrupt or device address. Up to four DTE20s may be
connected to a PDP-11. In a system consisting of four KL10 Central Processors, there may be four

PDP-11/40 processors, where each processor can communicate with all KL10s in the system. It is

possible to have up to four DTE20s on each PDP-11 in the KL10 system, and each KL 10 processor

may have 1, 2, 3, or 4 DTE20s connected to it via the EBus.

- The DTE20 uses the NPR (Direct Memory Access) and BR (Vector Interrupt) features of the PDP-11.
. In addition, the DTE20 contains logic to detect PDP-11 core memory parity errors during NPR trans-

- fers, provided that the memory being accessed contains the parity option (MFU11 UP),

The DTE20 provides the fdllowing capabilities:

I. Console functions at Examine and Deposit, restricted or unrestricted.

2. Doorbell function, where the PDP-11 can interrupt the KL10 Central -Processor and vice

versa. . |

3. High speed simultaneous two-way transfer of variable byte data between the PDP-11 and

KL10 memory.

4.. Diagnostic bus for the PDP-11 to diagnose the KL10.

5. KL10-initiated bootstrap startup of the PDP-11 mechanism (diagnostic bus) to load the

microcode into the CRAM, execute PDP-10 instructions, and start or stop the KL10 Cen-

tral Processor.

D -l
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The following terminology will give some perspective on the front end and its relationship to the
DTE20.

PDP-11 Communication Region - This region consists of an area of KL 10 core memory defined by the
deposit relocation and protection word in the Executive Process Table (EPT). This area is written by
the PDP-11 using protected deposits, and read by the KL10. It is used for coordination of status,
preparing for byte transfer operations, and passing limited amounts of data. Each PDP-11 in the
system has a separate communication region in the KL10 memory, which it alone can modify.

KL 10 Communication Region - This region is defined solely by the KL10 software and is separate from
the PDP-11 communication region. It can be written by the KL10, but may be read by the PDP-11
using protected Examines. This area is used to coordinate status, prepare byte transfer operations, and
pass limited amounts of data (Figure 1-1). - ’ '

l-—- ePT -—-I
IPRLE /P8P )7 . le-— kL 10 memony ——l -~ Jp ’J; |‘_ PDP-11 MEMORY —-I

fAGe o ~ | . _
& r TO11 BYTE POINTER 140+8n

43 N
TO10 BYTE POINTER

FAONT END
KL10 OTEQ INTERRUPT SOFTWARE

0 INSTCOMMUNICATIONS -

REGION < 
RESERVED / -

Rea0 ONLY B 
orea8y PDP.11 READS FROM 74 EXAM PROTECTION WORDPOP11 % THIS AREA BUT IS % gASE ADDRESS T /

q //,7///////,74/////////'////% - S 41 17/ . | oeposiT PROTECTION WORD / /

DEPOSIT RELOCATION WORD 7] 147+8n

‘, 
|/// o«‘g’o vl s e

CONAUNICATIONS / INTO THIS AREA / ‘\A‘_" ' I 7REGION / ANY MAY ALSO / 4 c 3
READ PROM IT. :READ AND WRITE %/1’/1/111_11/:11/11 ' 7 -/% 8 V::flnos

8Y POP.11 // : © 167

/ // 7o4 
8WORDS

PI SERVICE \oTE 31
ROUTINE __ 127

. ‘."!

- : // "3 10-1788
’ ’ )

Figure I-1 Overview Communications Region
}
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——+FM ADD MICRO CODE
BRX r—ismmSCfiD SCADB ~——+ SH or ARMM SKIP C
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1080,2040,2060 ENGINEERING FUNCTIONAL SPEC = CHAp 2,8 PAGE 2

COMPANY CONFIDENTIAL = KL10 PAGING = REV 2

THE KLiO PAGING FACILITIES ARE INTENDED 1O SUPPORT
SOPHISTICATED OPERATING SYSTEM FEATURES, 1¥CLUDING IN

PARTICULAR}

1, EFFICIENT PROGRAM WORKING SET MANAGEMENT AND DEMAND
PAGING, '

2. EXTENSIVE S8HARING OF DATA AND PROGRAMS ON A

PAGE=BY=PAGE BASIS, 
.

MUCH OF THE MECHANISM DESCRIBED HEREIN I8 IMPLEMENTED BY KL1O

MICROCODE RATHER THAN SPECIFIC HARDWARE, THE COMBINATION OF

HARDWARE AND MICROCODE WHICH IMPLEMENTS THIS SPECIFICATION wILL
BE REFERRED TO AS THE KLi0 PAGER, THE KL10 ALSO SUPPORTS KI10

PAGING AS A SPECTAL MODE, KI10 PAGING IS NOT DESCRIBED IN THIS

CHAPTER, 
:

THIS PAGING DESIGN ALSO SUPPORTS THE EXTENDED ADDRESSING

FACILITIES OF THE KL10 PROCES80R, AND IT 1S EXTENDABLE BEYOND

THE 312SECTION IMPLEMENTATION OF THE KL10, THE PHYSICAL CORE
ADDRESS FIELDS SUPPURT UP TO 27 BITS (134 MILLION WQRDS) OF

PHYSICAL CORE MEMORY) THE KL10 IMPLEMENTS 22 B1TS (4 MILLION

WORDS) OF. THIS, THERE I8 ALSO AN IMPLICIT LIMIT OF 2##23 (8

MILLION) PAGES PER DISK STRUCTURE (4 BILLION WORDS)Y,

NeB, "COKE" LN THIS DISCUSSION IS8 NOT MEANT TO SPECIFY A
TECHNOLOGY, BUT A MEMORY SYSTEM WITH ACCESS TIME AND CAPACITY

SIMILAR TO CORE,

ADDRESS SPACES

THE USER ADDRESS SPACE 18 HOMOGENEOUS AND CONSISTS OF 32 EGUAL

SECTIONS, SECTION O IS NOT TREATED IN ANY SPECIAL MANNER BY

THE PAGING FACILITIES, THE SECTION TABLE FOR THE USER ADDRESS
S8PACE RESIDES IN THE UPT AND CONSISTS OF 32 SECTION POINTERS,

THE EXFC ADDRESS SPACE ALSO CONSISTS OF 32 EQUAL SECTIONS, ITS
'SECTION TASLE RESIDES 1IN THE EPT AND CONSISTS OF 32 SECTION

POINTERS, THE MONITOR SOFTWARE CAN EFFECTIVELY DIVIDE THE EXEC

ADDRESS SPACE INTO PER=PROCESS AND PER=JOB AREAS THROUGH THE
USE OF INDIRECT POINTERS (SEE APPENDIX), HENCE NO SUCH DIVISION

NEED BE BUILT INTO THE PAGER, IN A MULTI=PROCESSING SYSTEM,

EACH CPU HAS LTS OWN EPT AND HENCE ITS OWN EXEC SECTION TABLE,

SECTION POINTERS

A SECTION POINTER REPRESENTS AN ENTIRE BSECTION, I,E«r A
256K=WORD ESS 8PACE, 1T TABLE WHICH IN

TURN CONTAINS POINTERS REPRESENTING EACH PAGE OF THAT S8ECTION.



