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2.2.3.25
2.2.3.26

RESET CRA ERROR (source CLKG)

RESET SCA (Soutce CLKG) 2 8 o o o o

TOD CLK (source CLK1) &« o o o o o »

Inputs To CLK Module From The CPU: < »

CLK HLD OFF F+E (dest CLK7) o o o

CLK HLD OFF 180X (dést CLK7) e s 8

DIAG PAS OUT MID (source MID2) + «

SPFN CLR DP ERR (source SCAH) . . .

MEMORY INTERFACE TO THE SYSTEM CLOCK .

EARLY PH? TO MMZ (source CLK2) . « »

Gc’“vRAL - L * » * * E J E ] L ] . E L J -* L ]
MVE MODULE (MVL,MVR IN CPU BACKPANEL SLOT

MVE Functlonalitv e & ® ® ® ® ® e ® e

MGVE/ALU Path e ® e @ ® ® 8 ° ® ® @

MOVE Dpetation s o ® 8 & 8 ® ° & ®» o

AL!} gperation L ] E ] L 4 2 E ] » * E ] L L 4 »

L BUS * ® » L d * » - L ] L ] * L ] * * E J *

Error Control .« o« o o o o s o o s o =

Interface: [nputs To M4VL,MVR Modules .

A BEUS ﬂﬁ:3bl 4P (source FPA) « o o o

ALU 333 Uw 29:23 (source E£SEB, ESEC)
CC d:2 UW 84:46 (source ESEB,C) . .
CLEAR EKRS (source CLEKB) « o o o o o

CMPR TO 7S UW 17, CMPR TO 1 Uw 18 (so

ESFD) F ] E ] E ] L L d L ] L J E d * E J L ] E E ] E ]
CRY To 35 (Source MVLI) e 5 o & o o
DCAR 48, 17, 35 (source MVFI) . . «

DIAG ACT GQUT (source For MVL=MVRL, Sour

MVR ESEJ) * L L ] * L L * L] . L L ] * L

DIAG CLK ACT (source For MVL=CLKB, Source For

HVR MVLR) - L d - L J L L ] * L] * L d L 4 L *
DIAG SH ACTIVE EBOX (source CLKG) .

£XT 26,18 TO SELF, EXT 44,18 T0O MVR (source

MVLH) ® ® ®» o * e » s e e -
FORCE ALU ERR (source CRAA) .
FORCE LU L CLK (source IDRH) .
GLOBAL (source CRAH) « o o o
G #9-13, 14-17, 18-22, 23-26, 27- 31,
(SOUICQ MVEJ) e % 2 8 ® ® ° e » @&
L FARLY B (source CRA7) o o o » o =
LSW #21 Uw #9:18 (source ESEB, ESEC)
L Ud 23 (source ESED) o o o o o o »
MAS AC MUX 233 (source SHLF, SHRF) .
DP1=15 (source CRAF) o o o o o s o =
OP1 W &7 (source FSEB, ESEC) < «
0P2=15 (source CRAF) o o o o o o o =

[ 4

* & o

e & & o

NP2 8US (source 1D0L1-5, IUR1-=-5) .

P 29-13, 14-17, 18-22, 23-26, 27-31
(source MVEJ) o o o o o 2 o =

PHASE #:3 TO MVYVL, MVR (source CLK? A)
R #33 Uw 13:16 (source ESEB3, ESEC) .
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242.3.27
2.2.3.28
2.2.3.29
2.2.3. 3ﬁ
2203.31
2.2.3.32
202.3.33
2.2.3.34
202.3.35
2.2.3.36
2.2.3.37
2.2.4
2.2.4.1
2.2’4.2
2.2;403
2.2.4.4
242.4.5
2.2.4.6
2.2.4.7
2.2.4.8
Zeloded
2:2.4.19
2.2.4.11
2.2.4.12
2.2.4.13
2.2.4.14
2.2.4.15
2.2.4.16
2.2.4.17
2.2.4.18
2.3
2.3.1
2.3.1.1
2.3.1.2
2’3'1.3
2.3.1.4
2¢3.2
2.3.3
2¢3.3.1
2'3.3'2
2.3.3.3
2-3‘304
2.3.3.5
2034346
2.3, 3'7
2.3.3.8
2030399
2.3.3.1¢
2.3.3.11

RF U¥ 134 (Source CRAD) ® ® ® o o »
RS5W 931 Uw 11212 (source ESEBR, ESEC)
SYS RESET (source CLKB) < o ¢ « o o«
WR BK 2:3 (source SCAH) .« ¢ o o o &
WRITE BKUP (source ESEJ) o o o o o »
X BUS -2, -1, B88:35, 4P (source SHL7, S
X1 EN (Source {DLE) s ® ®» o ® o ® o
X1 831 UW 37238 (source ESEK) =+ «
Y BUS 0#:35, 4P (source SHLA, SHRA)
Yl Eg (Soutce IDLE) E ] E ] E ] * - - - L
Y1 9:1 UW 39:43 (source ESEK) . . .
Interface: Outputs From MVL,MVR Modules
CARRY OUT (Soutce “VLB) ® o ® 8 9 @
CGMP 5@' 89 (Soutce MVEb) e ® o @
co™Mp gl1-28, 10-17, 18-26, 27-35 EQ (sou
MVPH) ] E J * * L d - E ] - * L J 2 £ £ d o - E ]
coMp 01-28, 19-17, 18-26, 27-35 G (sour
MVE‘M) * * * E ] * E ] L J 2 L d L * L . L J L ] ®
CRY To 35 (source MVLI) +« o o o o o o«
DCAR 98, 17’ 35 (source MVEI) s o *
DIAG CLK ACT MVL, MVR (source MVEM) .
EXT #8,18 TO SELF, EXT 44,18 TD MVR (so
RVLH) L ] ® L d ] * E J L d E J E L J - L ] E £ J L ] -
F BUS (source Mvzby, 94 A) o o « o o
G 49-13, 14-17, 16-22, 23-26, 27-31,
(SOurce MVEJ) e # ® ® ® o o ® ® e »
L BUS (source MVED, F, F) .+ « » =
MYL, HMYR ALU ERR (source “VEL) . .
MVL, MVR BACKUP ERR (source MVEK)
MVL, MVR INPUT ERR (source MVEK) .
MVL, MVR OUTPUT ERR (source MVEK)
OVERFLOW (source MVLB) o o o o o o
P #9-13, 14-17, 18-22, 23-26, 27-31,
(Source MVEJ) e o ® 8 8 e o ® e ® ® o
ga-08, ¥9-17, 18-26, 27-35 EQUAL (sourc
MVEM) * » E L J L * » E ] * L ® » L J L J L ] E ]
SHL,SHR MODULES (CPU BACKPANEL SLOTS 3,4)
SHL,SHR Functionality e o & o o o
SHIFT/AC/REG Path + «
Shift Operation .« « «
REGISTER FILE JOPERATION
AC/MASTER AC OPERATION .
grror ContrOl s o ° o e » o e
Interface: Inputs To SHL, SdR Modules
AC ADR FLD ©9:12 (source INX1, IDLE)
CARRY OUT OF ALU (source CRAI) . .
D 432 U4 1802122 (source CRAC)
DIAG ACT UUT SHL (source SHLS)
DIAG CLK ACT EBR2 (source CLKR)
DIAs CLK ACT SHR (source SHRL)
DIAG SH ACTIVE uBUX (source CLKs
D MUX 22 A (source SHL7) « « &
Et AC WRITE A,8 (source ESEJ)
EN MAS AC {(source ESEJ) . » o«
ESTEP ACT OUT SCA (source SCAB)
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2.3.3.12
2.3.3.13
2.3.3.14
2.3.3.15
2.3.3'16
2¢3.3.17
2+3.3.138
2.3.3.19
2.3.3.29
2.3.3.21
2.3.3.22
2.3.3.23
2.3.3.24
2.3.3.25
2.3.3.26
2.3.3.21
2.3.3.28
2,3.3.29
2.3.3.38
2.3.3.31
2.3.3.32
2,3.3.33
2.3.3.34
2.3.3.35
2.3.3.36
2¢3.3.37
2.3‘3.38
2.3.3.39
2.303043
2-21
2.3.4
2.3.4.1
2e3.4.2
2.3.4.3
2’3'4.4
203.4:5
2.3.4,6
2.3.4.7
203.4.8
2.3.4.9
2.3.4.19
2.3.4.11
2.3.4.12
2.3.4.13
2.3:4-14
2.3-4;15
2,3.4,16
2.4
2.4.1
2ed.1.1
2+4.1.2
2.4.1.3
2.4.1.4
2.4.1.5
2.4.1.6

F REG =-1,-2 (source CRAI) . . .
HOLDOFF TO SHL, SHR (source MIDA)
L BUS (source MVED, E, F) .
L EARLY ON A,B (source CRA7) . .
LAST CYCLE Tl C,D (source CRAI)
L1l REG 16:18 (source SHRI, SHLI)
LZM4d REG 16218 (source SHRI, SHLI
MAC MUX 1:3 (source SCAH) . . «
MAC TO Z RFG (source CRAF) . . &
MAS AC ADK 2 (source SCAH) « +
MQ UW 183 (source CRAD) < « .« &
OpP2 AC ADR 32:35 (source CFL) .
PHASE 233 TO SHL, SHR (source CLK
DRESET AC LEFT, RIGHT (source CLK
REG WR U¥ @7 (source ES5EB,C) . .
RESET SHL, SHR ERROR (source CLKG
S BUS 225 (source SCA9) o+ o o
SCAD 94311, P (source SCA8)
STEP AC ADR (source ESEJ) .
SYSTEM RESET (source CLKG) .
VYMA 32:35 (source IDRC,D) . .
Wk 8933 UW 33:36 (source ESED, CRA
X REG 18235 (source SHRS5) . « «
A di2 Ua 41343 (source CHAC) o o o
XKD 2:3 Uw ¥9:12 (source ESEB,ESEC)
Y REG 38217 (source (SHLS5) « « o o
Y #:1 U% 44:45 (source CRATC) + o = =
YRD 7:3 Uw 13:16 (source ESER,ES®C)
_# FLD 08:17, 2P (source ESEE,ESEF) .
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Interface: Outputs ¥From SHL, SHR Modules
AC AR ADR MUX 9:3 (source SHRE, SHLE)
D MUX 29 A (source SHLT7) o o o o o »
DIAG ACT OUT SHL (source SHLS) . .
DIAG CLK ACT SHL (source SHLM) . .
L1 REG 16218 (source SHRI, SHLI) .
L2MQ REG 16218 (source SHRI, SHLI)
MAC ERROR (source SHRL,SHLL) « « &
MAS AC MUX #:3 (source SHLF, SHRF)
V?‘!A 32:35 A’B L ] L 2 » L J ] * * - L ] L J
X 8yYs -2, -1, 344:35, 4P (source SHL
X REG 18:35 (SOUtce SHRS) e * ® @
x REG FILE 18:19 o £ J E ] * L E L ] L ] L ]
X,Y ERRUR (source SHRL, SHLL) . .
Y BUS ¥2:35, 4P (source SHLA, SHRA)
Y REG 28217 (source (SHLS) o o «
Z REG ?ﬂﬁ*ﬁﬁ * s ° o o
SCA MQDDULE (CPU BACKPANEL SLOUT
SCA Functionality . « « «
Shiit Control/Meters/Flags
SCAD * L ] L ] L J L ] L ] - E ] * E ]
1US Time Hase o+ « o &
Interval Timer « » «
Flags o ®» 9+ ® o ® e
Interrupt Mechanisa .
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4.3

«4.3.1
e4.3.2
L d 3‘3
«4.3.4
* 3.5
* 3.6
* 3.7
«4.3.%2
e4e3.9
«4.3.18
«4.3.11
e4.3.12
«4.3.13
» 3‘14

Interfa
ALY 2

cPU ID 9€:13 (source CPU Backpanel)

C5L A
DIAG
DIAG
DIAG
EBOX
EBOX
£80X
FE CT
FE 8

ce: Inputs To SCA Module
=17 = @ (source CRAI)

TTN (source 10P)

L] L

ACT OUT CRA (source CRA7) .
CLK ACT SHL (source SHLM) .

SH ACTIVE EBOX (source CLKG)

AC 29:12 (source CFL) .

STEP B (source CFL Via CRAI)

XR 14317 (source CFL) .
L (source ESED) o o o »

11 UW 68369 (source CRA7)

» -

FLAG #:3 UW 29232 {(source ESED,

FORCE
IL 1
INCKE
INT T
J 832
K 232
L EAR
LAST

LD SP
DVERF

PHASE 2:3 TU 5CA (source CLKC,D

PREY
PWR ¥
RESET
RESET
sccr
Sc 3
SCU A
SEL

SPFN
SPFN
SPFN
X REG
Y REG

1ST TO SCA (source CFL

15 TO CPU (source IOP) .

M TBC (source MIDB) . .
IM ¢1 (source MIDB) . .

UW 71:73 (source CRAC)

% 74:76 (source CRAC)
LY ON (source CRA7) . .
CYCLE A (source ESEK) .«
FN REG (source CRAF) .
LOW (Source MVLB) . . «

EN A (source ESEJ) . .

AIL (source I0P) o o »
CKA ERROR (source CLKs )
SCA (source CLXG) .

L (source ESED) .

22 Uw 65:67 (source CRAC)

LU % 77 (sourcCe CRAB)

_#FLD (i (source CRAE) .

LD BLK (source CRAF) .
LD I0 REG (source CRAF)
LD PI (source CRAF) . .
18, 28:35 (source SHR6)
38:17 (source SHL6) .

via

® & & o 8 o & b

L

o & & o o & o N o 6 T 8 0 4 o 0@

S
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*

CRAD)

CRAH)

- *
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6 6 % 5 8 6 8 % s 8 8 6 0 8 w0
ey
S $ 0 0 8 b " e S s e

E

_# FLD 38317 UwW 88:97 (source ESEE) .

Interta
ALLOW
8LDOCK
CLR J
DIAG
DIS P
DISP
EBOX
ICL °

ECL CTRL £:1 ENC (source SCAH)

ECL S
Fa AD

ce?
RETRY (source SCAH) .
STEP (source SCAH) . .
REAL (source SCAH) .« .«
CLK ACT SCA (SCAH) < »
AGE FAIL {(source SCAH)
49, NASW=27 (i (SCAK) .
NO JUMP (source S5CAB)
ROADCAST (source SCAH)

SEL 233 (source SCAH)
R BREAK {(source SCAH) .

Jutputs ¥From SCA Module

®

« ® ¥ o & o &

-
*®
L]
*
*
-
-
L]
-
. -
L )

ESTEP ACT OUT SCA (source SCAH)

EXTEN
FLAGS

D INSN (source SCAH) .
TO _# FLD (source SCAE)
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FLAGS 26:17,

FORCE PHY (source SCAH)
INT TRAP ON (source SCAA)

2P (source SCAF)

INTERNAL SCA ERR (source SCA8)

INTERRUPT REQ (source SCAA)

INTR DIS #:2 (source SCAA) .
J MUX > 44 (source SCA3) .

MAC MUX 1:3 (source SCAH)

-

*
*
*

MAGIC NUM 14:17 (source SCA2)
MAS AC ADR # (source SCAH) .
MASK TO 44 (source SCA9) . .
PCU/USER ID FLAG (source 3CAG)
RESET FROM CPU (source SCAH)

*

-

S BUS 2:5 (source SCA9) .
sC REG UVFL (Source SCAS) e e
SC REG 98,82,03 {(source SCA9)
SC REG = ¥ (source SCA9) . .
SCAD ALU = 2 (source SCAS8) .
SCAD #8:11, P (source SCA8)
TRAP 1/2 REQ (source SCAG) .
USER FLAG (source SCAG) . .
WR BK 2:3 (source SCAH) . .
Y REG 42:45=23, 14:17=¢ (sourc

1M4SEC REQ (source SCAB)
ESE,CRA MODULES (CPU BACKPANEL
KSE,CRA Functionality

Pam Arrays .

L

-

-

L

»

L]

-

[%7]

L

srror Control
Interface: Inputs To ESE, CRA M

Next Address Generation
Traps =+ o »

* » ¢

e & B & @

AC FLD N=N+1 (source INX1)
AC REF TO ESE (source CFL)
AC=8 (source CRAI) o« « o «
ALLOW RETRY (source SCAH)
RLOCK STFP (source SCAH) .
CARRY DUT (source 4VLB) . .
DIAG CLK ACT MVR (source MVRM)
DIAG CLK ACT SCA (SCAH) < o« &
DIAG CLK PAS 12 (source IDRM)
DIAG CLK UW ADR (source CRAA)
DIAG CMD ENABLE (source CLKG)
DIAG
DIAG .
DIS PAGE FAIL (source SCAH) .
E PF (source MID3) o « o o o »
FA BUF 26-17=93 (source CFL) .
(

¢ o 5 & o
o & ¢ o & 8 O o b6 o 6 ¢ Ll M e o © ¢ 8 »

SH PAS A (source 1DRM)

EARLY DCD @4, @2, 24, 85, 86
FBOX AC 9112 (source CFL) .
FBOX EACALC (source CFL) o . o
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E80X1 ACT DATA IN (source CLKG)
FBOX2 ACT DATA IN (source CLKG)

‘O.llN.\r.l...l.."‘.l.....'...

1]

¢ & & & & (D s & 0 & & 0 6 4 0 6 9 O 5 s e b o

-

¢ & & B 8 4 & 6 6 6 b b 4 8 6 b s e b s s " e

60...Mioﬂtﬂﬂioil....'i....‘.0

¢ & & 4 & & 5 5 5 b B e ¥ s

lhl..co......‘.."..........0.0.'0“...

O..i‘...‘l.‘......“....Q.thﬁﬁ‘oi‘.lbi"t.....‘

'0.0...0.'.D..O.......“.0.0l..OIOOCOCOOOOD.UU.C"O...

Page 6

2-37
2-37

2-37
2-37
2-317
2-31
2-38
2-38
2-39
2-39
2-39
2-492
2-49
2-449
2-41
2-41
2-41
2-41
2-41
2-41
2-42
2-42
2-42
2-42
2-42
2-42
2-42
2-43
2-43
2-43
2-43
2-43
2-43
2-43
2-44
2-44
2-44
2-44



¢ &
¢« o

.
N NN
o b

L G G G D () (W ) G () (o () L) G L) () ) Gad L) ) L) Lo () W L o ) W W L W W o ) W W W W w W W w W w [REN RN

» @

.
N
-l

NAUTNAUTEAUVTN NALTNUTUTA N & O [$ %, W8]

¢ ¢ & @ & & & * o @ * & @ ¢ & ¢ &

[
$ 8 % 6 & 8 & 6 8 8 w o b s b 6 6 v s s

.
NN NNNANN NNV N o Db b dd BWWWWWWWWWWHNIN
WELAN VD WNHSOVECLSONLEWNNFMROONGCU LWNFHGOOLNONSWN RSO

NN NNRONRNNNONNORNNNNNMNNONNNONNNOONNNNOONONNMNMENNNNONNNOONNNONNNNNRODONNODONNNNNNON NN

5

5

S

.5

5

.5 L
eS5e3.
«5.3.
«5.3.
5.3,
5.3,
e5.3.
«5.3.
.5 -*
5.3,
.S ®
«5.3.
.5 L 4
«5.3.
eSe3s
.5 *
«5.3.
e5e3.
«5e3,
.5 L ]
.5 07@
+5.3.71
.S 3.72
e543.73
«5.3.74
e5¢3.75
53,76

ESE1 INSN CODE 92:8, P2Z-8 (source ESE1l)

EXTEND INSN (source SCAH) .

» L -

F BUS ¢¢,-71,02,043,07,48,18,11,12 (soutce

MVEB 9) ® & o 2 ® 8 o ® 8 2 e o o
FLAGS TO _# FLD (source SCAE) « . »

FLAGS 98:17, 2P (source SCAF) . .
FORCE 1ST TO CRA, ESE (source INXG)
FPA RESPONSE (source FPA) .
GLOBAL A (source CFL) + « «
HOFF UW CLOCKS (source FPA) . .
HOLDOFF UW CLOCKS (source ESEI)
1,0P2,0P3 PF (source MID3) .
IBNX RESPONSE (source 1I5Q) .
INDIRECT (source MID2) ¢ « « »
INSN CODE #:8, PZ-B (source IDLE)
INT EBDX (source CRAK) o « o o o
INT TRAP ON (source SCAA) .
INTERRUPT REQ (source SCAA)
INTER UWw 78 (source CRAC)
INTR DIS 232 (source SCAR)
IU BUSY E ] E ] L ] » * L ] E 3
J MUX > 44 (source SCA3)
L E“RLY iVEN ') . [} L] E ] L]
LAST CV TO CRA . .
L2MQ REG 32:35 .
MASK T3 44 (source
MGRANT TO EBOX +
NEXT ADR #@3:11,P .
DP2 AC N=N+1 . . .
0P2 GLB <« « .
O0P2=AC, 0OP2=AC A .
PAS DATA IN . « &
(
s

- L J L J

- *

- .

¢ 8 & * &

]
O

PC SECT=ZERDO . .
PCU/USER I0 FLAG
PHASE 223 TD CRA
PHASE ¢:3 10 ESE
PREV EN .
RESET CRA ERRUR (

RESET ESE 4 o o »
RESET FSE ERROR o o o

SC REG OVFL (source S5CAS)
SC REG 90,82,83 (source SCA
SC REG = ¥ (source 5CA9) .
SCAD ALU = 2 (source SCAB)
SELECT SLOW Uw .
SLOW RAM 64 o o o o »
S5P FCN 931 UW 25220 o o
TRAP 172 RE4Q (source SCAG)
USER FLAG (source SCAG) .
Ua ”7 IN e ® o ®
QRITE U* e ® ® ® o ®» ® ®
X REG 18, 28:35 (source SHRG
x QFC ﬁﬁ » L ] » »
XR INVALID . « &

x.
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X1=X MUX 2 o o o o o o o 2 2 o ¢ o o o o » 2=-59
Y REG 38:17 (source SHL6) .+ « o o o ¢« & « o 2-51
Y REG 82:85=9, 14:17=3 (source SCAK) . . . . 2-51
#g3-88, 29-17, 18-26, 27-35 EQUAL (source
MVEM) e & ® ®» ® 8 8 ® ® 5 3 ® e S ® e o o » 2‘51
1 MSEC REQ (SOUfce SCAB) e ® ® o o o ® o o @ 2-51
Interface: Outputs From ESE, CRA Modules . . . 2-51
ABDRT FPA ® & ® & 8 e ® 8 & 8 8 ° 8 8 o s @ 2‘51
AC=9 (source CRAI) e ® 8 3 ® ® ® ® 9 e ® ® » 2-51
ALY 29-17 = 2 (Source CRAI) s ® 8 ® o ® ® o 2-51
ALU 2:3 Uk 02333 (source ESEB] ESEC) o o o o« 2-52
BLUCK STEP A o o o o 2 o o o o s » o o o » » 2’52
CARRY OUT DF ALU (Source CRAI) 2 ® ®» e ® ° » 2-52
CC P:2 UW #4:06 (source ESEB,C) 4+ o ¢ ¢ « o 2=-52
CMPR TO 7S UW 17, CMPR TO 1 Uw 18 (source
ESED) # ® ® ® & ® ® ® ® ® @ @& s ° ® ® e ° @ 2-52
CRA ERPR " 8 9 ® e ° ® ® ® ® ° ° e ° ® e o ° 2=-52
CRV UUT ® » ® 8 ® e € ® » e B e 4 ° 9 B o 2-52
CTRL ENC VALID ECL e ® » 8 ® ® ® ® 5 e 5 9 2-52
D #:2 Un 1089:182 (Soutce CRAC) * e ® ® ® ® @ 2-53
D{AG ACT OUT CRA (Soutce CR‘7) » ® 8 o o e 2“53
DIAG ACT OUT ESE (source For MVR=ESEJ) . . « 2-53
DIAG CLK UW ADR (Source CRAA) * ® ® 8 ® ° 2’53
DlAG PAS DATA CKA e o » e ® o 9 e o o ® e 2-53
Eﬁﬂx REQ TD “E” * ®© e ® ® ® @ ® o ° s & ° o 2-53
EBDX RESP ® & @ 8 8 6 ® e 8 o o o6 s 2 2 o » 2‘53
EBOX RESDP FPA ® ® @ ® ®» ® ® ® ® e ® ° ® e 2‘53
£EBOX STEP B (SOurCe CFL Via CRAI) s s s 2 @ 2‘53
EN AC WRITE A,B (source ESEJ) .+ « o o« « » « 2-54
EN MAS AC (Source ESEJ) e & ® ® ® o o e » » 2-54
ESFl INSN CODE 4:8, P2-8 (source ESE1l) « . . 2-54
F REG '1, “2 ® e 8 8 ® e #» e 9 & & & o 5 e 2 2‘54
FE #21 UW 68:69 (source CRA7) e & 85 o o 8 @ 2-54
FE CTL (Source ESED) » ® ® ®» & ® o ® » & ® » 2-54
FLAG #:3 UW 29:32 (source ESED, CRAD) .« . . 2-54
FORCE ALU ERR (source CRAA) e & ® & e e e 2‘55
FORCE 1ST TO SCA (source CFL vVia CRAH) . . . 2-55
GLOBAL (Soutce CRAH) ® ® ® o ® ® & ® © o © » 2-55
HOULDDFF UW CLOCKS (Source ESEI) » o o ®» o @ 2-5%
INT EBOX (Soutce CRAK) e ®» ® @& ® o 8 & ® ®» e 2-55
INTER UW 78 @ o ® @ ®» @ & ® ° o ® e & e o 2-55
J d:2 UW 712173 (Source CRAC’ e o & ® ® ® e 2=-55
K 232 Us 74276 (source CRAC) <« « ¢ o« o« =« o o« 2-56
L FARLY B (Source CRA?) ® ® @ o ® 8 o o o » 2=-56
L E‘RLY EVEﬂ ® ® ® ® ° e ®» ® ® & 2 8 e s ° ® 2'56
L EARLY GN (Source CRA?) * ® ® &5 8 2 ° e & 2’56
L EARLY ON A]B (Source CR&?) s ® o o o 8 & o 2-56
L Uh 23 (Soutce ESEO) s 8 e e ® e ® o e o 2‘56
LAST CY TD CRA e 8 = 0 » ® e ® ® 3 2 e s e 2'56
LAST CYCLE e ® ® 2 ° e 3 ® B & o 5 2 o » ° 2’57
LAST CYCLE A (SOUfce ESEK} ® ® ®» o ® ® 8 ® » 2-57
LAST CYCLE Ti C'D (SDurCe CRAI) e o 8 o » o 2-57
LD PXCT ® ®» & 8 B ® » ° e O e ° ° 2 ° e " 2‘57
LD SPFN REG (source CRAF) =« « o o o o o o & 2=57
LSW 2:1 Uw 993183 (source ESEB, ESEC) « « « » 2-57
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EBDOX MICROCOUDE CONTROL SPECIFICATION

MAC TO Z REG (source CRAF)
MARK SYNC TP o o o o » o o
MQ UW 1283 (source CRAD) .
NEXT ADR 80:11 o« o« o
OP1=15 (source CRAF) . . . o«

OP1 UW 87 (source ESEB, ESEC)
0P2=1S (source CRAF) .
PREV EN A (source ESEJ) < -

R #:3 UW 13316 (source ESEB, ES
RF UW 1904 (source CRAD) . « »

REG WR UW @7 (source ESEBR,C) . .«
RSW #:1 Uw 11212 (source ESEB, ES
SC CTL (source ESED) » e ® o
SC 332 UW 65:67 (source CRAC)
SCU ALU UW 77 (source CRAB) .
SEL AC ADR ALU .
SEL _#FLD (i (source

¢« & o @

. »

® » -

c

[ ]
¢ e s ¢ 0 9 4 0

[
® & & o [TI® & ws 0 & 0 s 9 8 o

L ] » - »” = 2 -

CRAE) + o o o

SELECT SLOY UW . .
SLD4 RAM 54 .
SP FCN £:1 UW 25226 -
SPFN ICMD * * L - » L »
SPFN LD BLK (source CRAF) .
SPFN LD I0 REu (source (CRaF)
SPFN LD PI (source CRAF) . .
SPFN STEP ACCT o o o o o s
STEP AC ADR (source ESEJ) .

D

* o

»
® - L * »
-

o o @ @
. o o »

STOP CLOCK o o « o o .
T Ui 78 E L J * * E ] L 2 ® *
Uﬁ 67 IN L L ] E 3 L L ] E ] *
HK AC TO EHD t J L J * L ] -
WR 9:3 UW 33:36 (source ESE
WRITE BKUP (source ESEJ) .

WRITE MEM TO IBOX
"RITE Uw £ ] * L ] * * ® E ] * L ] >
X 832 UW 41:43 (source CRAC)
XRD #:3 Uw 29:12 (30uUrce ESEB,ESE
X1 2:1 UW 37:38 (source ESEK)
Y #:1 UW 44345 (source CRAC) .+ « »

YRD #:3 UwW 13:16 (source ESEB,ESEC)
Y1l 8:1 UW 39:4¢ (source ESEK)

- -

® & & 6 & 0 & & 6 8 6 s 0

+ CRAE)

» L J

R
5

E
C

-# FLD ©98:17 U¥W 88:397 (source ESEE)

% FLD #8317, 2P (source ESEE,

ALU (Uﬁ Bits ﬂ:B) ® o 8 ° o 2 e o
CARRY CONTROL (UW Bits 4:6) < «
OP1/WwR RFG FILE (U¥ Bit 7) . . .
LAST CYCLE (Uh Bit 8)_* e ®» » 9 e 2 o

Sa/ X REG RPD (U4 Bits 9:12) . .
R/Y REG RD (Uw Bits 13:16) « « »
COMP (Uwx Bits 17318) o o o o o &
STORE CONTROL (UwW Rrits 19:21) .
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£80X INTFRFACE TO IBOX . .
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PARITY ESE (Uwx Bit 22) .
L (UW Bit 23) o o o o »
MARK (UW Bit 24) =« « « &
SP FUNCTION Field (U% Bit
FLAG CONTROL (UW Bits 29:
WR CTRL (UW Bits 33:36)
X1 (U4 Rits 37:38) « « &
Y1 (U4 Bits 39:42) « o
X FIELD (UW BITS 41:43)

¥ FIELD (UW Bits 44:45)
Next Address Field (bits
THE NA SWITCH (BITS 58:63
L EARLY EVEN (Uw Bit 64)
SC FIELD (Uw Bits 65:67)
FE FIELD (UwW Bits 68:69)
CALL (Uw Bit 78) o« o « &
J FIELD (UW Rits 71:73)

K FIELD (UW Bits 74:76)
SC ALU (UW Bit 77) « « »
T (UW Bit 78) o o o o o
PARITY CRA (UwW Bit 79) o o o o o
NUMBER FIELD 2317 (UW Bits 88:97)
_# FIELD PARITY BITS #:8 (Uws Bit 98

¢ ¢

5
2

N
s 0 o 4 o o L &
~

635

® & 8 4 6 O 6 0 6 e B B B H B NP b8

6 6 8 0 0 b o W a0 0 0 b 0 W e e
S & 8 6 b 6 6 6 0 16 5 6 b o 6 s b
~
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e & & ® & 9 0 & » 0 ¢ B ¥ s b 0

-
-
»
-
L 4
*
*
L ]
®
L
L d
L ]
*
L
®
L
»
®
*
L ]
*
L ]
)

_% FIELD PARITY 9:17 (Uw BIT 99) . .

M@ (Uws Bit 143) .
RF (UW Bit 124) .
L EARLY 0ODD (Uw Bit 145)

D FLELD (UW Bits 122:122)

Inputs To EBOX From IBOX .
AC ADR FLD #9:12 (source iNX1
AC REF TO ESE (source CFL) .
DIAG CLK PAS 12 (source IDRM)
E PF (Source “103) s o o 8 ® e
EA BUF #6-17=¢ (source CFL) . .
EARLY DCD 99, 922, 84, 85, 86 (sourc
EBOX STEP A (source CFL Via CRAI)
FORCE LO L CLK (source IDRH) + « »
HOLDOFF TO SHL, SHR (source MIDA)
0P2 AC ADR 32:35 (source CFL) .
0P2 BUS (source IDL1-5, IDR1-5)
UMA 32:35 (source IDRC,D) o «
Xl EN (Source IDLE) s ® ® o o o
Y1 EN (source IDLE) « o o s o

Dutputs From EBOX To IBOX e s o o
_# FLD 29317 UW B#:97 (source ESEE)

I

DLE

E

ALLOW RETRY (source SCAH) . .
BLOCK STEP (source SCAH) + . .
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CHAPTER 1

EUNITS INTRODUCTION

1.1 EXECUTION UNITS PARTITIONING

JUPITER CPU PARTITIONING
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l.1.1 Overall

The JUPITER CPU, in its maximum configuration, contains 3 units which
are directly involved with the execution of instructions: 1IBOX, EBOX,
and FPA. The IBOX fetches streams of instructions, performs effective
address calculations, and fetches the memory operand, (or operands),
necessary for the instructions it determines may be reguired by the
EBOX. The EBOUOX accepts from the IROX: AC addresses, an instruction
code, a memory operand (or operands), and paging or error information
pertaining to memory references of each instruction, as each is callad
up for execution by the "last cycle" micro-ordasr. It then pearforas
the operation indicated by the instruction code. The FPA provides a
speedup of multiply, floating divide, floating add, and instructions
requiring two memory fetches, and as such is a logical (and optional)
extension of the IR0OX and EBOX.

1.1.2 MID

MID contains FRU logic for the CPU (a callout of most probable failing
module) , and IBOX-MBOX interface logic.

1.1.3 IDR

ILR (IBOX Datapath Right) contains bits 18:35 of the IBOX memory
address path, oper and data path and program counter logic.
Instruction memory address conflict detection for VMA 27:35 and
instruction loop detection (within the current PC section) are also
located on this module.,

1.1.4 IDL

IDL (IBOX Datapath Left) contains bits 6:17 of the IBOX memory address
path and program counter logic, bits #:17 of the operand data path
logic, instruction code and AC address buffers, skip/jump
determination logic, and ISET first cycle execution control RAMs,

1.1.5 TAG

TAG contains controi logic for IDPR and IDL. The TAG is a 4 bit wvalue
representing the PC adiress of an instruction which has been assigned
to the IBOX by IPUT (IBOX Micro-Code). The TAG is used to address 16
word register files into which will be placed information pertinent to
the instruction, such as instruction code, global bit, AC address,
effective address <calculation, memory operand, jump target addrass,
etc, IPUT accepts priority trap requests from £B0X control and IBOX
state logic, and thereupon directs address and operand path flow and
TAG assighments.
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1.1.6 1INX

INX contains the swrite compare indexes for instruction bits 9:12(XR
AC), instruction bits 14:17(AC), and OP2 address bits 27:35. These
compares are used to initiate refetch operations for buffer positions
within the IB0OX that have been possibly altered by the EBOX. Also
located on INX are the valid code logic, OP2 AC address update, and
the clock start-stop mechanism.