1080,2040,2060 ENGINEERING FUNCTIONAL SPEC = CHAP 2,8 PAGE 3
COMPANY CUNFIDENTIAL e KL10 PAGING = REV 2

THE SECTION -POINTER MAY BE JIMMEDIATE, SHARED OR NDIRECT
FORMATY IN ANY CASE, IT MUST_YIELD THE PHYSICAL CORE ADDRESS

OF A PAGE CUNTAINING A PAGE TABLE,
el

PAGE TABLES

A_PAGE TABLE 1S A PAGE CONTAINING PAGE _POINTERS FOR QAE

SECTION, — THERE ARE 512 PAGES PER SECTION AND £ACH POINTER IS

ONEmdf=BIT WORD, HENCE A PAGE TABLE IS A FULL PAGE,

STORAGE ADDRESSES (PAGE ADDRESSES)

A STORAGE ADDRESS IDENTIFIES A PAGE OF PHYSICAL STORAGE IN CNRE
OR ON SOME OTHER MEDIUM, THE FORMAT OF THE STORAGE ADDRESS

DETERMINES ROTH THE MEDIUM AND THE ADDRESS WITHIN THAT MEDIUM,

STORAGE ADDRESSES ARE FOUND IN PAGE POINTERS AND IM SPT ENTRIES

(BELOW), ANL ARE 24=BIT QUANTITIES,

12 17 18 22 23 35
¢..------.----n--.+----.-n-------.*-.-----...---

-+

! | l l
+--.-.-------.u.-.+----‘-o--------+.-----.---

--..¢

CORE PAGE NUMBER

IF Bl2e1730

IF BITS RS TDO COK MEMORY, BITS

23e38% ~AL 'RE PAGE (Biy=22
MBZ), UNLY VIRTUAL ADDRESS REFERENCES wHICH TKANSLATE TO

PHYSICAL COKE ADDRESSES CAN BE COMPLETED Y THE PROCESSOR,

JF BITS 1217 N_THE ADDRESS IS SOMETHING OTAS

THAN —RLYSICAL __CORE (E£,G,, DISK TUAL ADDRESS| J

REFERENCE WHICH TRANSLATES TO A NUN=CORE ADDRESS CANNQT _j

: A" HE PROCESSOR, R '

INITIATED, THE FORN/
THE PAGER BEYOND THE CONVENTIONTHAT 8ILS 12=17 ARE NOT O,

PAGE POINTERS

THERE ARE THREE TYPES OF PAGE POINTERS, IMMEDIATE, SHARED, AND
INDIRECT, THE POINTER TYPE IS ENCODED 1IN BITS 0=2 OF THE

PUINTER AS FOLLOWS? ——e
N — Ay—r—>

0 NO ACCESS .5"53 HE567—=1

1 IMMEDIATE
T

2 SHARED
- w_a

c 3 INDIRECT

N

U7 Luossd
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- COMPANY CONFIDENTIAL = KL10 PAGING = REV 2

4=7 NOT USED, RESERVED,
mm—— '

EACH PAGE POINTER CONTAINS ACCESS BITS WHICH DETERMINE WHAT

TYPES O(OF REFERENCES MAY BE MADE TO THE PAGE, THE ACCESS BITS

ARE HANDLED IN THE SAME WAY REGARDLESS QOF WHICH OF THE THREE

POIRTER TYPES 15 BEING INTERPRETED,

P (PUBLIC,B3) IF THIS RIT 18 OFF, THE PAGE MAY ONLY BE

= ' REFERENCED BY PROGRAMS RUNNING IN CONCEALED OR
KERNEL MODE, SEE KI10 REFERENCE MANUAL FOR

ADDITIONAL DETAILS.

W (WRITE,B4) IF THIS BIT I8 OFF, WRITE REFERENCES MAY NOT BE

— DONE TO THE PAGE,

C (CACHE,B6) IF THIS BIT IS ON, DATA IN THIS PAGE MAY BE

PLACED IN THE CACHE,

BS,7.11 : THESE BITS ARE NOT USED BY THE PAGER AND ARE

RESRVED FOR FUTURE SPECIFICATION BY DEC,

IMMED]IATE POINTER

AN IMMEDIATE POINTER CONTAINS THE PHYSICAL ADDRESS OF THE

ASSOCIATED PAGE IN BITS 12=3%, THIS POINTER TYPE IS ALSO KNOWN

AS PRIVATE SINCE THE PAGE 1S PRIVATE TO THE PAGE TABLE WwHICH

CONTAINS THE POINTER,

SHARED POINTER

A SHARED POINTER CONTAINS AN INDEX WHICH POINTS [INTO THE SPT

(SPECIAL/SHARED PAGES TARLE), THE ASSQCIATED SPT ENTRY THEN

CONTAINS THE PHYSICAL ADDRESS FOR THE PAGE, THE SPT ENTRY I8

FUUND AT THE PHYSICAL CORE ADDRESS8 GIVEN BY THE SUM UF THE SPT

BASE REGISTER AND THE SPT INDEX FROM THE SHARED POINTER, THIS

IS KNOWN A8 A SHARED POINTER BECAUSE MANY PAGE TABLES MAY

CONTAIN SHARED POINTERS TO THE SAME PHYSICAL PAGE, REGARDLESS

OF THE NUMBER OF PAGE TABLES HOLDING A PARTICULAR SHARED

POINTER, THE PHYSICAL ADDRESS IS RECORDED ONLY ONCE IN THE SPT,

HENCE THE M{UNITOR MAY MOVE THE PAGE wWITH QNLY ONE ADDRESS To

UPDATE,

INDIRECT POINTER

THE INDIRECT POINTER IDENTIFIES ANOTHER PAGE TABLE AND A

POINTER WITHIN THAT PAGE TABLE, 1IT CAUSES THE NEw POINTER TO

BE FETCHED AND INTERPRETED, HENCE, THE INDIRECT PUINTER 18

USED TO MAKE A PAGE OF ONE ADDRESS SPACE EXACTLY EQUIVALENT TO

A PAGE OF ANOTHER ADDRESS SPACE,

THE INDIRECT POINTER IDENTIFIES THE OBJECT PAGE TABLE USING AN

7
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E THE PHYSICAL ADDRESS OF THE PAGE TARLE IS FOUND IN

THE ASSOCIATED SPT ENTRY JUST AS FOR A SHARED POTNTRR, THIS 1S

DONE SO THAT THE PHYSICAL ACUDRESS QF A PAGE TABLE MAY RE KEPT

IN UNE PLACE AND NEED NOT BE DUPLICATED IN ANY PAGE PUINTERS,

ONCE THE OBJECT PAGE TABLE HAS BEEN FQUND (AND DETERMINED TO BE

IN CORE), THE PAGE NUMBER FIELD OF THE INDIRECT POINTER IS USED

AS AN INDEX TO SELECT A NEW POINTER WORD FROM THE PAGE TABLE.

THIS NEW POINTER MAY BE OF ANY OF THE THREE PQINTER TYPES OR IT

MAY BE NOe=ACCESS, THE ACCESS BITS OF THE NEW POINTER ARE

"AND"ED WITH THOSE OF THE INDIRECT POINTER, THUS ACCLSS TO A

PAGE IS PROHIBITED IF ELTHER POINTER WOQULD PRORIBIT IT, THE

PAGER WILL INTERPRET INDIRECT PUINTERS TO AN ARBITRARY DEPTH

BUT MUST BE ABLE TO TERMINATE INDIRECT POINTER INTEKPRETATION

TO SERVICE A PRIORITY INTERRUPT-IN THE CASE OF LONG INDIKECT

CHAINS OR INDIRECT LOOPS,

SPT
ot

THE SPT (SPECIAL/SHARED PAGES TABLE) HOLDS PHYSICAL AUDRESSES

FOR PAGES WHICH ARE SHARED AMONG MANY PAGE TABLES (PROCESSES)