1.1.7 MVK

MVR contains bits 9:17 and 27:35 of the fast execution path of the
FBOX. It executes binary adds and subtracts, decimal adds and
subtracts, Boolean functions, haltuord operations, and mask and test
operationse. A duplicate copy of all AC sets and temporary ragisters
{refered to as the master AC backup> is located on this module.

1.1.8 MVL

MVL is physicaliy identical to MVxs, and pertorms the same function as
MVR with logical bits #:8 and 18B:26 of the fast execution path of the
EBOX,

1.1.9 ESE

ESE contains EBOX microcode RAMS which control instruction execution
during the first (1st 22ns period after which operands become
available) and subsequent cycles. First cycle control comes from fast
256X4 RAMS, which setup EBOX control fields directly from lookup
tables addressed by the instruction code. Second cycle control comes
from slow 4KX1 RAMS which are also addressed by the instruction code.
Third and subsequent cycle control comes from the same slow 4KX1 RAMS
addressed by the next address path.

1.1.16 CRA

CRA contains slow 4KX1 RAMS which control sections of the EBOX during
the 2nd and subsequent cycles of execution. During the first cycle
some control fields default to specific options wnich allow data path
gating via forwarding controlse. Next address control and the trap and
interrupt mechanisms are also located on this module.
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1.1.11 SHR

SHR contains bits 18:35 of the shifter (which performs a 72 input, 36
output left shift), bits 18:35 of two REGFILES and two copies of the
current AC set (one normally addressed by bits 32:35 of the effective
address calculation, the other normally addressed by the AC field ot
the instruction), and bits 18:35 of the master AC set, a RAM file
containing 8 AC sets plus 128 temporary registers.

1.1.12 SHL

SHL contains bits #:17 of the shifter, register files, AC copies, and
master AC set.

1.1.13 ScCa

SCA contains a 13 bit shift control path with addition and subtraction
capability. Also 1located on this module are an accounting meter,
interval timer, 1US time base, PC flags associated with shift and
floating point operations, the state reg, and APR flags.
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1.2 DIAGNISTIC INTERFACE

The diagnostic interface is the vehicle through which the console 1)
presets execution unit registers to desired states, B) forces control
decodes to manipulate the data paths, C) gains visibility into the
data and control paths, and D) 1loads control storage areas. The
196141 shift register is used to achieve all of these. It provides
the ability to locate the scan in/scan out mechanism as a functional
part of the data path. All 188141 shift registers used in this manner
and strung together (one“s shift output connectad to the other®s shift
input) are considered to be part of the active scan path. Other
196141 shift registers, not part of functional logic, are used for
presetting signals to desired states, and scanning data path and
control states independently of E unit operation. These are linked
together as the passive data pathe.

MSB LSB MSB LS8 MSB LS8 MSB LSB

R + pome e + tom——— - bomm———— +
+--=->1 141 1---->1 141 I-=>+ +->1 141 1---=>1 141 1==>¢
tmem—m——— + I | tececceay toem———— + 1
i "~ MDDULE A + o+ MDDULE B 1
i 1 t 1 !
i data path o=t |
{ !
R ————— mmeemeecccec—a——— m—eemmem—————— —— 1
MS8 LSB ! i
L et bl Dbt + 1 1
tomme==>] SCAN DATA REG e e 2 1
1 L L L e e L LD 2 3 1
l I | !
1 { I | 1
1 CONSOLE DATA PATH !
! LOAD/READ 1
el SO LD R L e e T G et L LTt

1.2.1 Active Scan Paths

The JUPITER CPU contains five active scan paths. Each is sourced at
the 10B0X and consists of shift registers which, under normal
operation (not clocks stopped due to error or console control) perform
a parallel 1load when their corresponding system clocks occur. When
the system clocks have been blocked by error freeze or a clock control
stop, the <console, via the I0BOX may perform one of t4o operations;
A) a parallel load via its own clock, B) a shift (normally hi-order to
lo-order) of 1. The active scan paths are connected as follows (MBOX
path shown in MBUX spec):
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fm——t
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i 1 1
! 1 ]
*BOX1 4===DESE===)MYR===dNMV[~==)mr e cccae= I=mm——— P Al kil Dl ->1 L
1 1 1
IMUXE
EB0X2: #===>CRA===>S5CA=-==>SHL-==)SHR===)=memec=)mmmree)ccncca)en——===)] ]
1 ! ]
| 1 L
! L 1
1 1 !
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1 i
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1 L
. L L e E L L L + i i
e mm—a > SCAn DATA REG lomee)-=9t 1
! pommm——————— ————emee———— + 1
! 1
o - (eromoenlrmmen—= {(=remce- (eomomccelrcrccccal(revnccec(ecccceae}

1.2.2 Passive Scan Patn

The JUPITER CPU contains two passive scan loops, one specifically for
the CLK module, another for the IBOX, EBOX, and MB3X modules. They
may be accessed at any time, without stopping the system clocks. A
strobe,synchronized to sYstem Clocks, 1is wused to gate controls to
perform various console-initiated operations. The passive scan path
is used for the following purposes:

1. Real-time scan of PC, VMA, FRU CODE

2. Force errors, force L MUX clocks, disable error stop, enable
auto retry

3. Strobed write to microcode RAMs and lookup tables, error reset,
clear data paths, clock restart, reset FRU stored

1.2.3 Scan Read And Load

A lo bit shift scan data register in the 10B0OX completes the scan path
loop. The register is 1loaded from the console via a 16 bit parallel
load path. The LSB of the register fans to the inputs of all active
and passive scan paths. The M5B shift in signal comes from an 8-way
mux of scan path LSBs.A common shift line is used for EBOX1, EBDX2,
IROX, and FPA, fach scan 1oop has 3 separate DYAG CLOCX. The Scan
Data Reyister represents a 16 bit window within the selected scan
loop. To read a4 16 bit segment of the selected loop, it is shifted
the appropriate number of times needed to position that segment in the
Scan Data PRegistere. It may then be read and/or altered directly by
the consoie. The seyment 1is then shifted back to its original
position in the scan loop.
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1.2.4 Reset

Reset of EBUX and IBOX is achieved by two methods: 1) Turning on SPFN
REG 3 by the EBUX microcode will cause a simultaneous clear of all
EBOX and IBOX data paths and error latches, with the exception of ESE
and CRA data paths. 2) Diagnostic load of passive scan register bits
at the CLK module followed by a diagnostic strobe will permit
individual control of the following:

a) clear EBOX error latches

b) clear 1B0X error latches

c) clear ESE data paths

d) clear EBOX, IBOX data paths (excluding ESE and CRA)
e) clear MBUX error latches

f) clear MBOX data paths _

g) clear current AC sets at EBOX and IBUOX

3) Diagnostic load of a passive scan register bdit at CRA will pernmit
clearing of the CRA module data paths.
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1.3 ERROR CONTROL LOGIC

crror control logic for JUPITER is designed {in such a way as to
support 3 RAMP goals; a) detection and recording of intermittant as
well as solid failures, b) hardware recovery from a high percentage of
CPU errors, c) fault isolation <to a module> of a high percentage of
errors prior to running of diagnostics and, in the case of
intermittants, without taking the system down. 28 to 25 % of JUPITER
logic is devoted to the implementation of these featurese.

1.3.1 Error Detection And Recording

0dd parity is generated for every bus greater than 4 bits wide. A
high emphasis is placed in three areas:

1. Fault isolation by module
2. Console access to internal data paths

3. “Catching” intermittant errors as close as possible to the
point of failurs.

36 bit data paths develop 1 parity bit for every 9 data bits. Micro-
code storaje areas contain 1 parity nit per word except in the case of
EEOX control storage, which contains 4 parity bits, two wused for
module fault 1isolation, and the other two for number field parity.
The EBOX main ALU, EBOX SCA ALU, and IBOX EA ALU are compared to a
duplicate every cycle. Parity dgeneration Occurs at the output of
boolean, ALU, and shift functions; parity checking occurs at the
input of boolean, ALU, and shift functions. Parity is modified and
propagated with 1 and 2 bit shifts. A modulo 3 residue checking
system is employed for verification of all FPA multiply and divide
results.

The scan-in, scan-out machanism described above is the method by which
console may assert control or data path signals, and read out a high
percentage of the data path. 196141 shift registers constitute
approximately 12% of JUPITER execution unit logic. Diagnostic control
has reserved to it a section of the microcode control storage, thus
allowing it to route, via set up of next address to read a microword
with desired control decodes, virtually all registers (if not already
a 141) through =mux paths and into 141s for scanning. This includes
access to 16 word register files and RAM arrays.

Strategic registers are frozen {if an error is detected at their
output. This approach halps in locating the source of an error likely
to be propagated through the system or lost, by the time the IBOX,
EBOX, and FPA module clocks can be stopped.
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1.3.2 HARDWARE RECOVERY

When an error has been detected, an error latch is set at the module
level. The error condition may then block the next clock to the
failing register. The error signal is also sent to the INX module
where 1t 1is funneled into the clock holdoff latch, which will then
stop the next clock ¢, 1 , 2, and 3 1in succession. The error
condition will block the store of results to ACs or memory for all
cycles following initial error detection, until the error latch 1is
reset by it°s designated CLEAR ERRS signal. A 2 bit code, called the
Retry Code, is loaded with the FRU reg to identify the number of
instructions which have entered the pipe since the initiation of the
instruction causing the error. The code is used by the console to
determine the number of PC instructions to step back in preparation
for a retry of the failing instruction . The console may also elect
to arm the EBUOX AUTO RETRY latch, which will force a microcode trap on
an error stop condition. A retry routine will branch on the value of
the retry code to a microword containing the appropriate command to
the IBOX. The Retry Code is defined as follouws:

RETRY CODE RECOVERY
a restart from PC BUFFER addressed by SEL I-1
1 restart from PC BUFFER addressed by SEL I-2
2 restart from PC BUFFER addressed by SEL I-2
3 restart from PC BUFFEx addressed by SEL I-3

Successtul retrys appear to be possible for nearly all instructions
with only 1 rasult to be stored. However 1in instructions with
mul ti-word results which overlay previous operands, successful retry
is not probable.

1.3.3 Ebox Microcode Retry

1.TRAP to address 43182

2.Disable Traps

3.Dispatch on retry code and sStep back SELI history counter

4,Retrieve SELTI and PC flags of instruction to be retried
a.Save PC flags in MAC scratch pad location

S.Clear EBOX, IBDX, and FPA data paths

6.Read PC of new SELI into data path

T+Flush Pipe

B.G0 to LUAD PC routine at IBUX

9.Enable Traps

13.Issue Last Cycle

1.3.4 Fault Isolation

For each error stop, the FRU REG is loaded at the MID module, provided
that the FRU STORED F/F is off. The FRU REs identifies to the console
the most probable failing module. Tne errors are prioritized so that
the source of the error will be identified, rather than the path which



EUNITS INTRODUCTION Page 1-12

merely propagated or received erroneous data. Since the errors are
frozen dynamically, and fed through a priority encode to genarate the
FRU CODE, an accurate method of trouble-shooting one error at a time
is achieved. The FRU REG, in the passive scan path, may be scanned
while the IBOX and EBDX «clocks are running following an error
detection and retry startup. The individual error conditions are also
frozen upon detection and are scannable via the active scan path prior
to a console restart of system clocks. During the microcode rascovery
routine, a dispatch on pipe error occurs, causing the EBOX to initiate
a flush of the IBDOX pipeline.
Reloadable storage areas, shown below, are handled by the

console as a special case.

IPUT microcode TAG module
ED table lookup TAG module
ISET microcode iDL module
ESE microcode ESE module
CRA microcode CRA module
SHL #MAC SHL module
SHK MAC SHR module
FPA microcode ARC module
Divide Lookup OPF module

A failure at reloalable storage will block Auto Retry, even if console
has enabled the Auto Retry mechanism. Console, after reloading tne
failing area, must force the EBOX microcode to enter its retry routine
via the CRA load address rege Each of the above areas has a backup.
In the case of a microcode or divide lookup error, the diagnostic load
address reg for that storage contains the failing address; therefore
console may reload that word with data from 1it°s own microstorage
backup. In the case of a MAC error, the hi order 4 bits of the write
address are held at the MAC backup on MVL and MVR, and will be used by
the console to reload the failing 16 word set from MAC backup.
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Below is a 1list of errors versus FRU codes in order of priority.
ERROR FRU CODE

IBOX HI ERRURS:

IPUT MICROCODE ERROR d TAG
ED TABLE LOOKUP ERROR 1 TAG
PF OR TAG IN ERROR 2 MID
LEFT E1E2 ERROR 3 IDL
RIGHT E1E2 ERKOR 4 IDR
IC ERROER 5 IDL
STR ERROR 6 TAG
INX ERROR 7 INX
IBOX LO ERRURS:

ISET ERROR 3 IDL
LEFT EA ALU FRROR 1 I0L
RIGHT EA ALU ERROR 2 IDR
MVL MAC BACKUP ERROR 3 MVL
MVR MAC BACKUP ERROR 4 MyR
LEFT 0OP2 ERROR 5 I0L
RIGHT 0OP2 ERROR 5§ IDR
VCODE OR VBUF ERROR 7 INX
EBOX Hl EKRURS:

LEFT MAC ERROR # SHL
RIGHT MAC ERROR 1 SHR
FLAGS FERROR 2 SCA
RIGHT X,Y ERROR 3 SHR
SCA INTERNAL ERROR 4 SCA
ILLEGAL PAGE FAULT 5
LEFT X,Y ERROR 6 SHL
SPARE 7
EBOX LO ERRORS:

ESE ERROR # ESE
CRA ERROR 1 CRA
MVL DUTPUT ERROR 2 MVL
MVR OUTPUT ERROR 3 MVR
MVL ALU ERROR 4 MVL
MVR ALU ERROR 5 MVR
MVL INPUT ERROR 6 MVL
MVR INPUT ERROR 7 MYR

FPA ERRORS
<T0 BE DEFINFD>
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1.4 CLK MODULE SPECIFICATION

The JUPITER clock controls provide the gating of a master oscillator
source 1in such a way that synchronous clock phases will result at the
1080X, IBOX, EBOX, FPA, MB0OX, and memory arrcray. The <clock control
logic will also include start, stop, and count mechanisms for
diagnostic purposes. The CLK module also contains diagnostic 1logic
which controls data path resets, error latch resets, and scan path
operation within the CPU.

1.4.1 1I0BOX INTERFACE TO THE SYSTEM CLOCK

Qutputs from CLK module to I0E0X:

1e4elel FREF RUN CLK {(source CLKZ) =-

The CLK module will send a 45.45 sMhz pulse, 1lins on, llns off, to the
1080X. The positive transition of this pulse will correspond to the
negative transition of phase # at the CPU. It will be free-running at
all times. (dest 1UPi)

1.4,1.2 ID C3N CLX A,B (source (CL¥X2) -

The CLK module will send two 45.45 Mnz pulses, llns on, 1llns off, to
the I0BOX. The positive transition of these pulses will correspond to
the negative transition of phase # at the CPU. It will be blocked by
DISABLE M. (dest I0MG)

g time
1
- R ——-—— + tom——
1 PH® 1 i 1
tmm———— + $m—m——t
------------ + ettt 2 P
§ PH1 1 i 1
pm—— + pm———— +
T —————— + Prmemr e e —————— + $m———
1 PH2 1 i i
tmwm——y o ———
O T ——— + T T o tm——-
1 PH3 1 1 i
pm——— tom——— +
Prmmm e —— + trmmmc e m—— + pom———
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1.4.1.3 CLK ERR (source CLK6) -
CLK Frror 4ill be set if two or more phases of the four-phase clock
ring become active simultaneously, or if a phase fails to occur as

shown in the above dwge. It is cleared by RESET TO CLK MOD from tne
I10B0X. (dest I0PG, xlated to TTL and sent to CSLG)

1.4.1.4 CLK MOD SCAN IN (source CLK3) -

Output of the passive scan path at the CLK module, (dest I0PG)

1e4.2 Inputs To CLK Module from I0BOX:

The IOBOX sends controls to the CLK module to set up and execute the
clock start/stop features. The passive scan path permits the IOBOX to
shift into a control register a field representing a command to the
clock control logic.

1.4.2.1 CLK MOD SCAN CLK (source I0PG) -

This clock w~iil be used to load or shift the tae clock conttol passive
scan pathe. (dest CLK3)

1.4.2.2 CLK MOD SCAN OUT (dest CLK3) -

This is the serial data input to the clock control passive scan path.
It will be used to load the Clock Control Register. (source IOPG)

Command Bits of the Clock Control Register:

CLOCK CONTROL REG

bem———— pm————— $om———— pm————- e e T R e

! FSEL t FREQ IBURSTE! DISE | DISM 1BURSTMI COUNT 2-255 1

S et T T $mm————— $m———— tm————— $ommm——— pm—————— ——————
15 14-12 11 190 9 8 1-8

1.4.2.2.1 COUNT Field (bits 7-¢) -

The CUUNT field represents a count of clock phases to be stepped 1in
the MBOX, IBO0OX, &BUX and FPA, when BUKSTE or BURSTM are turned one.
For example, Disable E (2it 14) on Wwill stop all <clocks in the CPU
foliowing the next active phase 3 (after the positive transition of
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phase 3, all EBOX clocks will be degated). Following this, a count of
##1 and BURSTE on will step all clocks in the CPU through the
negative, then positive transition of phagse #, Count increments of 4
represent full machine cycles (22ns).

The BURSTM command will will cause the MBOX clocks to step the number
of phases indicated by the COUNT field. The BURSTM control register
bit will be reset dhen the count is completed.

The DISABLE M command will stop all MBOX clocks following the positive
transition of the next phase 3. Turning DISABLE M off 4ill start the
MBOX clocks with the negative transition of the phase which would
normally follow the last phase 1issued. The last phase issued is
called PHASE X. 1Its value (#,1,2,or 3) is latched when a burst count
completes, when DISABLE E or DISABLE M are turned on, or when it is
altered via consoie load irow the CLK module passive scdan patne

The DISABLE E command will stop all EBOX, FPA and EBOX controlled IBOX
clocks followWwing the positive transition of the next phase 3. Turning
DISABLE E off will start the EBOUOX, FPA, and EBOX controlled 1IBOX
clocks Wwith the negative transition of the phase following PHASE X
(see DISABLE M for a description of PHASE X).

The BURSTE command will step all EBOX, FPA, and EB0X controlled 1IBOX

clocks the number of phases indicated by the COUNT field., The BURSTE
control register bit will be reset when the count is completed.

104.202.6 FREQ (bits 12‘14) -
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The machine cycle frequency may be varied from the nominal
22ns by the FREQUENCY CONTROL bits 12-14. The selections area:
FXT source

288 Mhz, 2#ns machine cycle

181.8 Mhz (nominal), 22ns machine cycle
163.6 Mhz, 24ns machine cycle

nominal div by 2, 44ns machine cycle

PPN I R~

FREQ SEL ENA (bit 15)

The FREQUENCY SELECT ENABLE will cause the frequency of the clock to
change according to the FREQUENCY CONTROL bits.

1.4.2.3 CLK MDD SET ECL (source I0PG) -

This the strobe which will load the Clock Control Register from the
clock control passive scan path. (dest CLK3)

1.4.2.4 CLK PAS TO CLX (source I0OP?) -

Clock to the diagnostic passive scan path, (dest CLK8)

1.4.2.5 CPU ACT SCAN (source I0PI) ~-
Controls whether the active scan paths in the CPU are in serial shift

(CPU ACT SCAN on) or parallel load mode (CPU ACT SCAN off). (dest
CLKB)

1.4.2.6 CPU SCAN 0OUT ECL {(source 10PG) -

The serial data input to the active scan paths of the CPU. (dest
CLKB)

l1.4.2.7 CPU STROBE {source I0Pl) -

The strobe which will enable the control information of the diagnostic
passive scan path in the CPU. (dest CLKB)
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1.4.2.8 PAS SCAN MOUDE (source IOPI) -
Controls whether the diagnostic passive scan path in the CPU 1is 1in

serial shift (PAS SCAN MODE on) or parallel load mode (PAS SCAN MODE
off). (dest CLKB)

1.4.2.9 RESET T0 CLX ™MOD (source I0PG) -

Clears CLK ERR and restarts the clock source ring. (dest CLK3)

1.4.2.12 CLK SCAN MODE (source 10PG) -
controls whether the clock control passive scan Dpath is in serial

shift (CLK SCAN MDDE on) or parallel load mode (CLK SCAN M0ODE off).
{dest CLK3)

1.4.3 CPU INTERFACE TD THE SYSTEM CLOCK

Qutputs From CLK Module To The CPU:
PHASE 6 T3 (module name)

PHASE 1 T3 ¢ "
PHASE 2 10 ® "
PHASE 3 13 * "

Two identical sets will go to the IBOX modules to
allow for separate control by DISABLE M and DISABLE E.

1.4.3.1 DIAG CMD ENABLE (source CLKG) -

Console-initiated strobe to the passive scan controls at CRA. (dest
CRARA)

1.4.3.2 DIAG SH ACTIVE EBDX (source CLKG) -
when this signal is high, the scan path is in serial shift mode; when

low, the scan path is in parallel load mode. (dest SCAH, CRAH, SHLM,
SHRM, MVLF, MVRF, ESEI)

l.4.3.3 EBOX1 ACT DATA IN (source CLKG) -

Serial data input frow the console to the Es0X1 active scan path,
(dest ESFEG)
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1.4.3.4 EBOX2 ACT DATA IN (source CLKG) -

Serial data input from the console to the EBJIX2 active scan path,
(dest CRAI)

1.4.3.5 PRESET AC LEFT, RIGHT (source CLKG) -

Console controlled clear of the register filles which <contain the
current AC set. Used for EBOX initialization.(dest SHR8, SHLBSB)

1.4.3.6 RESET CRA ERROKR (source CLKG) -

Console controlled clear of error latches on CRA and SCA wmodules.
(dest SCA2, CRA7)

1.4.3.7 RESET SCA (source CLKG) -

Console controlled clear of tlagss, Llatches, and data patns on SCA.
{dest SCA2)

1.4.3.8 TOD CLK (source CLK1l) -

TOD CLK is a 5@sMhz, 28ns on, 28ns off signal sent to the MID module
which will be further divided to generated the step to the time base
and interval counter at the SCA module. (dest MIDB)

1.4.4 1Inputs To CLK Module From The CPU:
1e4.4.1 CLK HLD OFF F+¢E (dest CLK7) -

CLK HLD OFF F+F from the CPU INX moduie will stop all <clocks to the
EBOX and FPA following the positive transition of the next phase 3.
CLK HLD OFF F+E going inactive will cause the same clocks to start up
with the negative transition of phase 3. (source INXC)

1.4.4.2 CLK HLD OFF I8UX (dest CLK7) -

CLK HLF OFF IB0X from the CPU INX module will stop all EBOX related
IBOX clocks following the positive transition ot the next pnase 3.
CLXK HLD OFF Ip0X going inactive will cause the same clocks to start up
with the neyative transition of phase 4., (source INXC)
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1.4.4.3 DIAG PAS 3JUT MID (source MID2) -

Serial data in to the clock module portion of the diagnostic passive
scan path. (dest CLKB)

1.4.4.4 SPFN CLR DP ERR (source SCAH) -
Resulting from EBOX LD SPFN micro-order and # Field #3, causes reset
of EBOX and 1IB0X data paths and error latches with the exception of

CRA and ESE data paths. The CLK module is used to drive the resulting
control signals to all modules affected. (dest CLKB)

1.4.5 MEMORY INTERFACE TO THE SYSTEM CLOCK

Outputs From Clock Control To Memory Modules:

1.4.5.1 EARLY PHJ TD MMC (source CLK2) -

An individually driven, free-running phase @ will be sent to the MMC
module in the MB3X. From there it will be re-powered with copies sent
to the memory array modules. (dast MMCR)



CHAPTER 2

EBOX

2.1 GENERAL

The JUPITER FBOX is AdAesigned in such a way that maximum performance is
derived from a limited number of ICs. Eaphasis is placed on the fast
execution of commonly used instruction groups including mask and test,
full and halfword moves, arithmetic, jumps, skips, and boolean. 1In
approaching the design, it was found to be mor2 efficient to make an
entire group run fast rather then focus on a few highly used
instructions. This in turn also served to reduce considerably the
amount of control logic required to deal with the exception cases,

Since instruction mix analysis showed that the above-named groups
occupied from 82-9¢2% of dynamic execution, it was decided to create a
hierarchical design, with MOVE <Cexecuting move and mask&testd> and ALU
<executing arithmetic, stack, and booleand> controlled from fast 256X4
RAMS, and all other instructions executed in the traditional method of
microprogram control. Thus, the JUPITER EBOX exscutes nearly 3842
instrucions in one or two 22ns cycles.

22ns prior to the start of execution, the IBOX supplies the EBOX with
the instruction code, AC addresses <for both AC field and EACALC
32:35>, and an instruction/operand valid it which permits the
instruction execution to proceede The instruction code addresses the
fast 256X4 and slower 4kX1 RAMs simul taneously. In the next cycle
<first cycle of execution>, the microword controlling the EBOX is
selected from the fast KAMS. The second cycle of execution may be
either a 22ns <cycle or a 44ns cycle depending on the setting of the
LAST CYCLE and L EARLY bits < LAST CYCLE and L EARLY both on indicate
a 22ns cycle>. The second and subseguent a@microwords words are
selected from the 4kX1 RAMS each 44ns.

The fast 256X4 RAMS control only the 22ns path <MOVE, ALU>, whereas
the 4kX1 «AMs control a 44ns shift and shift control path as well as
utilizing the MOVE and ALU sections as part of 2 larger 44ns path,
This provides the microprogram with a very powerful arithmetic,
boolean, merge, compare, and shift capability.
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2.2 MVYE MODULE (MVL,MVR IN CPU BACKPANEL SLOTS 5,5)
2.2.1 MYE Functionality

2.2.1.1 MOVE/ALU Path - The MOVE/ALU path is contained on two
identical modules, MVL and MVR. It consists of two 22ns loops, each
of which may receive inputs from the other, or from SHIFT , FPA, or
IBOX operand paths, under the control of X1, Y1, or RF fields.

2.2.1.2 MOVE Operation - Two operands are presented to the MDVE path
at CLX 2, SEL 0Pl and SEL 0OP2. SEL 0P1 in the first cycle of
execution receives a word from one of the following:

le X or Y AC sets < X is addressed by EACALC 32:35, and Y 1is
addressed by AC field> on the X or V¥V BRUS

2o A forwarded result through L1, D, and X or Y <£if current
instruction requires an operand from an AC word which is in
the process of being stored

3, F BUS < 1if conflict compare 1indicates that previous
instruction result selected at L mUX 1s from ¥ and current
instruction uses it as an operand>

4, RF BYUS ¢ if <conflict compare indicates that previous
instruction result salected at L MUX is from RF and current
instruction uses it as an operand>. SEL 0P2 {in the first
cycle of execution receives a word from one of the following:
a)the X AC on the X BUS <X AC addressed by FACALC 32:35>
b)a forwarded result through L1, D, and X <«Kif current
instruction requires an operand froa an AC word which is in
the process of h»eing stored>

5. The IBOX 0OP2 BUS if no results are being forwarded and the
EACALT does not represent an AC

6., From R BUS or F BUS via the same forwarding controls applied
to SEL 0OPl.

In second and subsequent cycles SEL 0OP1 and SEL 0P2 inputs are
controlled entirely from 4kX1 control storage RAM fields X1, Y1, and
RF.

Half word instructions are executed via SW and R MUX controls. SW MUX
permits merging of either left or right half of SEL 0OP2 with the left
or right half of SEL 0OPl. R MUX may select either half= zeros or
ones, or either half = SEL (P2 hHit 2 or 18, Move, Zeros, and 0nes
instructions are also executed via SW and R MUX controls,

Masking for test instructions occurs at an AND function with 1inputs
from SEL UGP1 and SEL UpPZ. 1The AND true outputs connect to comparators
which, under COMP field control perform a partial compare <in the
first cycled> of the AND outputs to the values -1, #, and +1l. Compare
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results go to the IBOX where skip/ jump successful determination will
be made. In the case of TEST LEFT instructions, SEL OPl receives the
AC operand with it®s left and right halves swapped at the 0P1 MUX, and
SELL. 0P2 receives (0P2 BUS from the IBOX with zeros in it°s left half,
and the lo order 18 bits of the EACALC in the right half.

All MOVE path results are clocked into the RF MUX at a delayed CLK 3
of the same cycle, <CLK 3 gated by L EARLY B from the current cycle”s
microword>.

2.2.1.3 ALU Operation -

ALU inputs are logically identical to ¥VE inputs, with the exception
that in the first cycle, the Y1 MUX may be disabled to force zeros
into the Y1 ALY input. This is used with an ALU decode 4 and forced
carry to provide a fast add 1 or subtract 1 to either ALU half, while
AF MUX, also under ¥1 FIELD control, is gating the AC operand into the
MOVE path.

The main ALU is 36 bits wide, divided into two 18 bit sections. an
extension of two bits 1s made on the high order end to facilitate
multiply operations, thus providing F 8US =2 and -1 to the SHL moaule.
The ALU performs binary and decimal adds and subtracts, and boolean
functions in 22ns. The ALU #:35 may also be separated into tuwo 18 bit
sections with carry control to both.

ALU results are clocked into the F MUX at CLK 2 of the same cycle <CLK
2 gated by L EARLY 8 of the current cycle®s microword>,

2.2+1.4 L BUS - The L BUS is used to transfer results from the R BUS
<MOVE>, F BUS <ALU>, or A BUS <FPA> to the following modules:
negative L BUS <1 backpanel stub at IDL,IDR>
a) IBOX IDL and IDR
b) MBOX MDL and MDR

positive L BUS <2 backpanel stubs, one each at SHF and FPA>
c) EBUX SHL and SHR
d) FPA
The L MUX is clocked at CLK 1. Since it is a stubbed bus, 18ns are
allowed before it”s destination registers are clocked at CLK 3.
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2.2.2 Error Control

Parity generation occurs at the output of the F BUS < ALU result)> and
at the output of the AND function of the MOVE path. A parity bit is
generated for each byte, composed of bits #:8, 9:17, 18:26, and 27:35,
respectively. Parity checking is performed at the output of the SEL
OP1 MUX, SEL 0P2 MUX, and L MUX, If a parity error is detected at
either SEL UPL or SeL 0P2, the fotlowing CLK 9 will set tne MVYL or MVR
INPUT FERROR latch which will a) nlock the next CLK 2 to SEL 0P1l, SEL
0P2, and ALU, and b) will signal to the error control logic on the MID
module to stop all gated 130X, 280X, and FPA clocks starting «ith CLK
g 2%ns later, and sequentially stopping CLK 1, CLK 2, and CLK 3, in
that order. If a parity error is detected at the L MUX, the following
CLK 3 will set the MVL or MVR DUTPUT ERROR latch which will a) block
the next CLK 1 to the L MUX and leading edge control CLK 1 of the MAC
BACKUP write-enables, and b) will signal the error control logic on
the INX module to stop all gated IBOX, EBOX, and FPA clocks starting
with CLK 4 27.5ns later.

The carry generates of the two duplicate ALUs are compared to
determine whether an ALU error has occurred. If the results of the
two ALUs combined produce an odd count, an error trigger is set at the
next CLK 3, folloded by a clocking of the MVL or MVR ALU ERR latch at
the following CLK #. The MVL or MVR ALU ERR signal will cause the INX
error control to stop all IBOX, £BOX, and FPA clocks starting with CLK
# 28ns later,

System reset will reset F, RF, and L MUXes to zeros with good parity,

and 0P1 and 0P2 to ones with good parity. with good parity. Error
reset will reset MY DUTPUT ERR, MV INPUT ERR, AND MV ALU ERR.

22.3 Interface: Inputs To MVL,MVR Modules
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2.2.3.1 A BUS £d:35, 4P (source FPA) -

36 bit result word from FPA. (dest MVEG)

2.243.2 ALU ©:3 UW 89:83 (source ESEB, ESEC) -

Timing:s CLK ¥ gated by previous machine <c¢ycle = 0DD CYCLE. ALU
control field from £B0X microcode. See EBUOX MICROCDDE CONTROL
SPECIFICATION under ALU. (dest MYEL, MVEM)

2+243.3 CC 2:2 Ux P4:06 (source ESEB,C) -

Timing: CLK 4 gated by previous machine cycle = 0DD CVYCLE. Carry
Control field from EBUX microcode, determining the mode of operation
of carry into bit 17 and carry into bit 35 of the main ALU. See EBDX
MICROCODE CONTRUL SPECIFICATION under CARRY CONTROL. (dest MVEI)

2e2e3e4 CLLAX ERES (source CLKp) -

Clears all MVE error latches. Set on by strobe from the console.
{dest MYEK, MYEL)

2¢2+3.5 CMPR TUO 7S Uw 17, CMPR TU 1 UW 1B (source ESED) -

Timing: CLK 1 gated by previous machine cycle = 0ODD CYCLE. Comp
field from EBOX microcode, used for compare to zero, minus one, or
plus one, of the result of a masking operation of SEL OPl and SEL 0OP2.
See EBOX MICROCODE CONTROL SPECIFICATION under COMP. (dest MVEM)

2.2.3.6 CRY To 35 (source MVLI) -

From carry control logic on MVLI, is used for carry lookahead there
and is the sent to MVRI for the same purpose. {(dest MVRI)i

2.2.3.7 DCAR #8, 17, 35 (source MVEI) -

Decimal add/subtract carry bits from decimal carry lookahead logic on
MVL and MVR. All decimal adds and subtracts take 44ns as opposed to
22ns for binary operations. (dest MVEI)
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2.2.3.8 DIAG ACT OUT (source For MVL=MYRL, Source For MVR=ESEJ) -

Serial data input for the MVL,MVR portions of the EBOXl1 active scan
path. (dest MVLF,MVYRF)

2.2.3.9 DIAG CLK ACT (source For MVL=CLKB, Source For MVR=MVLM) -

The clock for the £80X1 active scan path. This <c¢lock 1is wused to
parallel 1load or serial shift the 18#141s on MVL and MVR. It is
inclusively or”ed with system clocks which normally parallel 1load
these registers. (dest MYLM, MVRM)

2.2.3.19 DIAGC SH ACTIVE EBOX (source CLKG) -

Wwhen this signal is high, the scan path is in serial shift mode; when
low, the scan path is in parallel load mode. (dest SCAH, CRAH, SHLM,

2.2.3.11 EXT 94,18 TO SELF, EXT #9,18 TO MVR (source MVLH) ~-

These hits are copies of SEL UP2 bits 34 and 18, Under 2 MUX control
(EBOX microword bits 13:16), the value of SEL 0OP2 bit 22 or 18 may be
gated into either the left or right half of the R MUX. See EBOX
MICROCODE CONTROL SPECIFICATION under R/Y REG RD. (dest MVL6, MVR6)

2.2.3.12 FORCE ALU ERR (source CRAA) -

This signal is strobed on by diagnostic controls at CRA. MVL and MVR
ALU err latches will be set by turning FORCE ALU ERR on and leaving it
on while causing CLK 1 GATED A (MVLM, MVRM) to occur. (dest MVLL,
MYRL)

2¢2+3.13 FORCE LO L CLK (source IDRH) -

Tnis signal is strobed by diagnostic controls at |[DR. It allows
results from the ALU or MOVE path to be gated through the L MUX while
EBOX microcode does not advance. Thus a single micro-word
causing a MOVE or ALU operation to occur may be issued, and results
may be routed into and scanned at L RPEG. Normally, L MUY may not be
clocked wuntil CLX 1 of the machine cycle following the MOVE or ALU
operation, (dest MVLu, MVR#M)
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2.2.3.14 GLOBAL (source CRAH) -

Under CARRY CONTROL, GLJIBAL may be used to determine whether The main
ALU will be in 36 or 18 bit mode. If GLOBAL is on, it may be selected
to inhibit a carry into bit 17 of the ALU. (dest MVLI)

2.2.3.15 G ¥9-13, 14-17, 18-22, 23-26, 27-31, 32-35 (source MVEJ) -

These are the carry generates «hich are wused by MVL and MVR to
determine the carry-lookahead selection of the F MUX. (dest MVLI,
MVYRI)

2.2.3.,16 L EARLY B (source CRA7) =~

Gates the clocking of F BUS and RF 8US latches. 1In a 44ns microcycle,
under L EARLY EVEN and L EARLY 00D control from EBOX microcode, F and
RF may be Clocked in the even cycle (first half), odd cycle (second
half), or both even cycle and odd cycle.