OR WHICH ARE USED IN SOME SPECIAL WAY, E.G,, AS PAGE TABLES, A

PAGER REGISTER (AC BLOCK &, WORD 3) HOLDS THE BASE ADORESS OF

THE SPT, THE 8PT INDEX FOUND IN POINTERS IS ADDFD TO THE SPT

BASE ADDRESS To FOorRM THE PHYSICAL CORE ADDRESS O0OF THE

ASSOCIATED ENTRY, THE SPT ENTRY CONTAINS A PHYSICAL ADDRESS 1IN

BITS 12=35, BITS 0=11 ARE IGNORED BY THE PAGER AND ARE USED AS

A SHARE COUNT RY THE MONITOR,

CUORE STATUS TABLE
o

IN ORDER TO DYNAMICALLY MANAGE CORE IN A VIRTUAL MEMORY

ENVIRONMENT, IT 1S EXTREMELY IMPORTANT FOR THE MONITOR TO WKE

ABLE TO OBTAIN JINFORMATION ABQUT THE MEMURY REFERENCES
GENERATEDBY USER JOBS, THE CORE STATUS TABLE (¢ST) 15 USED TO

RECORD AND HOLD SUCH INFORMATION,

THE BASE ADDRESS OF THE CST IS HELD IN A PAGER REGISTER (AC

BLOCK 6, WORD 2), THIS 18 ADDED TO THE PHYSICAL CORE PAGE
NUMBER FROM A STORAGE ADDRESS TO FORM THE ADDRESS OF THE

ASSOCIATED CST ENTRY, A CST ENTRY 15 USED AND UPDATED IN THE

FOLLOWING MANNERY

i, FETCH THE CST ENTRY,

2, IF BITS 0«8 ARE 0, THE PAGE IS LNACCESSIBLE AND A TRAP

TO THE MONITOR IS INITIATED,

3, THE CST ENTRY IS "AND"ED WITH A MASK BEING HELD IN A

PAGER REGISTER (CSTMSK, AC BLOCK 6, WORD 0),

4, THE RESULT I8 IORED WITH THE QUANTITY IN A SECOND PAGELR

REGISTER (CSTDATA, AC BLOCK 6, WORD 1),

5
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5« IF THE CURRENT VIRTUAL ADDRESS REFERENCE IS A WRITE
REFERENCE (AND THE ACCESS BITS PERMIT A WRITE), A ! IS

I0RED INTC BIT 238,

6, THE RESULT 18 STORED BACK INTO THE (ST,

THIS PRUCEDURE ALLOWS THE MONITOR TU SET CERTAIN FIELDS AND
MERGE OTHERS, TYPICALLYs ONE FIELD 18 SELECTED AS AN "AGE",
AND A VALUE PEPRESENTING TIME IS SET INTO THIS FIELD, THUS
PHYSICAL PAGES MAY BE ORDERED BY TIME OF LAST REFERENCE,
ANOTHER FIELD IS TYPICALLY USED TO RECORD WHAT PROCESSES

REFERENCE A PAGE, THIS IS DONE BY ASSIGNING A BIT POSITION TD
EACH ACTIVE PROCESS AND PLACING A { IN THAT BIT POSITION IN THE
PAGER DATA WORD, THUS THE CST WORD FOR A PAGE WILL HAVE ONES
IN THE BIT POSITIONS OF EACH OF THE PROCESSES WHICH REFERENCED

iT, ADDITIONALLY, THE MQODIFIED BIT (B3S) WILL BE SET IF THE
PAGE HAS BEEN MODIFIED, THE MONITOR NEED NOT SWAP OUT PAGES TO
WHICH ONLY READ REFERENCES HAVE BEEN DONE,

POINTER INTERPRETATION PLUW

THE FOLLOWING IS5 A DESCRIPTION OF THE POINTER INTERPRETATIUN
ALGORITHM, IN THE FOLLOWING FLOW, THE TERM "USER" REFERS TO
WHETHER An EXEC QR USER SECTION IS BEING REFERENCED, THIS IS

THE SAME AS& THE PROCESS STATE BIT, EXCEPT UNDER PXCT (WHERE THE
PROCESSOR CAN BE IN EXEC MODE WHILE REFERENCING A USER
SECTION), THIS FLOW IS ALSO REPRESENTED BY A FLOW (CHART IN THE
FIGURES SECTION OF THI1S8 DUCUMENT -

1, INITIALIZE LOCAL PAGER VARIABLES P, W, AND C TO 1§,

2, FETCH SECTION POINTER, THE SECTION .PUINTER IS FOUND LN

THE USER SECTION TABLE IN THE UPT (LOCATION USECT
THROUGH USECT+37) IF THE REFERENCE IS TU A USER
SECTION, AND THE EXEC SECTION TABLE [N THE EPT

(LOCATION ESECT THROUGH ES8ECT+37) IF THE REFEREMCE IS
N TU AN EXEC SECTION, (USECTEESECT=®440) ~

3, TRAP IF A NOeACCESS SECTION POINTER, A SECTION MAY BE
NONeEXISTENT FOR THE RUNNING PROCESS, IN WHICH CASE THE
SECTION POINTER WILL BE 0, BITS 0e2 (QF THE SECTION
POINTER ARE USED AS A CODE FIELD JUST AS WITH PAGE
POINTERS, CODE 0 1S NO=ACCESS, CODE { IS IMMEDIATE,
CODE 2 (SHARE) Is NURMAL SECTION POQOINTER, CODE 3
(INDIRECT) MAY ALSO BE USEDs, OQOTHER C(CUDES ARE NOT
DEFINED,

4. UPDATE ACCESS B1TS, AND P, w, C (LOCAL PAGER
VARIABLES) WITH SECTION POINTER BITS 3., 4, 6

RESPECTIVELY,

S, IF THE CODE IN BITS 0e2 I§ 1, BITS 23«3% C(ONTAIN THE
PAGE TABLF ADDRESS, OTHERWISE, FETCH THE PAGE TABLE

‘
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6,

8,

10,

i1,

12,

PHYSICAL ADDRESS, FETCH FRUM THE PHYSICAL CORE ADDRESS

GIVEN BY THE SUM OF THE SPT BASE ADDRF3S AND THE S8PT

INDEX, THE SPT INDEX IS BITS 18=35 OF THE LAST POUINTER

FETCHED (A SECTION POINTER OR AN INDIRECT POINTER),

TRAP IF THE PAGE TABLE 1S NUT Iw CORE, IF THE PHYSICAL

ADDRESS ORTAINED IN STEP 5 DOES NOT CONTAIN O IN BITS

12«17, THEN THE PHYSICAL ADURESS 1S NOT A CORE ADDRESS

AND A TRAP IS INITIATED. 1IF THE SECTITON POINTER WAS

INDIRECT, FETCH A NEW SECTION POINTER FROM THIS PAGFE

TABLE, THE ENTRY GIVEN Y BITS 9=17 OF THE INDIRECT

POINTER, AND GO TO 3.

CHECK AND UPDATE THE CST FOR THE PAGE TABLE, FETCH

FROM THE PHYSICAL CORE ADDRESS GIVEN BY THE SUM UF THE

CST BASE ADDRESS AND THE PHYSICAL CORE PAGE NUMBER,
TRAP IF BITS 0«5 OF THE CST ENTRY ARE 0, OTHERWISE.

AND C8TMSK, IOR CSTDATA, AND STORE THE RESULT BACK INTO

CORE, THE MODIFIED BIT SHOULD NOT BE CHANGED HERE,

FETCH THE PAGE POINTER, THE PAGE POINTER IS FETCHED

FROM THE PHYSICAL CORE ADDRESS CONSISTING OF THE CORE

PAGE NUMBER OF THE PAGE TABLE IN BITS 14*26, AND THE

CURRENT VIRTUAL PAGE NUMBER IN BITS 27«35, THE CURRENT

PAGE NUMBER CAME FROM VMA BITS 18+26 OR FRUM BITS 9e17

nF THE LAST INDIRECT POINTER,

UPDATE ACCESS BITS, THE P, W, AND € BITS ARE ANDED

WITH THE RESPECTIVE PAGER VARIABLES,

DISPATCH ON POINTER TYPE,

IF A NO=ACCESS POINTER (CODE 0), INITIATE A TRAP,

IF AN INDIRECT POINTER, (CODE 3) TAKE BITS 9-17 AS THE

NEW CURRENT PAGE NUMBER, AWD TAKE BITS 18«35 AS AN SPT

INDEX IDENTIFYING A NEW PAGE TABLE. LOOP BACK TO STEP

5

IF A SHARE POINTER, FETCR THE SPT ENTRY GIVEN BY THE
SUM QF THE SPT. BASE REGISTER AND BITS {835 UF THE

SHARE POINTER,

IF AN IMMEDIATE POINTER, CONTINUE TO STEP 11,

TRAP IF PAGE NOT IN CORE, IF BITS 123=17 OF THE
PHYSICAL ADDRESS ARE NQOT 0, THE ASSOCIATED PAGE IS NUT

IN CORE AND A TRAP TU THE MONITOR 1S INITIATED,

CHECK AND UPDATE THE €8T FOR THE PAGE., FETCH FROM THE

PHYSICAL CORE ADDRESS GIVEN BY THE SUM OF THE CST BASE

ADDRESS AND THE PHYSICAL CORE PAGE NUMBER, TRAP IF

BITS 05 QF THE CST ENTRY ARE 0O, OTHERwWISE, AND

CSTMSK, IOR CSTDATA, AND IOR B35 IF A WRITE REFERENCE

>
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AND W={, STORE THE RESULT BACK INTO CORE,