242.3.17 LSW @831 Uw #9:18 (source ESEB, ESEC) -

Control the selection of bits #3217 and associated parity of the S¥
MUX (also <called PASS 0OP)., See EBOX MICROCODE CONTROL SPECIFICATION
under Sw/ X REG RD. (dest MVE1-5)

2.2.3.18 L UW 23 (source ESED) -

Controls tae selection of RF BUS or F BUS through the L MUX. See EBOX
MICROCODE CONTROL SPECIFICATION under L. (dest MVEL)

2622319 MAS AC MUX ¥:3 (source SHLF, SHRF) -

High-order 4 bit address to the AC BACKUP RAMs. The AC BACKUP is a
copy of the 256 word Master AC set and scratch pad at SHL and SHR. It
is used by the console during hardware retry to recover data in the
event of a MAC parity error. {(dest MVEF)

24203022 0P1l=1S (source CRAF) -

A signal resulting from an EBROX special function field micro-order,
causes a set of SEL 0Pl aata bits and a reset of SctlL 0Pl parity bits.
It allows SEL OP2 to pass through to the CDOMP BUS and-gates for
compare to 3, =1, or +1,., See EBDOX MICROCODE CONTROL SPECIFICATION
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under SP FUNCTION. (dest MVE1l)

2.2.3.21 O0OP1 Uw 27 (source ESEH, ESEC) -

From EROX microcode, controls selection into the SEL 0Pl MUX of either
AF MUY direct or AF MUX with halfwords swapped. See EBOX MICROCODE
CONTROL SPECIFICATION under DOP1/WR REG FI. (dest MVEl1-4)

2+.2.3.22 0P2=1S (source CRAF) -

A signal resulting from a EBOX special function field micro-order,
causes a set of SEL 0P2 data bits and a reset of SEL 0P2 parity bitse.
1t allows SEL OPl to pass through to the COMP BUS and-gates for
compare to &, -1, or +#1. See EBOX MICROCUDE CONTROL SPECIFICATION
under SP FUNCTION (dest MVEH)

2.2.3.23 0P2 BUS (source IpL1-5, IDR1-5) =~

Timing: io-order bit must be valid T2+1.4 to T2+12.7 /LU hi-order bit
must be wvalid T2#2.2 to T2+13.7 /LU 36 bit data path from IBOX to
EBOX. It may be selected into the X1 MUX and thus into SEL 0OP2 wvia

the FBDX microcode X1 field control bits. (dest MVE1l-S)

2.2.3.24 P 299-13, 14-17, 18-22, 23-26, 27-31, 32-35 (source MVEJ) -
These are the carry propagates which are used by MVL and MVR to

determine the carry-lookahead selection of the F MUX. (dest MVLI,
MVRI)

2.2.3.25 PHASE #:3 TO MVL, MVR (source CLK7-i) -

Clocks to MVL and MVRP from the CLX module. See CLK MODULE
SPECIFICATION in chapter le {(dest MVEM)

202¢3.26 R ¥:3 UW 13:16 (source ESEB, ESEC) -

From EROX microcode, controls the selection of data inputs to the R
MUX. See EBOX MICKOCODE CONTROL SPECIFICATIUN under R/ ¥ KEG KD.
(dest MVES)
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2.2a3-27 RF UwW 194 (SOUI‘C& CRAD) -

From EBOX microcode, controls selection of RF MUX to be R BUS if off,
or A BUS, if on. See EBOX MICROCODE CONTROL SPECIFICATION under RFe.
(dest MVEL)

2.2.3.28 RSW #:1 UW 11312 (source ESER, ESEC) =~

Control the selection of bits 18:35 and associated parity of the S
MUX (also called PASS OP). See EBDX MICROCODE CONTROL SPECIFICATION
under SW/ X REG RD. (dest MVEl-5)

2422329 5YS RESET (source CLKB) -

Sets SEL 0P1 and SEL OP2 to 1s with good parity, resets Carry Gut, F
BUS, L BUS, and RF BUS latches to #s wWith good parity. (dest MVEM)

2¢2¢3436 Wk 8K ¥3:3 (source 5CAd) -

Timing: must be valid T@+3.8 to t3+8.5 /LU Hi-order 4 bits of address
to AC BACKUP RAMs, The AT BACKUP is 3 copy of the 256 wWord master AC
set and scratch pad at SHYL and SHk. It is used by the console during
hardware retry to recover data in the event of a MAC parity error.
(dest MVEF)

2+42+.3.31 WKRITE BKUP (source ESEJ) =-

Control signal caused by EB0X microcode STORE field will enable a
write of L REG data into the MAC backup RAMs. (dest MVEF)

2¢243.34 X RUS -2, -1, 98:35, 4P (source SHL7, SHR7) -

Data path from the SHIFT, AC, and REG FILE portion of the EBOX. X BUS
may be gated into the X1, Y1l or AF ®UXes under microcode or forwarding
control. During the ilst cycle of an instruction it may only bde
selected into the X1 MUX if a match has occurred between the AC value
of the UP2 address (if it represents an AC) of the current instruction
and the AC address of a STORE AC operation in progress. X BUS =2 and
-1 are used for EBOX multiply operations. (dest MVE1-5)
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2¢2.3.33 X1 EN (source IDLE) -

From ISET microcode in the IBOX, is used to force the output of the X1
MUX to zeros during the 1st cycle of selected instructions., See IBOX
MICROCODE CONTROL SPECIFICATION, ISET, under X1 DISABLE. {dest MVEl)

2.2.3.34 X1 P:1 uUd# 37:38 (source ESEK) -

Control field from EBOX microcode which determines the selection of
inputs to the X1 MUX. See EBOX MICROCODE CONTROL SPECIFICATION under
Xl. (dest MVE1-5)

2.2.3.35 Y BUS 38:35, 4P (source SHLA, SHRA) -

Data path from the SHIFT, AC, REG FILE portion of the EBCX. Y BUS may
be gated 1into the V¥1 and AF #MUXes under microcode or forwarding
control. (dest MYE1l=-5)

2.2.3.36 Y1 EN (source IDLE) =-

From ISET nicrocode in the IBOX, is usad to force the output of the V1
MUX to zeros during the 1lst cycle of selected instructions. See IBOX
MICROCODF CONTROL SPECIFICATION, ISET, under Y1 DISARLE. (dest MVYE1l)

223,37 ¥1 ©8:1 UW 39:47 (source ESEK) -

Control field from EBOX microcode which determines the selection of
inputs to the Y1 and AF MUXes. See EBOX MICROCODE CONTROL
SPECIFICATION under V1. (dest MVE 1-5,L)

2.2.4 1Interface: Jutputs From HVL,MVKk Modules
2.2.4.1 CARRY 0OUT (source ™MVLS8) -

Carry out of bit ¢ of the main ALU, is clocked by a delayed <clock 2.
Carry out goes to CRA as a Next Address dispatch input, and is then
sent from CRAI to SCAE under the name of CRY UUT as an input to PC
FLAGS CRY? and CRYl. It is also latched by the following clock 1 at
CRAT and sent to SHRJ under the name of CARRY 0OUT OF ALU as an [24Q
REG input. (dest CRAG, CRAIL)
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2.2.4.2 COMP 08, 99 (source MVES) -

COMP 27 is the *and” of SEL 0Pl bit 27 and SEL DP2 bit 98, COMP 99 is
the <and” of SEL 0OpP1 bit 29 and SEL 0OP2 bit #9. The “and” of the two
bits is gated to IBOX jump determination logic if the EBOX microcode
R/ Y REG RD field selects the COMPARE BUS into the R MUX. (dest IDLI)

2.2'403 CDHP 31-38’ 19’17' 18‘26, 27-35 EQ (SOUI‘CE MVEM) -

The equal result of a compare of the COMP BUS to 4, -1, or +l. These
signals are sent to IB0X jump determination logice The value being
compared against is determined by the ERDX microcode COMP field,
(dest IDLI)

2.2.4.4 CO#P 31-88, 18-17, 18-26, 27-35 & (source MVEM) -

These signals denote that a segment of the COMP BUS 1is greater than
the value 9, -1, or +1. They are sent to IBOX jump determination
logic. The value being compared against is determined by the E£BOX
microcode CUMP field. (dest IDLI) hl3 COMP ¥i-£8, i0-17, 1luo-2b6, 27-35
LS (source MVEM)

These signais denote that a segment of the COMP RBUS is less than the

value -1 or +1, as determined by the EBOX microcode COMP field. They
are sent to IBOX jump determination logic. (dest IDLI)

2<2.4.5 CRY To 35 (source MVLI) -

From carry control logic on MVLI, is used for carry lookahead there
and is the sent to MVRI for the same purpose. (dest MVRI)i

2.2.4.6 DCAR 28, 17, 35 {(source MVEI) -

Decimal add/subtract carry bits from decimal carry lookahead logic on
MYLL and MVR. All decimal adds and subtracts take 44ns as opposed to
22ns for binary operations. (dast MVEIL)

2.2.4.7 ODIAG CLK ACT MVL, MVR (soutce “VEM) -

This clocked is issued under diagnostic control to shift or parallel
load the EBUX1 active scan pathe (from MVL, dest=MVYRM, from MVR,
dest=ESE])
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2.2.4.8 EXT 68,18 TO SELF, £XT 06,18 TO MVR (source MVYLH) -

These bits are copies of SEL 0P2 bits #4 and 18. Under R MUX control
(£BOX microword bits 13:16), the value of SEL OP2 bit @4 or 18 may be
gated into either the left or right half of the R MUX. See EBOX
MICROCODE COUNTROL SPECIFICATION under R/Y REG RD. (dest MVL6, MVR6)

2.2.4'9 F BUS (SOUtce HVEB, 9' A) -

F BUS is the 38 bit result of the main ALU. It is clocked at a
delayed phase 2. Some of tne F BUS high-order bits are sent to CRA as
Next Address dispatch inputs. F BUS -1 and F BUS -#2 are latched at
CRAI with a Clock 2 and sent to SHLH D MUX inputs as F REG -21 and F
REG -#2. F 8US #¥ and F BUS -#1 are sent to SCAE for generation of
the overflow indication. (dest CRAI, CRAG, SCAER)

2.2.4.18¢ G ?29-13, 14-17, 18B-22, 23-26, 27-31, 32-35 (source MVEJ) -

These are the carry generates which are used by MVL and MVR to
determine the cCcarcy-lookanead selection of the ¢ MUXe (dest MVLI,
MVRI)

2¢2+4.11 L BUS (source MYED, E, F) -

The L BUS is the 36 bit result data path of the FBOX. It is wused to
send data to memory or ACs to be stored, to send a memory address and
qualifiers to the IBOX, and to re-circulate data back through the SHL,
SHR data paths, It is selected from the F BUS, R BUS, or A BUS, under
EBOX L and RF control bitse (hi dest=SHLJ, SHRJ, FPA, 1lo dest=IDLA,
IDRG, MDPN)

224,12 MVL, MVR ALU ERR (source MVEL) -

Indicates that the propagates and generates of the duplicate ALUS were
not equal. Once set, it will hold until CLEAR ERRS is issued under
diagnostic control. It is also latched and held at the register
inputs to tne FRU logic at MID., Providing no otner higher priority
faiiure has occurred at the same time, ALU ERR will set an FRU code
indicating an MVE fallure. (dest MID1)
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2.2.4.13 MYL, MVR BACKUP ERR (source MVEK) -

Indicates that bad parity was detected at the output of the MAC backup
RAMs during a non-write cycle. (dest CFL)

2.2.4.14 MVL, MVR INPUT ERR (source MVEK) -

Indicates that bad parity was detected at SEL 0OP1 or SEL 0OP2. It will
cause a freeze of the SEL 0P1, SEL 0OP2 latches and ALU outputs. It is
latched and held at the register inputs to the FRU logic at MID. If
an X BUS, Y BUS or 0OP2 BUS, or other higher priority failure has not
occurred at the same time, the FRU code will indicate an MVE failure.
(dest MID1)

2.2.4.15 MVL, MVR OUTPUT ERR (source MVEK) -

Indicates that bad parity was detected on the L BUS. It will cause a
freeze of the L BUS Dy blocking further clocks to the L MUX. It will
also block writes to the MAC backup RAMs. It is sent to MID where it
is latched and neld at the register 1nputs to the ¥FRU logic.
Providing no other highar priority failure nas occurred at the same
time, the FRU code #will indicate an MVE failure. (dest MID1)

2.2.4.16 OJVERFLOW (source MVLB) -

Overflow from the main ALU to set 0OV and CRY1l flags under FLAG FIELD
control. (dest SCAE)

2.2.4.17 P #9-13, 14-17, 18-22, 23-26, 27-31, 32-35 (source MVEJ) -

These are the carry propagates which are used by MVYL and MVR to
determine the carry-lookahead selection of the F MUX. (dest MVLI,
MVR])

2.2.4.18 ﬂﬂ-ﬁﬁ, Q9-17, 18-26' 27-35 EQUAL (source MVEM) -

The compare result of F BUS to -1, +#1, or ¢ according to the setting
of the EBDX microcode CUMP field, These signals go to CRA as Next
Address 4dispatch inputs. (dest CRAI)
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2.3 SHL,SHR MODULES (CPU BACKPANEL SLOTS 3,4)
2.3.1 SHL,SHR Functionality

2.3.1.1 SHIFT/AC/REG Path - The SHIFT/AC/REG path is contained on tdo
identical modules, SHL and SHR. It consists of a 44ns loop through a
SHIFT MATRIX, AC sets and register files, and muxing necessary to
route the outputs of all of these into either the SHIFT MATRIX or the
MOYE/ALU path.

2¢3.1.2 Shift Operation - The SHIFT MATRIX is a 72 bit input, 36 bit
output left shifter with a maximsum shift value of 36 (142186@), It”"s
hi-order input comes from the X REG, loaded from the X BUS at CLK 2
gated by not L EARLY A. It°s lo-order input comes from the Y REG,
loaded from the Y BUS at CLK 2 gated by not L EARLY Aa. The shift
output is available at the Z MUX 3dns after the clocking of the X and
Y REGs, at CLK # gated by L EARLY 8.

2¢3.1.3 REGISTER FILE OPERATION - Two 16 dord register files are
prtesent on SHL aad SHR (5Hi= bits w:17 and SiiR= bits 18:35). These
are used as temporary storage files which are identical in contente.
The write address is determined by control bits 33:36; write timing
is determined by L EArLY. A write will occur in the second or
subsequent cyclas {if bit 59 is on. X REG RD is controlled by bits
9:12 and Y REt RD is controlled by bits 13:16.

2.3.1.4 AC/MASTER AC DOPERATION - Two copies of the current AC set are
kept on SHL and SHR. The X AC read port is addressed by bits 32:35 of
the EACALC in the last Cycle of an ipnstruction, so that the X MUX may
select between the data of an AC store iIn progress <if conflict
compare> and the output of the X AC for an operation in the first
cycle of the next instruction. 4 The X1 MUX at the ALU will select
between a memory operand <if EACALC is a memory location> or the X BUS
<if EACALC is an AC>, or R or RF BUS if forwarding from a previous
cycle®s resultss The Y AC read port is addressed by instruction bits
14:17 in the last <cycle of an instruction, so that the ¥ MUX may
select between the data of an AC store in progress <Kif conflict
compare> and the output of the Y AC for an operation in the first
cycle of the next instruction,

The X AC and ¥ AC addressing is determined in second and subsequent
cycles by control bits 33:35.

The MASTER AC set is a 256 word array of 128 AC sets and 128 temporary
registers. It may read or write every 22ns, as opposed to the current
AC sets which may read and @rite every 22ns.
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The addressing of the MASTER AC set is determined by control bits
33:36 Write enable timing is controlled by L EARLY and STORE CUNTROL.
The STEP CTRS microorder will cause the MASTER AC to be read followed
by an 1{inccement of its 4 lo-order bits by 1. Tuo increments of one
will occur during the 4¢dns period containing STEP CTRS. fine
microcycle later,under dly control, the copies of the selected AC set
will be written with the data from the MASTER AC, followed by an
update of the AC sets” address +1 <this occurs twice in the second
microcycled. The 16 words of each AC set may thus be loaded at a rate
of 1 per 22ns, with the data travelling from the MASTER AC set through
the 7 MUX, X HUX, X1 MUX, R MUX, RF MUX, L MUX, L1 MUX, and the MQ
MUX.

2.3.2 Error Control

Parity is generated at the output of the SHIFT MATRIX. Four parity
bits are <carriad with all 36 bit wide data paths of SHL and SHR.
parity is modified at the D and X MUXes to compensate for the 1 and 2
bit shifts. Parity checking occurs at the output of the MAC REG, X
REG, and Y REG.

A parity error at the MAC REG will set x MAC rREo ERR (for SdR) and L
MAC REG ERR (for SHL) at the CLK 2 tollowing the CLK 4 to MAC REG.
This error condition will a) block the next clock to the MAC REG, and
b) signal to error control 1logic at INX to stop all system clocks
starting with CLX & 33ns later.

A parity error at X REG or Y REG will set R REG OR AC ERR (for SHR)
and L REG OR AC ERR (for SHL) at the CLK @ following the CLK 2 to X
AND Y REG. This error condition will a) block the next clock to the X
AND Y REGs, and b) signal to error control logic at MID to stop all
system clocks at CLK ¥ 22ns later.

System reset will reset L1 REG, X REG FILE, Y REG FILE, and Z MUX to
zerc with good parity. Error reset will reset the error latches “MAC
OR Z ERR” and °“REG UOR AL ERR”.

2¢3.3 Interface: Inputs To SHL, SHR Modules
2¢3+3.1 AC ADR FLD 39:12 (source INX1l, IDLE) -

At the LAST CYCLE of an instruction, a new SELI 1is generated which
will read the AC fields of the two possible successor instructions to
that SELI. During the execution cycles of SELI (lst cy through last
cy) the AC ADR F¥LD will contain the AC FIELD of the predicted
successor instruction. At LAST CYCLE of SELI, AC ADR FLD 49:12 will
bg cilocked 1nto the Y AC KD ADR latches at SHL and SHR. (dest SHLF,
SHRF)
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2.3.3.2 CARRY OUT OF ALU (source CRAI) -

lLatched at clock 1 on CRA, is the carry out of bit 4 of the previous
cycle*s main ALU operation at MVL/MVR., At SHRI it is used as an input
to the L2MQ register, and will be shifted into L2MQ@ REG 35 at the
following phase 3 if an L2MQ shift left of 1 is specified by the D
FIELD of the EBOX microcode,

23.3.3 D 932 UW 140:122 (source CRAC) -

Controls shifting/hold of L2MQ and O MUX input selection. See EBOX
MICROCODE CONTROL SPECIFICATION under D FIELD. {dest SHLJ, SHRJ)

2.3.3.4 DIAG ACT JUT SHL (source SHLS5) =

Serial scan data of the FBOX2 diagnostic shift path., (dest SHRC)

2e3e3e5 UIAG CLK ACT EB2 (source [iLKkp) -

The clock for the EBDOX2 active scan path. This «clock 1is used to
parallel load or serial shift the 122141s on the SHR module. It is
inclusively or“ed with system clocks which normally 1load these
registers. (dest SHRL)

2e3.3.6 DIAG CLK ACT SHR (source SHRL) -

The clock for the EBOX2 active scan path. Starting at the CLK module
as DIAG CLK ACT EB2, this clock passes from SHR to SHL to SCA to CRA.
It is used by diagnostic control to parallel load or serial shift the
scan path registers. It is inclusively or“ed with the system clocks
which normally 1oad these registers. (dest SHLL)

2.3.3.7 DIAG SH ACTIVE EBOX (source CLKG) -

When this signal is high, the scan path is in serial shift mode; when
low, the scan path is in parallel load mode. (dest SCAH, CRAH, SHLM,
SHRM, MVLF, MVERF, ESEIL)
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203'308 D MUX ﬂa A (Soufce SHL?) -

Sign bit copy from SHL to be loaded into X register file sign position
on SHR.(dest SHR7)

23.3.9 EN AC WRITE A,B (source ESEJ) -

Write control for the current AC sets at SHL and SHR. When active, a
write to the ACs will occur in the following cycle. (dest SHLS,
SHRSB)

2.3.3.18 EN MAS AC (source ESEJ) ~-

Write control for ths Master AC sets at SHL and SHR. When
active, a write to the Master ACs will Occur in the following
cycle, (dest SHLD, SHRD)

2.3.3.11 ESTEP ACT UUT SCA (source SCAB) -

Diagnostic scan path serial output from SCA. (dest SHLC)

2.3.3.12 F REG =-1,-2 (source CRAI) -

F BUS is the 38 bit result of the main ALU. It is ~clocked at a
delayed phase 2. Some of the F BUS high-order bits are sent to CRA as
Next Address dispatch inputs. F BUS -f1 and F BUS -8#2 are latched at
CKAI «with a Clock 2 and sent to SHLH D MUX inputs as F REG =81 and F
REG -@2. F BUS 28 and F BUS ~-#1 are sent to SCAE for generation of
the overflow indication. (dest CRAI, CRAG, SCAE)

2.3.3.13 HOLDOFF TO SHL, SHR (source MIDA) -

With &R 3 Uw 36 off, Holdoff to SHR will cause VMA 32:35 to be
selected into the 4 hi-order bits of the Master AC address. Holdoff
to SHL, SHR will occur due to holdoffs which are the effect of EBOX
walting for a) 1IBOX to respond to a SPFN ICMD, b) an MBOX access to
complete, represented by MBOX RESPONSE or ABORT CYCLE. (dest SHLF,
SHRF)
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2¢3.3.14 L RUS (Source EVED; E[ F) -

The L RUS is the 36 bit result data path of the £B0X. It is used to
send data to memory or ACs to be stored, to send a memory address and
qualifiers to the IBOX, and to re-circulate data back through the SHL,
SHR data paths. It is selected from the F BUS, R BUS, or A BUS, under
£80X L and KF control bits. (hi dest=SHLJ, SHRJ, FPA, 1lo dest=IDLA,
IDRG, MDPHN)

2.3.3.15 L EARLY ON A,8 (source CRA7) =

Controls the clocking of Z MUX, X REG, and Y REG on SHL and SHR. If
the source for Z MUX is the shift matrix, L EARLY on will block the
clocking of Z at clock 3 of the next machine cycle. If the source for
7 MUX 1is the MAC set, L EARLY has no effect on the clocking of 2.
Step AC Adr Dlyd 2, Last Cycle, or “not” L EARLY ON epnables the
clocking of X and Y REGS.(dest SHLH, SHRH)

2.3.3.16 LAST CYCLE T1 C,D (source CRAI) -

f.ast cycle control from microcode causes clocking of Y AC read address
for the next instruction. (dest SHRF,SHLF)

2.3.3.17 L1 REG 16:18 (source SHRI, SHLI) -~

L1l REG bits 16217 go from SHL to DMUX 18:19 at SHR for a shift right
of one or two positions. L1 REG bit 18 goes from SHR to DMUX 17 input
at SHL for a shift left of one position. (dest SHRG, SHLG)

2.3.3.18 L2MQ REG 16:18 (source SHRI, SHLI) -

L2MQ REG bits 16217 gqo from SHL to SHR L2MQ shift input 18 for a shift
right of one or two positions. L2MQ REG bit 18 goes from SHR to L2MQ
17 shift input for a shift left of one position.(dest SHR1, SHLI)

2.3.3.19 MAC M'UX 1:3 (SOU!‘Ce SC&H) -

AC block selection if MAS AC ADR 2 is off. MAC MUX 1:3 1is selected
from #FLD 11:13, current AC block, or previous AC block. Tf MAS AC
ADR @ ¢ is on, 128 scratch pad locations are accessible by #FLD 194:17.
(dest SHR¥,SHLF) SHLF)
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20303.2@ MAC TO Z REG (SOUIC% CRAF) -
EBOX microcode SPFN 3 causes selection of the shift matrix to the Z

MUX wvia “not” MAC TO Z REG. At all other times MAC is selected to Z.
(dest SHR3, SHL3)

2.3.3.21 MAS AC ADR 2 (source SCAH) -

If U¥ 36 “sel #FLD” is on, ¥FLD 18 is gated to MAS AC ADR @2, the
hi-order bit of the master AC address,(dest SHRF, SHLF)

2¢3e3.22 MQ UW 133 (source CRAD) -
Controls the mode of operation of the L2MQ REG. If off, the L2MQ
pecforms a parallel load with data from the L1 kEG. 1If on, the L2MQ

shifts per D MUX control (if the D MUX performs a non shift operation,
the L2MQ holds it’s value.(dest SHRJ, SHLJ)

2¢3+3.23 03P2 AC ADR 32:35 (source CFL) -

The address of the X AC set supplied by the IB0X.{dest SHREF, SHLE)

2.3.3.24 PHASE 4:3 T0O SHL, SHR (source CLKC,D,E,F) -

Clocks to SHL and SHR from the CLK module. See CLK MODULE
SPECIFICATION in chapter 1l.(dest SHRL, SHLL)

2+.3e3.25 PRESET AC LEFT, RIGHT (source CLKG) -

tonsole controlled clear of the register files which contain the
current AC set. Used for EBOX initialization.(dest SHR8, SHLB)

2.3.3.26 REG WR UW 27 (source ESEB,C) =~

Controls the write of the X and Y REG files 1in conjunction with L
EARLY. See EB8JX MICROCODE CONTROL SPECIFICATION under 0OPl/WR REG
FILE., (dest SHR7,5H4L7)
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2.3+3.27 RESET SHL, SHR ERKOR (source CLKG) -

Console controlled reset of the orror latches on SHL and SHR. (dest
SHRL, SHLL)

2.3.3.28 S BUS 4:5 (source SCA9) -

The value indicating the number of positions the shift wmatrix 1is to
shift the X,Y REG doubleword to the left, (dest SHR3, SHL3)

2¢3.3.29 SCAD #4311, P (source SCAB) -

Path for meraing hi-order bits into the data path wvia the D NUX,
usually used to merge floating point exponents.(dest SHLH)

29303'3ﬁ STEP AC ADR (Source ESEJ) -
Caused by 5TUxkE CUNTRUL field decode 7, tais signal 1s used to step AC

addresses while a Dlock of ACs isS heing loaded from the MAC sat to the
current AC set. (dest SHRJ, SHLJ)

2.3.3.31 SYSTEM RESET (source CLKG) -

Console controlled reset of the data paths on SHL and SHR. (dest
SHR1, SHL1)

20303032 ¥ MA 32:35 (Soutce IDRCID) -
Lo-order bits of the virtual memory address; 1is used to access the

ACs 1in the event that a VMA access of the MBOX represents an AC
address.(dest SHRE, SHLE)

223.3.33 WR 833 UW 33:36 (source ESED, CRAE) =

Write address for the X and Y REG files. See EBCX MICROCODE CONTROL
SPECIFICATION UNDER "wR”.{(dest SHRF, SHLF)
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2.3.3.34 X REG 18:35 (source SHRS) -

Input from SHR to that portion of the SHIFT MATRIX on SHL. (dest
SHL4)

2¢3.3.35 X #:2 UW 41:43 (source CRAC) -

EBOX microcode control of the X MUX selectse. See EBOX MICROCODE
CONTROL SPECIFICATION under °X*. (dest SHR6,J, SHLS,J)

2.3¢3.36 XRD €33 Uw ¥9:12 (source ESEB,ESEC) -

Read address of the Y REG file, See E30X MICROCODE CONTROL
SPECIFICATION under “SW/XRD®. (dest SHRA, SHLA)

233,37 Y REG 20217 (source (SHLS) -

Input from SHL to that portion of the SHIFT MATRIK on SHR. (dest
SHR4)

2.3.3.38 ¥ #:1 UW 44:45 (source CRAC) -

£80X microcode control of the ¥ MUY selects, See EAOX MICPROCODE
CONTROL SPECIFICATION under °*Y°., (dest SHR9,5HL9)

2¢3¢3.39 VYRD 4:3 UW 13:16 (source ESEB,ESEC) -

Read address of the VY REG file. See EBOX MICROCODE CONTROL
SPECIFICATION under °“R/YRD” .(dest SHRA, SHLA)

2.3.3.40 § FLD 98:17, 2P (source ESEE,ESEF) -

EBOX microcode input to the data path via the X MUX, See EBOX
MICROCODFE CONTROL SPECIFICATION under “#°. (dest SHR6, SHLS6)

2.3.4 Interfaces Jutputs From SHL, SHR Modules
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2.3.4.1 AC WR ADR MUX @:3 (source SHRE, SHLE) -

(dest CFL, IDRG)

2:3;492 D MUX ﬂﬂ A (Source SHL?) -

Sign bit copy from SHL to be loaded into X register file sign position
on SHR.(dest SHR7)

2.3.4.3 DIAG ACT OUT SHL (source SHLS5) -

Serial scan data of the EB0X2 diagnostic shift path. (dest SHRC)

2.3.4.4 DIAG CLX ACT SHL (source SHL#M) -
The clock for the EB0OX2 active scan pathe. This clock 1is wused to
parallel 1load or serial shift the 194141 shift regs on SCA. It is

‘or=-eu” with sSystem «clocks whicn normally paraliel 1ioad these
registers. (dest SCAH)

2.3.4.5 L1 REG 16:18 (source SHRI, SHLI) -
L1 REG bits 16:17 go from SHL to DMUX 18:19 at SHR for a shift right

of one or two positions. L1 REG bit 18 goes from SHR to DMUX 17 input
at SHL for a shift left of one position. (dest SHRG, SHLG)

2.3.4.6 LZHQ REG 16318 (Source SHRI’ SﬁLl) -
L2MQ REG bits 16:17 go from SHL to SHEK L2MQ shift input 18 for a shift

right of one or twWo positions. L2MQ REG bit 18 goes from SHR to L2MQ
17 shift input for a shift left of one position.(dest SHRI, SHLI)

2.3.4.7 MAC ERROR (source SHRL,SHLL) -

(dest MID2)
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High-order 4 bit address to the AC BACKUP RAMs. The AC BACKUP is a
copy of the 256 word Master AC set and scratch pad at SHL and SHR. It
is used by the console during hardware retry to recover data 1in the
event of a MAC parity error. (dest MVEF)

203.4.9 VHA 32:35 A’B -

2.3.4.16 X BUS -2, -1, #2:35, 4P (source SHL7, SHR7) -

Data path from the SHIFT, AC, and REG FILE portion of the EBOX. X BUS
may be gated into the X1, VY1 or AF #UXes under microcode or forwarding
control. During the 1st cycle of an instruction it may only be
selected into the X1 MUX if a match has occurred between the AC Vvalue
of the 0P2 address (if it represents an AC) of the current instruction
and the AC address of a STORE AC operation in progress. X BUS -2 and
-1 are used for £B0X multiply operations. (dest MVE1-S)

2.304'11 X REG 18:35 (Soutce SHRS) -

Input from SHR to that portion of the SHIFT MATRIKX on Siil. (dest
SHL4)

2,3.4.13 X,Y ERROR (source SHRL, SHLL) -

{dest MID2)

2.3.4.14 Y BUS 80:35, 4P (source SHLA, SHRA) -

Data path from the SHIFT, AC, REG FILE portion of the EB8DX. ¥ BUS may
be gated into the ¥1 and AF MUXes under microcode or forwarding
control. (dest MVEl1-5)
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2.3.4.15 Y REG 28:17 (source (SHLS5) -

Input from SHL to that portion of the SHIFT MATRIX on SHR. {dest
SHR4)

2.3.4.16 Z REG ng‘gg -
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2.4 SCA MODULE (CPU BACKPANEL SLOT 1)
2.4.1 SCA Functionality

2.4.1.1 Shift Control/Meters/Flags - The SCA module contains a 13 bit
ALU path used for <controlling the SHIFT MATRIX shift value and
floating point exponents. Also on this module are the accounting
meter, interval timer, PI and APR flags, PC flags, time base, and the
4 bit State reg.

2.4.1.2 SCAD - The shift control ALU is a 12 bit binary add or
subtract function receiving inputs from J and K MUXes. The output of
the ALU is latched into the SCAD REG which provides the floating point
exponent to the D MUX on the SHL module, and dispatches for branching
under control of the next address switch. The output of the ALU |is
also latched into the SC REG, which may be held more than one cycle,
and is used for branching and shift control purposes. The FE MUK
receives inputs from either the ALU or the K MUX, and loads the FE KkEG
at CLK2 gated by L EARLY A and FE Uw bit 68 off., Both the SCAD REG
and the 3C REG are also clocked at CLK2 gated by L EARLY R,

2.4.1.3 1US Time Base - The TIME BASE consists of a 16 bit counter
wilch wupdates at 1lus intervals and is simultaneously readable and
clearable by microcode. The INIT TIM amicro-order with X REG 26 on
presets the time base to zero while at the same time gating the last
value of the counter (prior to preset) to the next microcycle®s
field 2217. INIT TIM with X RFEG 25 on enahles the time base to update
+1 from a synchronized lus pulse. Conversely INIT TIM with X REG 25
off will block the update.