13, COMPLETE THE VIRTUAL ADDRESS REFERENCE AND/UR LOAD
PAGING MEMORY,

INITIATE ILLEGAL WRITE TRAP IF WRITE AND NQOTew,

THE PHYSICAL ADDRESS FOR THE REFERENCE CONS1STS OF THE

PHYSICAL CORE PAGE NUMBER IN BITS 14=26, AND VMA BITS

27«35 IN BITS 27-35,

INSTRUCTIONS RELEVANT TO PAGING.

SEE CHAP 2,6 OF KL10 FUNCTIONAL SPECS, KL1O INTERNAL IO

INSTRUCTIUNS, FOR ADDITIONAL INFORMATION,

1, LOAD UBR (DATAD PAG,) LOAD EBR (COND PAG,).,

2, CLEAR PAGING MEMORY (DATAQO PAG, CONO PAGs).

3, CLEAR PAGING MEMORY ENTRY FOR MONITOR V]IRTUAL ADDRESS E

4, PAGING ON/OFF (CONO PAG,),

5, DECLARE SPT BASE ADDRESS) CST BASE ADDRESS: CSTMSK

CSTDATA, (DONE AS DEPOSITS INTO RESERVED AC BLOCK,)

PAGE FAIL DATA

THE FOLLOWING DATA IS STURED WHEN A PAGE FAIL TRAP 1S

INITIATEDY

1, VIRTUAL ADDRESS OF REFERENCE

2, USER BIT, PUBLIC BIT, WRITE REFERENCE HIT

3, PAGE FAIL CODE

SPECIFIC PAGE FAlL CODES ARE GENERATED AND STURED IN THE PAGE

FAIL WORD FDR THE FOLLOWING CUNDITIOUNSS

!y PROPRIETARY VIOLATION

2, REFILL ERROR

3., ADDRESS COMPARE

4, PAGE TABLE PARITY ERROR

S, MEMORY DATA PARITY ERROR

S
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ALL OTHER PAGE FAIL CONDITIONS STORE ONLY THE DATA DESCRIBING

THE REFERENCE (ADDRESS, USER, PUBLIC, WRITE) AND THE SOFTWARE

WILL DETERMINING THE CAUSE OF THE PAGE FAIL AND THE PROPER

ACTION,
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SECTION PUINTER

THE SECTIUN POINTER IS FOUND IN THE USER OR EXEC SECTION TABLE,

(PART OF UPT UR EPT,)

SECTION POINTER PROVIDES (VIA THE SPT) THE PHYSICAL ADORESS (F

THE PAGE TABLE FOR THE GIVEN SECTION,

CODE!" 0 NO=ACCESS (TRAP)

i IMMEDIATE

2 SHARE

3 INDIRECT

4=7 UNUSEL., RESBRVED

0123 4656 18 38
(AL XA R EX P PR 2 IS L A A Y R LA AT XL LA R XX A X0 2 2 K

ICORE(PIW) (Cl////7////771 PAGE TABLE 1DENTIFIER |

010 L 4 4 L V2727777771 (SPT INDEX) l
(XA LY P X R Y R L L A Z X AR R A XL A R R A R 0 2 X & 0 3 %=

NORMAL SECTION PUINTER (CODE = 2)

0 2 3 486 9 18 33
222 X R Y RS AL AR L LR LR L S T PRI X X X 2

ICODE|PIW] ICl///|SECTION {S8ECTION TABLE IDENTIFIER!

lotl L 1V L { {777 iTABLE INDEX] (SPT INDEX) !
(AL LA R PN FY P22 R I Y AR XX R AN IR Y R RY YRR Y P X 200

INDIRECT SECTION POINTER (CUDE = 3)
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PAGE POINTERS

FOUND IN PAGE TABLES

0123 465°¢6 12 35
fi----+-¢-¢-+-¢n---*---------..-...------.

--------+

ICODEIPIW] ICLl//7/7/1 PHYSICAL ADDRESS (OF PAGE {

1001 L 4 4 4 dsss2d !
#--o-+-+-+.+-+n---+---..-n.--.-----.----.

o------.+

IMMEDIATE POINTER (CODE FIELD = 1)

Bi12«35 GIVE PHYSICAL AUDRESS OF PAGE

1F Bi2e17 »< 0, PAGE NOT IN CORE=TRAP

IF Bi2ei7 & 0, B23«3% GIVE CORE PAGE
NUMBER OF PAGE, B18-22 MBZ

0 2 3 é 18 35
+--.--¢-.--.-.+--.--.-.-+m¢---.------.-.---.--

---+

JCODE (SAME ASl/////7/7/1 SPT INDEX |

1010 ) IMMEDI//7/477/7] !
*--..-*u..--.-*-.---.-.-¢o-----.-----’--..-.---

-.¢

SHARED POINTER (CODE FIELD = 2)

B18=35 GIVE SPT INDEX (SPTX), 8PTX + SPT BASE

ADDRESS s PHYSICAL CORE ADDRESS OF wURD

HOLDING PHYSICAL ADDRESS OF PAGE,

|/
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0123 6 9 17 18 35
'Y YT YRR RN Y XY R Y AR L L R A AR AR R R X A A L XX 2 2 X

ICODE|SAME A8 }///! PAGE | PAGE TABLE IDeNTIFIER|

1014 | IMMED, |///INUMBER | (SPT INDEX) )
*----+---..--.+---+.'.-..-¢-..--.---..-.u-m--..-.¢

INDIRECT POINTER (CUDE FIELD = 3)

THIS POINTER TYPE CAUSES ANQOTHER POINTER TO BE FETCHED
AND INTERPRETED, THE NEW POINTER IS FOUND 1IN NORD N

(B9=17) OF THE PAGE ADDRESSED BY C(SPT + SPTX).

SPT ENTRY

FOUND IN THE SPT, I,E,, WHEN FETCHING C(8PT +SPTX)

12 3%

*i-----.----...------+------.....-----u.n.w.---CQQ

V1274177 7¢774777¢7/7777) PRYSICAL ADORESS OF PAGE |

8177177777007 1247/1077771) OR PAGE TABLE {
Y P X Y XY PRI YR XYY AR YRR Y P A Y RN T Y

B12+3% GIVE PHYSICAL ADDRESS QOF PAGE,

THE BASE ADDRESS (PHYSICAL CORE ADDRESS)Y OF THE SPT

RESIDES IN UNE AC OF THE RESERVED AC BLOUCA,

[ '~
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PHYSICAL STORAGE ADDRESS

FOUND IN Bi2«3% OF IMMEDIATE POINTERS AND SPT ENTRIES,

12 17 18 23 35
*-.-----.-*0---+-------.-.-------*

i ImBZ | CORE PAGE NUMBERI

l | | JF B812«17 3 0 |
+-----.---*---.¢--------.--.-.---+

IF 12«17 = 0, THEN B23e3S ARE CORE PAGE NUMBER (Il.E,.