2.4.1.4 Interval Timer - The INTERVAL TIMER is a 12 bit count-up
counter. The LD TIM micro-order sets a 12 bit interval into the
INTERVAL register from X REG 24:35. LD TIM sets a flip 1latch to the
value of X RFG 21 to allow the timer to step up once every 1ldus (X REG
21 on and LD TIM turn the timer on). The interval 1is continuously
compared to the count in the timer. A match will set the TIMER DONE
flage A carry out of counter will set the TIMER OVERFLOW flag. The
INIT TIM micro-order sets the interval timer PIA from X REG 33:35. It
the TIMER DONE flag is set, it will be steered into one of seven timer
interrupt 1levels via the timer PIA decode. The timer interrupt
levels, one of which may carry the timer interrupt, are sent to the
interrupt system.
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2.4.1.5 Flags - The eleven PC flags are located on the SCA module,
and may be loaded from bits #:12 of the Y REG. They are read into the
next # FIELD ©¥3:12 when PC FLAGS micro-order is issued,

PC FORMAT
et T R et i st S A et DT T TR ST
L | 1 1 1 1 1 USER! VINH 1 L} 1 1 NO 1
! OV ICRYDICRYLIFOV IFPD JUSERT 1D 1 fADR ITRP2ITRPLIFOV IDIV 1
1 ! 1 1 { i 1pCU 1! 18RK | ! 1 1 1

B o ol Y US P SPNDEIURRY SRR U SRR S R RSN Y ST W G SR SN GRS SR Y

2 1 2 3 4 5 6 7 8 9 19 11 12

The STATE REG is an 4 bit register of independently settable and
resettable flagse. STATE REG bits 2:3 are set by # FIELD 9:3,
respectively, and reset by 4 FIELD 4:7, respectively, when the LD
STATE micro-order is issued. The STATE REG bits are used to remember
the status of microcode subroutines as portions of an instruction are
completed. They may be read into # FIELD 933 if the RD FLAGS
micro-order is isued. STATE REG bits are primarily used as dispatches
into the NA BUS under control of the NA SWITCH. The APR flags are a
set of 4 flip-flops independently settable by asynchronous conditions
external to EBOX operations. They may also be independently set or
reset by the LD APR micro-order. The flags are labelled as follous:

fiag function

28 protocol done

29 console attention
3 power faiiure

31 non-existent memory

The EN APR micro-order loads a register from X REG 24:31 which gates
the respective APR flags into an “or” funnel. If any APR flag is on
and enabled, an APR interrupt signal will be generated. The EN APR
micro-order also 1loads the APR PIA from X REG 33:35. The APR PIA
register selects the APR interrupt into the appropriate 1level (one
through 7), which is then presented to the interrupt mechanism,

2.4.1.6 Interrupt Mechanism - The LD PI micro-order arms the JUPITER
interrupt mechanism in the following manner: LD PI sets X REG BIT 28
into a latch which reprasents *interrupt system on* and allows an
interrupt trap to Occur at any Last Cycle. The microcode may also do
a skip using interrupt request as an input to next address 1logic.
This alloas the interrupt to be taken in the middle of long
instructions, Interrupt levels one through seven mav be raised by IO,
APR, or TIMER service requests. these levels are gated into a
priority encoder by the "levels on” hardware register, a saven bit
register loaded from X REG 29335 by the LD PI micro-order. The output
of the request priority esncoder is compared with a latched encode of
the current level in proqress, which is loaded from X REG 21327 by the
LD PI micro-order. A compare is made between the current level and
requested level. If tne requested level is higher in priority (lower
in number) than the current level in progress, an 1interrupt request
line is generated. Intefrupt request, Last Cycle, and Interrupt
System On will generate an interrupt trap, forcing slow microcode to
go to address 4211 {(octal), if no console trap is pending (console
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trap is the only higher priority trap)e.

2.4.2 Interface: Inputs To SCA Module
2.4.2.1 ALU 28-17 = 2 (source CRAI) -
Signal which is the “and” at CRA of F BUS @d:¥8 = zero and F BUS #9:17

= zero; causes the set of TRAP 2 flag if FLAG field decode 14. (dest
SCAG)

2.4.2.2 CPU ID 89:13 (source CPU Backpanel) =~

Individualized backpanel swiring of ECL high and low inputs which
provide an identification number for the CPU. (dest SCAF)

204423 CSL ATIN (source I0P) =

Interrupt from the cousole whicih enters tne CPU as APR FLAG 2. (dest
SCAI)

2.4.2.4 DIAG ACT OUT CRA (source CRA7) -

Serial output of EBOX2 diagnostic scan path from CRA. {dest SCA9)

2.4.2.5 DIAG CLX ACT SHL (source SHLM) ~-

The clock for the EBOX2 active scan path. This clock 1s used to
parallel 1load or serial shift the 190141 shift regs on SCA. It is
‘or-ed” with system clocks which normally parallel 1load these
registers. (dest SCAH)

2.4.2.6 DIAG SH ACTIVE EBOX (source CLKG) -

When this signal is high, the scan path is in serial shift mode; when
low, the scan path is in parallel load mode. (dest SCAH, CRAH, SHLM,
SHRM, MVLF, MYRF, ESEI)
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2,4.,2.7 EBOX AC 29:12 (source CFL) -

The AC field of the instruction currently in execution by the EBOX,
(dest SCAH, MIDC, CRAG)

2.4.2.8 EBOY STEP B (source CFL Via CRAI) -

EBOX STEP from the IBOX indicates to the EBOX that the 1st cycle 1in
progress is a wvalid operation, that all information needed to begin
execution of the instruction was prefetched and presented properly to
the EBOX by the 1IBOX. At CRAH it is used to gate the clock of the
GLOBAL and PC SECT = ¢ indicators. At SCAJ it is wused to gate the
update of the FLAG HISTORY BUFF address. (dest SCAJ)

2.4+2.9 EBOX Xk 14:17 (source CFL) -

The index register field of the instruction currently in execution.
It is valid during an F£B0X routine at the IBOX. (dest SCA3)

2.4.2.18 FE CTL (source ESED) -

Controls clocking of the FE MUX at SCAS; from EROX ucode bit 17. FE
will clock in EVEN CYCLE if bit 17 on, in 0ODD CYCLE if bit 17 off.
See FBOX MICROCODE CONTROL SPECIFICATION under “COMP®. (dest SCA7)

2.4.2.11 FE 931 U4 68:69 (source CRA7) -

Control clocking of the FE MUX. See EBOX MICROCODE CONTROL
SPECIFICATIUON under FE FIELD. (dest SCA7)

2.4.2.12 FLAG 823 UW 29332 (source ESED, CRAD) -

The FLAG field determines the update of flags and counters resident on
SCA. see EBOX HMICROCODE CONTROL SPECIFICATION under “FLAG CONTROL®.
(dest SCAE)

2.4.,2.13 FORCF 1ST TJ SCA (source CFL Via CRAH) -

Force 1st will prevent the update of flags on SCA, and control the the
setting of (0DD and EVEN CYCLE 1latches at ESE and CRA. Force 1st
indicates that tne instruction is not valid, that the IBOX not yeot
completed the prefetch of information necessary for the EBOX to
execute the cuarrent instruction. (dest SCA7)
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2.4.2.14 IL 1:5 TO CPU (Source IGP) -

Interrupt levels 1 through S5 from the IC PORTS. (dest SCAA)

2.4.2.15 INCREM TRC (source MIDB) -
1 micro-second interval signal which is synchronized to the CPU clocks

by 1logic on MID. This signal causes the Time Rase Counter update by
+1. (dest SCAB)

204-2016 INT TId +1 (Soutce “IDB) -
12 micro-second interval signal which is synchronized to the (CPU

clocks by logic on MID. This signal causes the update of the Interval
Timer. (dest SCAB)

2.4.2.17 J 222 Ud 71:73 (source CRAC) -

EBOX microcode control of the J MUX selects, See EBOX MICROCODE
CONTROL SPECIFICATION under °J FIELD®. (dest SCA3)

2¢4.2.18 K @:2 UW 74:76 (source CRAC) -

£BOX microcode control of the K MUX selects. See EBOX MICROCODE
CONTROL SPECIFICATION under °K FIELD*. (dest SCA4)

2.4.2.19 L FARLY ON (source CRA7) -
Gates the clocking of the FLAGS under the control of the FLAG FIELD.

I EARLY ON will enable flags at SCAE and SCAG to set at clock 2 of the
next machine cycle. (dest SCAB)

2e4.2.,2¢ LAST CYCLE A (source ESEK) -

From ERDOX microcode LAST CYCLE control, causes 0ODD CYCLE at SCA to
synchronize with ODD CYCLE at ESE and CRA. (dest SCA7)
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2¢42.21 LD SPFN REG (source CRAF) -

Control to load the SPFN REG from the # FIELD. The SPFN REG |is
cleared at CLK 3 of Last Cycle. LD SPFN REG also gates § FIELD t-o
enable other special functions not contained in the SPFN REG, such as

FORCE PHYSICAL. See EBOX MICROCODE CONTROL SPECIFICATION under
“SPFN". (dest SCAH)

2.4.2.22 O0OVERFLOW (source MVLB) -

Overflow from the main ALU to set 0OV and CRY1 flags under FLAG FIELD
control. (dest SCAE)

24.2.23 PHASE 24:3 TO ScaA {source CLKC’D'E[F) -

Clocks to SCA from the CLK module. See CLK Module specification in
chapter 1. (dest S5CAK)

2.4.2.24 PREV EN A (source ESEJ) -

Control to select the previous AT block number to address the MAC and
AMC backup. (dest SCAH)(dest SCAK)

2.4.2.25 PwR FAIL (source IOP) -

Indication of an AC power failure presented as an interrupt wvia APR
FLAG 3. (dest SCAT)

2.4.2.26 RESET CRA ERROR (source CLKG) -

Console controlled clear of error latches on CRA and SCA modulese.
{dest SCAZ, CRA7)

2¢4.2.27 RESET SCA (source CLKG) -

Console controlled clear of flags, latches, and data paths on 3CA.
(dest SCAZ)
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2.4.2.28 SC CTL (source ESED) =

From COMP field bit 17. If UWw 17 is on, SC REG will <clock in EVEN
CYCLE; if UW 17 1is off SC REG will clock in 0ODD CYCLE. See EBOX
MICROCODE COUNTROL SPECIFICATION under “COMP”., (dest SCAT)

2.4.2.29 SC 8:2 UWA 65:67 {source CRAC) -

EBOX microcode control of the SC MUX selection and the clocking of the
SC REG. See EBJX MICROCODE CONTROL SPECIFICATION under °“SC FIELD®.
(dest SCAT)

2.4.2.34 SCU ALU Uw 77 (source CRAB) -

EBOX microcode control which determines the mode of operation of the
SC ALU. I1f U 77 is on SC ALU is in subtract mode; if UW 77 is oft
SC ALU is in add mode. (dest SCA7)

2.4.2.31 SEL #FLD (i (source CRAE) -

From U¥ bit 36. If on, cause selection of 4 FIELD 12213 %o the MAC
and #AC BACKUP hi-order 4 address bits from 5CA. UW 36 on at SHR and
SHL will cause selection of # FIELD 14:17 to MAC and MAC BACKUP
lo-order 4 address bits. (dest SCAH)

2.4.2.32 SPFN LD BLX (source CRAF) -

EBOX microcode SPFN decode 2 to load the current and previous AC
blocks. Current from Y REG #:2; Previous from Y REG 335. (dest
SCAH)

2.4.2.33 SPFN LD IO REG (source CRAF) -

EBOX microcode SPFN decode 6 to load I0 REG with <control information
for the I0 PORTS. A strobe from CRA signals to the I0P that the IU
REGISTER signals are valid. See EBOX MICROCODE CONTROL SPECIFICATION
under °“SPFN”. (dest I0P)
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2¢4+.2.34 SPFN LD PI (source CRAF) ~

EBOX microcode SPFN decode 1 to 1load the PI system «ith control
infromation. See FEBOX MICROCODE CONTROL SPECIFICATION under °“SPFN°.
(dest SCAA)

2.4.2.35 X REG 18, 28:35 (source SHR6) -

X Register bits from SHR. Bit 18 is used as a dispatch to CRA next
address, as an input to the J MUX at SCA3, and as an input to the
Shift Matrix at SHL. Bits 28:35 are used as inputs to the J MUX at
SCA3, and the Shift Matrix at SHL. {(dest CRAG, SCAl, SHL4)

2.4.2.36 Y REG #9217 (source SHL6) -

Y Register bits from SHL. Bits 2:3,13 are used as dispatches to the
CRA next address; bits #2317 are used as inputs to the Shift Matrix
at SHR, and as inputs to K MUX and flags at SCA. (dest CRAG, CRAH,
SHR4, SCAl)

2e4.2.,37 # FLD d£:17 Ux 8%:97 (source E&SLE) -

Input to J MUX, K MUX, flags on SCA. # FLD bits ##:13 g0 to MID,
latched by SPFN ICMD, as qualifiers for memory operations. # FLD bits
14217 qo to ISQ as the 4 lo-order bits of the IPUT microcode address
of the 1st IPUT microword of an EBOX routine. See EBOX MICROCODE
CONTROL SPECIFICATION under “# FLD° and <“SPFN ICMD”. (dest SCA2,
MID8, ISQi)

2+4.3 Interface: Outputs From SCA Module
2.4.3.1 ALLDOW RETRY (source SCAH) -

SPFN REG bit which, if off, indicates to the console, following a
hardware error, that the instruction in execution had entered a region
of microcode which precluded instruction retry. Allow retry is set on
at Clock 3 of Last Cycle. (dest CRAG, INXC)

2.4.3.2 BLOCK STEP (source SCAY) -

5ignal to the [IB0OX whicn will prevent tne loading of a new SELLI wupon
the occurance of the next Last Cycle, causing EBUX to remain in the
current S&LI. This allows instruction execution microcode at EBOX to
be entered at the start of an instruction following the handling of
setup due to page fail traps, the “execute” instruction, etc. {dest
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CRAF, CFL)

2¢4.3.3 CLEK JREAL (Soutce SCAH) -

Causes the clear of the Jump Real latch at 1IDLI. For <certain
instructions, 1ISET (IDL) in 1st cycle is not capable of determining
the true status of the Jump Real latch. 1In these cases, 1ISET will set
JUMP REAL on unconditionally. Later, when the EBOX has determined the

true state of the jump, CLR JREAL is used to clear the Jump Real latch
if needed. (dest CFL)

2.4.3.4 DIAG CLK ACT SCA (SCAH) -

Diagnostic clock to the EBOX2 scan path, (dest CRAI)

2.4.3.5 DIS PAGE FAIL (source SCAH) -

SPFN reg bit gating of page fail 1interrupt during EBOX memory
references. (dest CRAF)

2.4.3.6 DISP 89, NASW=27 (i (SCAK) -

?8NX microcode dispatch to next address. Function of Y REG #8, @6:17
€ or = to zero. (dest CRAG)

2.4.3.7 EBOUX NO JUMP (source SCAB) -
For FLAG FLD decode 14, is an indication that none of the flags CRYZ,

0V, CRY1, or FOV were cleared. It goes via CFL to IDLI where the JUMP
REAL latch is reset. (dest CFL)

2.4.3.8 ECL BROADCAST (source SCAH) -

I0 Kegister bit 31 loaded by SPFN LDIO, to IO PORTS. See EBOX
MICROCODE CONTROL SPECIFICATICN under "SSP FUNCTION, LD 1ID0° (dest 10P)
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2.4.3.9 ECL CTRL #:1 ENC (source SCAH) -
Y0 Register bits 28:29 loaded by SPFN LDID, to I0 PORTS. See EBOX

MICROCODE CONTROL SPECIFICATION wunder <SP FUNCTION, LD I0°. (dest
10P)

2.4.3.1¢ ECL S SEL #:3 (source SCAH) -
10 Register bits 32:35 loaded by SPFN LDIO, to I0 PURTS. See EBODX

MICROCODE CONTROL SPECIFICATION wunder ™"sSP FUNCTION, LD IO, (dest
10P)

2.4.3.11 EN ADR BREAK (source SCAH) -

Signal from EB0X to MBOX to enable the address break feature during
memory references. (dest MBOX)

2e4e3.12 EoTEP ACT OUT 5CA (source 5¢CA8) -

Diagnostic scan path serial output from SCA. (dest SHLC)

2.4.3.13 EXTEND INSN (source SCAH) -

SPFN indication to microcode next address bit 2, causing entry 1into
microcode address space reserved for the extended instruction set,
(dest ESES5)

2.4,3,14 FLAGS TO # FLD (source SCAE) -

Decode of flags field returned to ESE from SCA to cause the SCA flags
MUX to be selected into the next microcycle®s number field. See EBOX
MICRDCOUE CONTROL SPECIFICATION under *FLAG CONTROL®. (dest ESEI)

2.4.3.15 FLAGS #¢:17, 2P (source SCAF) -

OJutput of FLAGS MUX from SCA to the next microcycle®s number field.
See EROX MICROCODF CONTROL SPECIFTCATION under °FLAG CDNTROUL”". (dest
ESEE)
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2.4.3.16 FORCE PHY (source SCAH) -

Signal indicating that concurrent EBOX references to memory are
represented by a physical address on the VMA., {(dest CAMI)

2.4.3.17 INT TRAP ON (source SCAA) -

when turned off, prevents 1interrupts from occurring to the EBOX
microcode. (dest CRAF)

2.4.3.18 INTERNAL SCA ERR (source SCAB) -
Tndicates that an SC ALU or data path error has occurred at SCA; will

cause an FRYU code to be stored at MID, and a holdoff to EBROX and IBDX
clocks. (dest MID2)

2.4.3.19 INTERRUPT REQ (source SCAA) -

Interrupt to the EBUX microcode from Software PI, I0 PORTS, the APR
system, or Timerse. (dest CRAF)

2.4.3.28 INTR DIS #:2 (source SCAA) -

The level of the current INTERRUPT REQ from Software PI, IO PORTS, the
APR system, or Timers. (dest CRAG)

2.4.3.21 J MUX > 44 (source SCA3) -

Branch bit (dispatch) to EBOX next address indicating that J MUX
contains a value greater that the shift capability of the Shift Matrix
at SHL, SHR. (dest CKAG)