RBi4e26 OF PHYSICAL CORE ADDRESS) OF PAGE AND BiB8e22

MBZ, IF B12%17 >»< 0, THEN ADDRESS IS NOT CORE AND

PAGER TRAPS,

CUORE STATUS TABLE ENTRY

FOUND WHEN FETCHING C(CBR + CORE PAGENO)

0 5 32 34 35
¢----..-+-----.----ou.--.-w--------.-.--+c.--

--+-*

!} COOE | l (M|
+.-..-.-+--------.------.-DUUUOQQCOC---.¢---

-.-+-¢

BO=S ARE CODE FIELD?

0 =« UNAVALLABLE, TRAP

1«77 = AVAILABLE

B32e34 RESERVED FOR FUTURE HARDWARE SPECIFICATION,

R3S IS "MQDIFIED"TM BIT, SET ON ANY WRITE REF TO PAGE,

WHENEVER A CORE PAGE NUMBER (PHYS, ADR WITH Bl2e17mQ)

1S FOUND DURING POINTER INTERPRETATION, THE CST WORD AT

CBR + CURE PAGENO IS UPDATED AS FOLLOWSH

t, FETCH C(CBR+CORE PAGENQO)

2, TRAP IF BO=5 =0 .

3, AND WITH MASK FROM KESERVED AC BLOCK
4, 10P WITH DATA FROM RESERVED AC BLOCK

S, I0R B35 IF WRITE REFERENCE

|2
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QUANTITIES IN HARDWARE REGISTERS (RESERVED AC BLOCK)

SPT SPT BASE REGISTER

14 3%

2 22 A XX R X R X2 2 R B R Y B 0 X 2 X

l PHYSICAL CORE WORD ADDRESS |
(XY XY X AR XY A AR S X YA X2 X X 3

CBR CST BASE REGISTER

14 15
I R L L XY AR YR Ay Y Y YL Y B2

| PHYSICAL CORE WORD ADDRESS l
Y I YT IR Y LS Y R R Y P P Y Y Y Y 2 T s

CSTMS8K CST UPDATE MASK

0 32 3%
Y YT YY YT NP YY Y P AR L R T L PSR R L Y Y LY D 2

| MASK J1134 44

I T Y Y P Y P R L Y P L Y R Y L I P L R P Y L Y

ANDED WITH CST WORD DURING UPDAIE

(B32+3% MUST BE ALL 1'S8 TO PRESERVE EXISTING CS1 INFORMATION)

CSTDATA CST UPDATE DATA

0 32 34 1%
LA AL LA L L XTI LA Y L LRI A XA I A LA A Xl At iy Ry XYY X}

! DATA 100010}
LA XTI A AL ST LAY LR XA 2 X R A0 X2 A A X Y B Y 23

IORED WITH CST WQRD DURING UPDATE

(B32«35 MUST BE ALL 0'8 TO PRESERVE EXISTING CST INFORMATION)

ALL UNSPECIFIED BITS AND FIELDS ARE RESERVED FOR FUTURE

SPECIFICATION BY DEC. ‘

14
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HERE WHEN PAGING CACHE

REQUIRES TRANSLATION INFORMATION

!
T P T YIS IIT YL L L L L L A R SYMBQL MEANING

| VMAC13={75>ed>8ECT w0} | .> "GOES TU"

| VMAC1B8=26>=>PAGE NOj | * "ANDED WITH"
14 »» Py | => W3 1 > C| v "ORED WITH"

PP Y I T Y YT T T L L R4 ' "CONCATENATED WITH"

! * "ADDED ToO"

v cC ) THE WORD WHOSE PHYSICAL

/ \ . ADDRESS 1S GIVEN bY THE

YES / USER \ NO EXPRESSION IN PARENTHESILS

Y Y Y Vi ADDRESS \eosves

lUSER \ ? / EXECI
| \ / |

1 \ / 1 ¢opgoveocansoanese$

l \J l l
+-.--u...¢i.---f Q----n-----u.--¢ *--.----.--nc.--.--.---+

| C(UBR'USECT+ | | C(EBR'ESECT+ | | C(AR<23=35>'SECTNO) |

}SECT NQO) > AR! [SECT NO) => AR] | => AR |
¢ RERNBT O T RNONOTe) $PETETGTSESEEAESd Y TIYTTY R L YL X LR L LA X

l | l
#C------------n-+--------a.--.--...--+

l

v

'YX ITT YT LT X LXK LA A A L X4

| AR<O=2> > TYPE) | P ENABLES ACCESS #8Y PUBLIC

| P ® ARC3I> »> Py | W ENABLES WRITE ACCESS

I W ® AR<4> *> w3 | C ENABLES DATA INTO CACHE

I C TM ARKE> => (1 )

.
_
.
.
.
—
.
.
.
.
—
.
—
.
—
.
—
—
O
—
.
—
.
—
.
—
.
—
-
”
“
.
—
.
-
—
.
‘
.
—
.
—
.
—
.
—
.
—
.
—
.
—
.
.
.
.
.
_
.
—
.
.

| TEST TYPE }

'Y rFYYYYT IR R L X LN L X L

l

v

P sy e Y LR L A L R D R AL Ll b bl h

ITYPEI4-7 JTYPE®O |TYPEm{ ITYPE=2 1TYPEa3

l | IMMEDIATE | SHARED ] INDIRECT

UNDEFINED l ] evesnssesss | N YL YT Y 2

v { 7 INDIRECT \| JARC9=17> «>8SECT nOJ!

TRAP P\ PAGE /4 | C(SBR+ARC1RBw35D>) !
! eseseveewe | ! «> AR |

i ! } YT I T YIS Y X AL T X X X 2

{ ¢+veone)| !

| | / \
| YIS I YT YL Y L L L 22 / \

| | C(SBR+ARC18=35>) | NO / \ YES!

Lo > AR | 4==/ARC12=17>\w==]
i teonseasvensrswranasnse l \ s 0 7 /

1(----.--.----£ ! \ /

{ TRAP \ /

v v

E
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!

l

/ \

/ \

NG/ \

+oweaaw/ARC 27>\

| \ =07 v/
TRAP \ /

' \ /

v

| YES

¢

|

'Y I YT Y Y R R R YL LY ¥

|ARC23=38>«>PT PAGE}|

| C(CBR ¢+ PT PAGE) |

i > AR !

Y I X YT XTI YT Y I X Y X X XU

l

/ \

/ \

YES / \
owewse/ AR(Q«5> \

\ 07?7 /

TRAP \ /

\ /

v

! NOQ

v

XTI XTI YR 22X LN X B A &0 X L X X ¥ )

J(AR ® CST MASK)V CST DATA |
l

|

l

l

|

|

|

|

l

+

- AR’

STORE)

C (PT PAGE!'PAGE NQ)

=>AR}

P ® ARC3I> =»> P

W ® ARZ<4> e> W

C ® AR<CE> o>

ARCQw2> o> TYPE

TEST TYPE

|

v

|

:

l

l

{

|

|

!

|
+

PAGE 16

THIS CST UPDATE IS FOK THE

PAGE CONTAINING THE PAGL

TABLE, SINCE NEITHER THE

PAGER NOR THFE CURRENT

REFERENCE IS MODIFYING THE

PAGE TABLE PAGE, wE DO

NUT SET BIT 3% UF THE CsT

ENTRY, EVEN OW A WRITE

REFERENCE,

*.--.-...*-.--..-+-.-.---fl-*--..---‘---.-.'....--*

|TYPE®4»7| TYPERO |TYPE=] |TYPE=m2 |TYPLa]

v | | IMMEDIATE | SHARE JINDIRECT
UNDEFINED| l l )

v ‘ PoNeeTSeveeTaRRR$ A I AT Y LYY R X XXX X2 X X 3

TRAP ! IC(SBR+ARC1{8=35>] | ARKGe17> o> PAGE NO |
i ! ey AR } I YT I I T Y PN YT YT Y P

i Peavcevpresnoneey |

|Cooncancn] ueegmaee

{ (INDIKECT)
') neegeosee
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l
v

/ \

NO / \

t--..--/AR(12¢17>0 \

l \ 07?7 /

TRAP \ /
\ /

| =YES

v

#-.--.--.------o.--------*

| AR<€23=35> => PAGE NOJ |
] C(CBR + PAGE NO) => AR |
&--..------------.------¢

+

l

v

/ \

YES / \

teeseswe/ AR<CQO=5> \

! '\ s 0? /

TRAP \ /

\ /

| NO

v

teesessensscsacsnaansey "5" IS USED BY SOFTWARE TO TELL
| AR ® CSTMASK => Amj | WHETHER THE PAGE 1§ LOGICALLY
| W e> S { WRITABLE, "W" 18 USED BY +ARD=-
PR TT I LY L LY L LA Ll Ll WARE TO TELL WHETHER SPECIAL

} ACTION IS NEEDED ON A wWRITE,
v

/ \

/ \ = | (WRITABLE)
/ w s i \enoosssvovaseunnans

\ ? / !
\ / v

\ / / \

| NQT / \ YES
V WRITABLK / WRITE \mosovas

/ \ \ REF / |

YES / \ \ ? / {
¢oecwe / WRITE \ \ / l

} \ REF ? / | NO l
TRAP \ / v l

' \ / / \ |
! NO / \ VYES !
{! NO +oveces/ ARC3IS> \mossed]

l { \ ® § ? /wRITTEN!
| éevoeecacnny \ / tooceovescannwned

l 1 0 > w | \ / 1 1 »> ARCI®> |
{ P Y YY R L L L} ¢twengoenvesssand

| { |
¢-.-o-----.-)1(--.---.-------..-.--.

--+

|

|
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|
v

X TY XY I YL L LR L LY LA 1)

| AR Vv C8T DATA => ARy

| STORE !
4----.----.-------.-..*

|
'YX L R R L AL L L2 L LA Ak

} PtWISICIPAGE NO }

} > PAGING CACHE b
+--.-.-----.-.--------.-*

|
PORESY

| RESTART l

| FAULTED !

. | REFERENCE |
Y XY A X LY LN R L2
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APPENDIX I = EPT/UPT SYMBOLS USED

ESECT = 440 SECTION TABLE FOR EXEC SECTIONS 0=37

USECT = 440 SECTIUN TABLE FOR USER SECTLIONS 0«37

APPENDIX11

THE FOLLOWING DISCUSSES SOME OF THE DESIGN AND IMPLEMENTATION

ISSUES OF THE PAGER,

CACHED PAGING DATA

THE KL10 HAS A "PAGING MEMORY" WHICH HOLDS VIRTUAL-TU=FHYSICAL
MAPPING INFORMATION, TH1S IS EFFECTIVELY A CACHE UOF PAGING

DATA WHICH HAS BEEN FETCHED FROM MEMORY AND/OR DETERMINED BY

POINTER INTERPRETATION, NOTE, HOWEVER, THAT IT IS TOTALLY

DISTINCT FRUM THE MEMQORY CACHE, USUALLY REFERRED TO AS SIMPLY
"THKE CACHE", WHEN A VIRTUAL ADDRESS REFERENCE IS REQUESTED.

THE PAGING MEMDRY IS FIRST CHECKED TO SEE IF THE CORRESPUNDING

PHYSICAL ADDRESS IS PRESENT, IF IT 1S, THE REFVERENCE CAN

PROCEEDL WITH NO DELAY, IF [T IS NOT, THE DATA MUST BE OBTAINED

FROM CORE,

THE KLi0 PAGING MEMORY IS IMPLEMENTED AS A TABLE wITH ONE ENTRY
FOR EACH OF THE 512 PAGES OF THE VIRTUAL ADDRESS SPACE, (THE

K110 IMPLEMENTED THE EQUIVALENT FUNCTION wWlTH ASSOCIATIVE

MEMORY,.,) THE USER AND EXEC ADDRESS SPACES USk THE SAME 512

ENTRIES, BUT THE INDEX I8 UFFSET DIFFERENTLY SO AS TO kEDUCE

CONFLICTS, AT ANY TIME THEN, THE PAGING MEMORY WILL BE HOLDING

MAPPING INFORMATION FOR MOST OF THE PAGES ACTIVELY BEING USED

BY THE RUNNING PROGRAM, WHEN THE MONTTOR TAKES ANY ACTION

WHICH WOULD INVALIDATE SOME EXISTING VIRTUAL=TU=PHYSICAL

ADDRESS ASSOCIATIONS, THE PAGING MEMURY MUST RE PARTIALLY OR

COMPLETELY CLEARED, SUCH CASES8 INCLUDES

1, CHANGE OF USER PROCESS = THE ENTIRE USER ADDRESS SPACE

CHANGES, SO THE ENTIRE PAGING MEMORY MUST BE CLEARFED,

2. REMOVAL OF ONE PAGE FROM CORE OR REMOVAL OF A PUINTER

FROM THE USER PROCESS PAGE TABLE < THE ENTIRE PAGING

MEMORY MUST BE CLEARED SINCE SHARED AnD INDIRECT

POINTERS MAY HAVE CAUSED THE ONE PHYSICAL PAGE TO

APPEAR IN SEVERAL VIRTUAL PAGES.

3, IN SOME CASES, THE MONITOR WILL MAP A PAGE INTO THE

EXEC MAP FOR LOCAL USE, WHEN TH1S PAGE 1S UNMAPPED,
ONLY THAT ONE ASSOCIATION NEED BE CLEARED FROM ThE

PAGING MEMORY, THE PAGER PROVIDES A FUNCTION TO CLEAR

THE ASSOCIATION FOR A PARTICULAR VIRTUAL ADDRESS, THIS

MAY BE USED 1IN THIS CASE TO REDUCE SURSEQUENT RELCAD

T
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OVERHEAD,

IN KLi0 PAGING MODE, WHEN THE PAGING MEMORY FAILS TO CONTAIN
THE DATA FOR THE REQUESTED VIRTUAL ADDRESS, A SPECIAL TRAP IN

THE MICROCODE OCCURS, AFTER SAVING VULNERABLE ACTIVE EBCX

DATA, THE MICROCODE INVOKES THE POINTER TRACING AND

INTERPRETATION ALGORITHM DESCRIBED ABOVE, IF THE POINTER

INTERPRETATION YIELDS A VALID CORE ADDRESS, IT ANU THE ACCESS

INFORMATION ARE LOADED INTO THE PAGING MEMORY, THEN THE EBCX

ACTIVE REGISTERS ARE RESTORED AND THE ORIGINAL MEMORY REFERENCE

15 KEQUESTED AGAIN,

THE PAGER IS REQUIRED TO MAINTAIN THE MUDIFIED BJIT IN THE COKE

STATUS TABLE, TH1S MEANS THAT THE FIRST WRITE REFERENCE TO A

PAGE MUST Bk VETECTED EVEN IF PREVIQUS READ REFFRENCES HAVE

BLEN MADE, THE MICROCODE IMPLEMENTS THIS AS FOLLOWS:

ON A PAGING MEMQORY RELOAD, TRE WRITE ACCESS (w) 8LIT [S

SET IN THE PAGING MEMORY ONLY IF THE CURRENT MEMORY

REFERENCE IS A WRITE (AND WKITE IS LEGAL FOR THE PAGE),

THUS IF THE FIRST REFERENCE TO A PAGE 18 READ, THE W

BIT IN THE CORRESPONDING PAGING MEMORY ENTRY WILL BE

SET TO O, AND A SBSEQUENT WRITE REFERENCE WILL CAUSE

ANOTHER TRAP TO THE MICROCODE, ON THIS SECQAND TRAP,

TRE POINTER INTERPRETATION WILL BE REPEATED AND THE

PAGING MEMORY RELOADED, THIS TIME WITH THE W BIT SET,

1T HAS BEEN SUGGESTED THAT THE MICRUCODE COULD USE THE UNUSKD

B1T (FORMERLY THE S BIT) IN THE PAGING MEMORY TU RECORD WHETHER

OR NOT THE PAGE 1S WRITABLE AND THEREBY AVOID THE SECOND

POINTER TRACE IN THE WRITEeAFTERe«REAL CASE, THE PERFORMANCE

IMPROVEMENT APPEARS TO BE VERY SMALL HOWEVER ANp AT PRESENT

DUES NOT SEEM WORTH THE ADDITIONAL MICROCODE WHICH wWOULD BE

REQUIRELD,

CACHE CONSIDERATIONS

IN A ONE«CPU CONFIGURATION, IT DOES NOT MATTER LOGICALLY

WHETHER MICROCODE PAGING REFERENCES ARE CACHED, SINCE THE

PAGING MEMORY IS AVAILABLE TO HOLD PAGING DATA, IT WQULD SEEM
REDUNDANT TO ALSO HOLD PAGE POINTERS IN THeE CACHE, ALSO, [T

APPEARS UNLIKELY THAT REFERENCES ARE MADE TO PAGE POQINTERS VERY

QFTEN, ON THE OTHER HAND, THE SECTION 0 SECTION POINTERS (EXEC

AND USER) AND THE ASSOCIATED SPT WORDS ARE REFERENCED ON EVERY
PAGE MEMORY RELOAD, HENCE, IT 1S UNCLEAR WHETHER A PLRFORMANCE
RDVANTAGE Is UBTAINED BY CACHING OR NOT CACHING PAGE REFILL

REFERENCES,

MULT!=CPU CONSIDERATIONS

IN A MULTl1«CPU CONFIGURATION USING KL108, EACH PROCESSOR WOULD
HAVE ITS OWN PAGING MEMURY, AND IN GENERAL, ALL OF THEM MUST BE

O Q)
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CLEARED ON ANY EVENT wHICH REQUIRES CLEARING ONE, THEREFORE

THE MONITOR MUST HAVE A SIGNAL MECHANISHM [0 QUICKLY REQUEST THE
OTHER PROCESSORS TN EXECUTE THE APPKOPRIATE PAGER INSTRUCTIONS,

THE CODE FIELD OF THE CORE $TATUS TABLE MAY BE USED TU PREVENT

ACCESS TO CERTAIN PAGES BY OTHER PROCESSORS WHed ONE PROCESSQR

BEGINS SOME HOUSEKEEPING FUNCTION ON THOSE PAGES (EeGoo

SWAPPING OQUT TO0 DLISK), IT DQES NOUT, HOWEVER, PROVIDE ANY

MECHANISM TO LIMIT ACCESS TO EXACTLY ONE PROCESSOR,

IN A MULTIeCPU CONFIGURATION, THE SEVERAL PROCESSORS WILL BE

UPDATING THE CORE STATUS TABLE SIMULTANEOUSLY, AND SOME

MECHANISM (E,G,s READ=PAUSE«WrIJTE) MUST BE USED TUO ENSURE THAT

DATA IS NQT LOST BECAUSE OF TWwO PROCESSURS SIMULTANEOUSLY

UPDATING THE SAME ENTRY, 08VIOUSLY, MICROCODE (ST REFERENCES

CANNOT BE CACHED, AND THE MONITOR MUST ENSURE THAT PROGRAM

REFERENCES TO THE CST ARE ALSO NOT CACHLD,

IT 1§ DESIRABLE THAT ALL MICROCODE PAGING REFERENCES BE
UNCACHED IN A MULTIeCPU CONFIGURATION, QOTHERWISE THE SOFTWARE

MUST DO A CACHE CLEAR ALSUO BLVERY TIME IT DOES A PAGING MEMORY

CLEAR OF ANQTHER PROCESSOR,

DIVISION OF EXFC ADDRESS SPACE

TYPICALLY THE MONITOR USES AREAS OF THE EXEC ADDRESS SPACE [N

DISTINCT wAYS?

1, SYSTEMewIDE CODE AND DATA, E.G,, THE MONITOR C(CODE,

SCREDULER AND SwWAPPER DATA BASES, ETC,

?., PEReJOR DATA, E,G,, OPEN FILE DATA, FORK STRUCTURE
DATA, ETC,

3, PER=PROCESS DATAs EoeGer LOCAL STACK, LOCAL VARIABLES,

ETC, |

IN ADDITION TO PERMANENT CONTENTS, EACH OF THESE AREAS wILL
ALSU HAVE FILE OR PROCESS PAGES DYNAMICALLY MAPPED IN AS

NEEDED,

THE INDIRECT POINTER MECHANISM MAY BE USED TO CONFIGURE THE

EXEC ADDRESS SPACE IN TH1S MANNER, AND IT DOQES NOT REQUIRE THAT
ANY BUUNDARIES BE WIRED INTO HARDWARE (AS ON THE KI10, EXEC

PAGES 340e377), TO IMPLEMENT THE DIVISION ABOVE, THE MUN]ITOR

WOULD HAVE THREE PARTIAL PAGE TABLES!

1, THE SYSTEM MONITOR MAP RESIDING IN RESIDENT STORAGE)

2, THE JOB MAP RESIDING IN A PAGE SWAPPED wITH THE JUBj

3, THE PROCESS MAP RESIDING IN A PAGE SWAPPED WITH THE

PROCESS,

|
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THE THREE MAPS wOULD COVER MUTUALLY EXCLUSIVE AREAS OF THE
MON1TOR ADDRESS SPACE., FEACH WOULD HAVE AN SPT SLOT ASSIGNED TO

HOLD 1TSS PHYSICAL CORE ADDRESS.

ALL POINTER TRACES WOULD FIRST REFERENCETHE SYSTEM MUNITUR MAP

AFTER HAVING INTERPRETED THE EXEC SECTION 0 POINTER, FOR

SYSTEM=wIDE PAGES, THE MAP wOULD CONTAIN A NORMAL PAGE PUINTER

TO THE APROPRIATE PAGE, FOR PER=JOB PAGES, THE MAP wWQULD
CONTALIN AN INDIRECT POINTER TU THE JOB MAP, AND FOR PER=PROCESS

PAGES, THE MAP WOULD CONTAIN AN INDIRECT POINTER TO ThE PROCESS

MAP, IN ORDER TO AVOID CHANGING ALL OF THF PER=JOB AND

PER=PROCESS POINTERS UN A CONTEXT SWITCH, TWO SPT ENTRIES WQULD

BE RESERVED FOR THE "CURRENT" JOB MAP AND PROCESS MAP
ADDRESSES; AND THE JOm AND PROCESS POINTERS woULD ALWAYS USE
THESE RESERVED ENTRIES, THAT I8, WHEN ANY PROCESS 18 STARTED,

ITS JOB MAP CORE ADDRESS 15 COPIED INTU THE RESERVED JUB S8PT

ENTRY, AND ITS PROCESS MAP CORE ADDRESS IS COPIED INTO THE

RESERVED PROCESS 8SPT ENTRY, THESE SPT ENTRIES BECOME IN EFFECT

TWO BASE REGISTERS FOR THE TWO MAPS, ANU THE MONITOR MUST SET

THEM JUST AS THOUGH THEY WERE IMPLEMENTED IN HARDWARE,

[END OF KLPAG,SPC)
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DISPATCH RAM

DRAM ward found

on M8522 module

in Slot 45.

+

DRAM A

Bit Punctions

DRAM B.

Bit Functions

(DRAM) WORD FORMAT

A B P J

1 210 1 2jp 1 2 5 6|7 8 9 10

5 & 6

always zero

0 Immediate

1 Immediate ~ PF .

2 Not Used

3 Write Test

4 Read

5 Read - PF

6 - Rea@ =~ Write

7 Read - Pause Write

B Store 0, 1, 2 B0 Inverts Tests

1 Double AC 0 Cry 0= 0

2 Double both 1 Cry 0 = 1

3 Self

S AC

6 Memory B/Skip/Jump/Comp

7 Both

. 0 SJC L, E

B -1 -2 Flt Store’ 1 SJC E

2 sJC L

1l AC 3 S§JC Never

2 Memory 4 sJC G

3 Both 5 SJC Never

. 6 SsJC G, E
7 SJC Always

Can use B & BO together

Cannot use B & B~l1-2 gimultaneously
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A FIELD

MICROCODE $RRENERRL IR

MICRO WORD POSITION |—O 1 2 3 4 > 6 A 8 5 |10 |11

' STGNAL NAME N.u.,t 700 301 | 302 {03 |04 | 305|306 | 307 | J08 | 309 | J10

MODULE SLOT NUMBER so | 50 | s0 | 44 | 44 | a4 | a4 | 42 | 42 | 42 | 42

MODULE PIN NUMBER | ov2 | cx2| sp2 | Ep2| pv2| cx2{BP2 |ED2 |DV2 | CX2 | BP2

CRAM PHYSICAL BIT os | o6 | 07 | o8 | 09 | 10 | 11 | 12 | 13| 14 | 15



MICROWORD PQOSITION

SIGNAL NAME

_MODULE SLUT NURBER

MODULE PIN NUMBER

*CRAM PHYSICAL BIT

C FIELD

AR /ARM ARX/ARXM BR BRX MQ FM ADR

24 25 26 27 28 29 30 31 32 33 34 35

sEL4| ser2| seErl | SEL4 | SEL2 | SEL1 |LOAD | LOAD| SEL 4 2 1

50 | 50 50 40 44 44 42 42 40 40 40 40

FK2 | DR2 cF2| FF2| DR2| CF2| FP2 | AR2 | ED2 | FP2 | FX2 | AR2

45 64 66 36 68 70 52 54 16 56 57 58

| 0 0 0

0 AR 0 ARX BR BRX | Mp

0 ARMM IF 1 CACHE 0 ACO
SPEC 22 2 AD 1 1 1 1 ACl

1 CACHE 3 MQ AR ARX | SH 2 XR

2 AD 4 SH 3 VMA
3 E BUS 5 ADX*2 4 AC2
4 SH 6 ADX IF SPEC/MQ SHIFT 5 AC3

5 AD*2 7 ADX*.25 6 AC4
6 ADX 0 MO*2 7 4B#

7 AD*.25 1 MD*.25

IF COND/REG CTL

0 MQ SEL

1 MOM SEL



MICROWORD POSITION

SIGNAL NAME

MODULE SLOT NUMBER

MODULE PIN NUMBER

CRAM PHYSICAL BIT

E FIELD

//

SH/ARMM VMA TIME MEMORY

48 49 50 51 52 53 54 55 56 57 58 59

N.U.| sEL2| sEL1 | N.U. | sEL2 | sEL1| TOoO | TOl oo | o1 02 03

50 50 50 42 40 40 44 44 a4 | 44

AR2 AV2 FP2 | DR2 | DR2 crF2| FP2| FR2 | AR2 | av2 -

46 47 44 72| 76 78 48 49 50 51

SH FIELD
2 gMA 0 2T -+ 0O NO OP

. C L

1 AR 3 AD 2 4T )¢~ 2 MB WAIT
> ARX 3 5T .. 3 SEC O

3 AR SWAP 4 A READ
5 B WRITE

6 FETCH

7 REG FUNCTION

ARMM FIELD

O #

1 EXP SIGN

2 SCAD EXP

3 SCAD POS WITH IF X ADDR IF NOT X ADDR
ARL IND

10 AD FUNCTION 10 A IND

11 EA CALCULATION. 11 BYTE IND

12 LOAD AR 12 LOAD AR

13 LOAD ARX 13 LOAD ARX

14 READ-WRITE 14 AD FUNCTION

15 READ-PAUSE- 15 BYTE READ

_ WRITE 16 WRITE

16.. WRITE 17 READ-PAUSE-

17 IFET WRITE



MACROWORD POSITION

" SIGNAL NAME

MODULE SLOT #

MODULE PIN #

CRAM PHYS BIT #

G FIELD #1

MAGIC NUMBER FIELD

72 73 74 75 76 77 78 79 80 81 82 83
ROT ROT | CRAM 

-

1SEDR | USED | MARK | #00 401 #02 4#03 #04 #05 $#06 #07 #08

52 44 44 44 42 42 42 40 40 40

av2 | ep2 | cu2 | BF1 | EP2 | cu2 | BF1l | EP2| CU2 | BFl

43 29 30 31 33 34 35 37 38 39

\ USED TO ADDRESS FAST MEMORY

ENABLES REQUIRED |iaca1l

ARO-8

1-LD LOAD

CLR ARL

1=ARR 11=ARR+MQ O=ARL

2=ARI, 13=AR+MQ O=ARMM IF BIT 76:

3=AR 14=ARX+MQ 1=CACHE

=ARX 16=ARL+ARX+MQ | 2=AD

6=ARL+ARX 3=EBUS

ARL IND 7=AR+ARX v | 4=SH
10=MQ 17=AR+ARX+MQ | 5=AD*2

6=ADX

7=AD* .25

AR CTL - 4 EXPT

1=ARR LOAD 1=
CONO/REG CTL 2=AR9-17 LOAD R _-EXP

4=AR@~-8 LOAD

6=ARL LOAD

MQ CTL

0=MQ

CONO/REG CTL 1=MQ*2

AND 2=mMQ*.5

MQ/MQ SEL 3=0'S

0=SH

CONOQ/REG CTL 1=MQ* .25

AND 2=1IS

MQ/MQM SEL 3=AD



MICROWORD POSITION

' SAGNAL NAME

MODULE SLOT #

MODULE PIN #

CRAM PHYS BIT #

G FIELD #3

MAGIC NUMBER FIELD

99 L 93 | 74 175 |76 | 77 | 78 | 79 |80 | 81 | 82 | 83

N, | NRZ, |GRBY lsoo lwor |#02 [#03 [#04 |#oS [#06 |#07 |08

s> | 44 | 4a | a4 | 42 | 42 | 42 | 40 | 40 [ 40

av2 |ep2 lcuz |eFi |Ep2 |cu2 |[BF1 |EP2 |[cu2 |[BF1

43 29 30 31 | 33 34 35 37 38 39

" MBOX CTL

00 NORMAL 21 CLR PT DIR LINE

CONO/MBOX CTL 01 PT DIR CLR 100 SET I/O PF ERR

10 PT WR 200 SET PAGE FAIL

20 PT DIR WR

! .

CONO/EBUS CTL

CONO/DIAG FUNC

EBUS CTL

O0=REL EEBUS -,. . 26 DATA O,

1=INPUT 27 DATA I
2=DATA I/0 30 I/0 INIT

4=DISABLE CS 60 EBUS DEMAND

10=CTL -IR 100 REL EBUS

20=EBUS NO DEMAND 400 GRAB EBUS

o DIAG FUNC .- N

400 .5 uSEC TM 511 DATAI PAG (L)

404 LD PA LEFT 511 RD PERF CNT

405 LD PA RIGHT - 512 CONI APR _(L)'7

406 CONO MTR 512 RD EBOX CNT

407 CONO TIM 513 DATAI APR

414 CONO APR 513 RD CACHE CNT

415 CONO PI 514 RD INTRVL

416 CONO PAG 515 RD PERIOD

417 DATAO APR 516 CONI MTR

425 LD AC BLXS 517 RD MTR REQ

426 LD PCS+CWSX 530 CONI PI (PAR)

500 CONI PI (R) 531 CONI PAG

501 CONI PI (L) 567 RD EBUS REG

510 CONI APR (R) 620 DATAO PAG

510 RD TIME

! —
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