2e4.3.22 MAC MUX 1:3 (source SCAH) -

AC block selection if MAS AC ADR 2 is off. MAC MUX 1:3 1is selected
from #FLO 11:13, current AC block, or previous AC block, If MAS AC
ADR @ ¢ is on, 128 scratch pad locations are accessible by sFLD 18:17.
{dest SHRF,SHLF) SHLF)
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2.4.3.23 MAGIC NUM 14:17 (source SCAZ) -

# FIELD bits used to increment the (OP2 AC Address by required offset,
See EBOX MICROCODE CONTROL SPECIFICATION under ¥R CTRL”. (dest CFL)

2.4.3.24 MAS AC ADR 2 (source SCAH) -

I1f UW 36 °sel BFLD” is on, #FLD 12 is gated to MAS AC ADR 9, the
hi-order bit of the master AC address.(dest SHRF, SHLF)

2.4.3.25 MASK TO 44 (source SCA9) -
Branch bit (dispatch) to EBOX microcode next address indicating that
the current S BUS value was forced to 44 (shift of 36 positions) due

to its selected Input, SC REG or SC ALU, having a value greater that
44, (dest CRAG)

2e403.206 PCUJUSEKRK 10 FLAG (source >CAL) -
PCU/USER ID FLAG goes to CRA for next address branching: to MID for

control of previous context memory access and determination of VMA £5.
(dest CrAI, MIDC)

2.4.3.27 RESET FROM CPU (source SCAH) -

I0 REG bit 3¢ loaded by SPFN LDPI to ID PORTS. See EBOX MICROCODE
CONTROL SPECIFICATION under °SP FUNCTION, LDPI°. (dest I0P)

2.4:3.28 S BUS ﬂ:s (Source SCAg) -

The value indicating the number of positions the shift wmatrix 1is to
shift the X,Y REG doubleword to the left. (dest SHR3, SHL3)

204.3.29 SC REG OVFL (Source SCAS) -

Input to EBGX microcode next address branch (dispatch) indicating
carry out of 5it £7 of the SC ALY, latched into the SC kEG. (dest
CRAG)
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2.4.3.38 SC REG 22,282,832 (source SCA9) -

SC REG bits to ERUX microcode next address branch dispatch. {dest
CRAG)

2+4.3.31 SC REG = & (source SCA9) -

H

Contents of SC REG g, to EBOX next address dispatch. (dest CRAG)

]

24.3.32 SCAD ALU 4 (source SCAB8) -

Contents of SC ALU #, to EBUX next address dispatch. (dest CRAG)

t

2.4.3.33 SCAD 83:11, P (source SCAB) -

Path for merging hi-order bits into the data path wvia the D MUX,
usually used to merge floating point exponents.(dest SHLH)

2.4.3.34 TRAP 172 253 (source SCAG) -

TRAP1 FLAG or TRAP2 FLAG was set during the previous instruction; an
interrupt request to EROX microcode at 1st cycle. {(dest CRAF)

2+4.3.35 USER FLAG (source SCAG) -

USER FLAG to EBOX next address dispatch at CRA, and to previous
context memory access selection and VYMA 45 at MID. (dest CRAI, MIDC)

2.4.3.36 WR BK 9:3 (source SCAH) -

Timing: must be valid T8+3.8 to td+8.5 /LU Hi-order 4 bits of address
to AC BACKUP RAMs. The AC BACKUP is a copy of the 256 word Master AC
set and scratch pad at SHL and SHR. It is used by the console during
hardware retry to recover data in the event of a MAC parity error.
(dest MVEF)
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2.4.3.37 Y REG 22:85=8, 14:17=8 (source SCAK) -

fROX microcode next address branch inputs indicating the status of Y
REG bits. (dest CRAG)

2.4.3.38 1MSEC REQ (source SCAB) -

1 milli-second interval interrupt to EBOX wmicrocode requesting that
the Time Base Counter be read and then cleared. (dest CRAF)
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2.5 ESE,CRA MODULES (CPU BACKPANEL SLOTS 8,2)
2.5.1 ESE,CRA Functionality

EBOX control storage is located on the ESE and CRA modules. It
contains 3¥ bits of fast and 185 bits of slow storage, plus the
necessary output decodes and branching controls to operate the FEBOX
data paths and initiate operations at IBOX, MBJIX, and FPA.

2.5.1.1 Ram Arrays - Two RAM arrays are present in EBOX control
storage: a slow 4K deep array capable of cycling in 44ns, and a fast
512 word array which develops a short microword for <control of the
first cycle of each instruction. Each array is divided into 3
sections, early, intermediate, and late. Early control bits come from
a section in the array that 1is directly powered by either the
instruction code <fast RAMs in first cycle> or by a mux which selects
instruction code or NA BUS <Kslow RAMs for second and subsequent
cycles, respectively>. All early control bits are clocked at CLK 3.
Intermediate control bits come from a section of the array that is
skewed, at the address inputs and at the latched data outputs, 5 to 14
ns later than the early section. All intermediate control bits are
clocked at either CL¥ 1 or CLK 2, depending upon tpe timing of the
logic to be controlled. Late control bits come from a section which
is further skewed by 5 to 18ns. All late control bits are clocked at
either CLX 3 or CLK 2, depending tne tiwming of the logic to be
controlled.

The early, intermediate, and late control bits are deskewed into the
CTL latches, which serve the dual purpose of holding that module’s
portion of the microword for parity checking, and providing a scan
path input to the arrays for initial control storage load.

All 185 bits are addressable by instruction code for second cycle
operation and next address path for third and subsequent cycle
operation. Only 38 bits of fast RAM are used for first cycle
operation, primarily to control the MOVE/ALU path and the store and
flag setting controls for one cycle instructions. The control bits
which do not have fast &AMs allocated default to zero in the first
cycle. Control hits usable in the first cycle are:
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g:3 ALU

435 CARRY CONTROL
7 IP1

8 LAST CYCLE
9312 S

13316 R

17:18 coMP

19:21 STORE CONTROL
22 P ESE

23 L

24 MARK

25226 SP FUNCTION
29:38 FLAG

33 ¥R

25142 Next Address Generation - The NA BUS »its #:11 are generated
at the CRA module. The value of this bus is determined by the control
bits of the Next Address Field and the NA SWITCH. The NA BUS
addresses the slow array for control word readouts starting with the
third cycle of an instructione.

25413 Traps - The TRAP mechanism causes the microcode to 1land 1in
one ot eight addresses 431X if any of the follo4ing conditions (listad
by priority) occurs: priority condition trap address &#(highest) hdur
error 4419 1 console.LC 4411 2 PI interrupt 4912 3 page fail.LC 4413 4
1MS trap.LC 4814 S unused 4915 6 trapl or trap2.last cycle 4216 7 IBOX
trap.last cycle 4417

2.5.2 Error Control

Correct parity is stored into the ESE and CRA RAM arrays upon control
storage loading from the console. As the microwords are read out, the
portion of the word contained on each module is checked for odd parity
(the early and intermediate CTL bits are relatched into registers
clocked at the same time as the late CTL bits, so that the entire
portion may be checked). If a parity check occurs, the CTL bits of
that module are held, along with the NA DLY 1latch, which represents
the address of the failing word (if the failure occured in third or
subsequent cycle). If a parity error occurs in the first or second
cycle, the console may read the instruction code of the failing
instruction by stepping back the SEL 1 in the IB80X. The 34 fast RAMs
are parity checked along Wwith zeros (for unused positions) in the
first cycle, A parity error detect will set ESE MICRO- CODE ERR or
CkA MICROCODE ERR latches at CLK 2 tollowing the late CLK 4 readout of
a microcycle. Tnese error latches will signal the error control logic
at MID to stop IBOX, €BJX, and FPA system clocks starting with CLK 3,
3¢ns iater.
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System reset will reset all PC flags and STATE REG bits to 4d. Error
reset will reset ESE and CRA MICROCODE ERR latches.

253 Interface: Inputs To ESE, CRA Modules
2.5+3.1 AC FLD N=8+1 (source INX1) -

An equal compare of bits 99:12 (AC field) of the next instruction to
begin execution at the EBOX and the AC uwrite address of the current
instruction. According to L MUX control from EBOX microcode, AC FLD
N=N+1 if active will allow selection of either F or RF MUXes into the
¥l MUX for 1st cycle operation. If inactive, ¥ MUX is selected 1into
the Y1 MUX during lst cycle. (dest ESEK)

2503.2 AC REF TO ESE (Soutce CFL) -

Indicates that the address on the VMA is an AC address as opposed to a
memory address. True if an instruction address and v™MA 18:31 = ¢, if
an 180X local fetch and yMA 18:31 = &, or if VYMA @6:16 and 18:31 = 4.
At ESE gates tne Write to AC sets tor a write memory (which 1s AC
REF), and enables N+1 forwarding compare at CfL. (dest ESEJ)

205.3'3 AC?-Q (Soutce CRAI) -

AC field of the EBOX instruction is zero. Causes block of write to AC
if STOURE FIELD 3. Also will block N+#1 forwarding compare at CFL for
STORE FIELD 3. See EBOX MICROUOCODE CONTROL SPECIFICATION under “STORE
CONTROL®. (dest ESEJ)

2.5+.3.4 ALLDW RETRY (source SCAH) =~

SPFN REG bit which, if off, indicates to the console, following a
hardware error, that the instruction in execution had entered a region
of microcode which precluded instruction retry. Allouw retry is set on
at Clock 3 of Last Cycle. (dest CRAG, INXC)

2.5.3.5 BLOCK STEP (source S5CAH) -

Sigqnal to the IBOX which will pravent the loading of a new SELI upon
the occurance of the next Last Cyclie, causing EBUX to remain in the
current SELI. This allows instruction execution microcode at ES0X to
be entered at the start of an instruction following the handling of
setup due to page faii traps, the “execute” instruction, etc, (dest
CRAF, CFL)
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2.5+3.6 CARRY 0OUT (source MVLS) -

Carry out of bit # of the main ALU, is clocked by a delayed <clock 2.
Carry out goes to CRA as a Next Address dispatch input, and is then
sent from CRAlI to SCAE under the name of CRY OUT as an input to PC
FLAGS CRY? and CRYl. It is also latched by the following clock 1 at

CRAI and sent to SHRJ under the name of CARRY DJUT OF ALU as an L2MQ
REG input. (dest CRAG, CRAI)

2.5+3.7 DIAG CLK ACT MVR (source MVRM) -
This clocked is issued under diagnostic control to shift or parallel

load the EBUX1 active scan path. (from MVL, dest=MVRM, from MVR,
dest=ESEI)

2.543.8 DIAG CLK ACT SCA (SCAH) -

Diagnostic clock to the EBOX2 active scan path., (dest CRAI)

25.3.9 DIAG CLK PAS 12 (source IDRM) -

Diagnostic clock for the C°PU passive scan path.(dest CRAR)

2.5.3.12 DIAG CLK UW ADR (source CRAA) =-

Console strobed clock to propagate the RETURN ADDRESS on CRA to the
next address paths of CRA and ESE. (dest ESEK)

2.5.3.11 DIAG CMD ENABLE (source CLK&) -

Console-initiated strobe to the passive scan controls at CRA. (dest
CRAA)

2.5.3.12 DIAG SH ACTIVE EBROUX (source CLKG) -

¥hen this signal is high, the scan path is in serial shift mode; when
low, the scan path is in parallel load mode. (dest SCAH, CRAH, SHLwM,
SHRM, MVLF, MYRF, ESEI)
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2¢53.13 DIAG SH PAS A (source IDRM) -
When high, the passive scan paths of the CPU are in serial shift mode.

when low, the passive scan paths are in parallel load mode. (dest
CRAA, IDR#, MID1)

2.5.3.14 DIS PAGE FAIL (source SCAH) -

SPFN reg bit gating of page fail interrupt during EBOX memory
references., (dest CRAF)

2.5.3.15 DISP €9, NASW=27 (i (SCAK) -

EBOX microcode dispatch to next address. Function of Y REG 98, @86:17
€ or = to zero. (dest CRAG)

2+5¢3.16 F PF (source MID3) -

Page fail indication for EBOX memory references, {dest CRAG)

2.5.3.17 FEA BUF 06-17=8 (source CFL) -

Rits #6317 = zero of the EA RUF addressed by tne current EBROX SFLI.
Used as a branch input to EBOX microcode next address.{(dest CRAG)

2.5.3.18 EARLY DCD 24, 082, 24, 95, 26 (source 1ISQ) -
Information decoded off the instruction code at instruction fetch time

by the IBDX, is addressed by the EBOX SELI during EROX execution, and
used as branch inputs to the EBUOX microcode next address. (dest CRAG)

253,19 E83Xx AC 49:12 {(source CFL) -~

The AC field of the instruction currently in execution by the EBOX.
(dest SCAH, MIDC, CRAG)
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2.5.3.2¢ EBOX EACALC (source CFL) -

Causes an IB0OX trap to the EROX microcode in the 1lst cycle of a new
EE0X instruction. Also is used as a branch input to EBJX microcode,
indicating that the IBOX was unable to perform the correct effective
address calculatione. (dast CRAG)

2.5.3.21 EBOX STEP A (source CFL Via CTRAI) -

EBOX STEP from the IBUX indicates to the EBOX that the 1st <cycle in
progress 1is a valid operation, that all information needed to begin
execution of the instruction was prefetched and presented properly to
the EBOX by the IBDX. At CRAH it is used to gate the clock of the
GLOBAL and PC SECT = ¢ indicators. At SCAJ it is used to gate the
update of the FLAG HISTORY BUFF address. (dest SCAJ)

2.503.22 EBOX1 ACT DATA IN (source CLKG) -

Serial data input from the console to the EBOX1 active scan path,
(vest kSkw)

2.5.3.23 EBOX2 ACT DATA IN (source CLKGC) -

Serial data input from the console to the FBOX2 active scan path.
{(dest CRAI)

2.5.3.24 ESF1 INSN CODE @:8, P@€-8 (source ESEl) -

Instruction code of the next instruction to be executed in the EBOX.
During last cycle it addresses the ESE fast rams for access of the 1st
cycle’s microword. Also during last cycle it is latched and held at
CRA for access of the 2nd microcycle”s control word. (dest CRAl)

2.5.3.25 EXTEND INSN (source SCAH) -

SPFN indication to microcode next address bit 2, causing entry into
microcode address space reserved for the extended instruction set,
(dest ESES)
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2.5.3.26 F BUS o08,-01,02,23,97,08,18,11,12 (source MYE8,9) -

F PUS is the 38 bit result of the main ALU. It 1is clocked at a
delayed phase 2. Some of the F BUS high-order bits are sent to CRA as
Next Address dispatch inputs. F BUS -41 and F BUS -2 are latched at
CRAI with a Clock 1 and sent to SHLH D MUX inputs as F REG -@1 and F
REG -22, F RUS #¢ and F BUS -1 ars sent to SCAE for generation of
the overflow indication. (dest CRAI, CRAG, SCAE)

2.543.27 FLAGS TO § FLD (source SCAE) -~

Decode of flags field returned to ESE from SCA to cause the SCA flags
MUX to be selected into the next microcycle®s number field. See EBOX
MICKOCODE CONTROL SPECIFICATION under °“FLAG CONTROL’. (dest ESEI)

25¢3.28 FLAGS #2:17, 2P (source SCAF) -

Output of FLAGS MUX from SCA to the next microcycle®s number field.
See EBQOX MICROCODE CONTROL SPECIFICATION under °“FLAG CONTROL®. (dest
ESER)

2.5.3.29 FOJORCE 1ST TO CRA, ESE (source IuXG) -

Signal from IBOX that indicates that the IBOX has not completed the
prefetch of information necessary for the EBOX to execute the
instruction. Causes ESE and CRA to hold in 1st cycle, while blocking
destructive stores that may be issuing from the EBOX control store,
(dest CRAH, ESEK)

2.5.3.32 FPA RESPONSE (source FPA) -

Input to EBOX microcode next address branch from FPA.(dest CRAG)

2.5.3.31 GLOBAL A (source CFfL) =

This indicator is set by the initial EACALC that the IB0OX performs on
an instruction. It may be changed under microcode control between the
time of the 1st EACALC and EROX execution. It is selected into the
GLOBAL signal to MYL for operation in carry control logic of the main
ALU., See EBOX MICROCODE CONTROL SPECIFICATION under “CARRY CONTROL-,
(dest CRAH)
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2.5.3.32 HOFF UW CLOCKS (source FPA) -

A signal from the FPA which causes the EBOX microcode to hold in a
given microcycle, for use in synchronizing the FPA result on the A BUS
to the EBOX acceptance of it. (dest ESEI)

2.5.3.33 HOLDOFF Uw CLOCKS (source ESEI) -

A signal from the FPA which causes the EBOX microcode to hold in a
given microcycle, for use in synchronizing the FPA result on the A BUS
to the EBOX acceptance of it. (dest CRAH)

2.5.3‘34 I;0P210P3 PF (SOUICQ ﬁID3) -

A trap to the EBOX microcode at 1st cycle, and branch 1input to EBOX
microcode next address, indicating that a page fail has occurred on an
IBOX prefetch of instruction or data for the current SELI. (dest
CRAG)

2.543.35 [IBOX RESPONSE (source ISQ) -

Aranch input to FBOX next address, from 1I8NX microcode special
function. (dest CRAG)

245+3.36 INDIRECT (source MID2) -

A trap to EBOX microcode at 1st cycle, and a subsequent branch input
to EBOX microcode next address, indicating that the instruction’s
indirect bit (13) is on. (dest CRAG)

Instruction code of the next instruction to be executed in the EBOX.
During last cycle it addresses the ESE fast raas for access of the 1st
cycle”’s microworde. Also during last cycle it is latched and held at
CRA for access of the 2nd microcycle®s control word., (dest ESEl)

245+3.38 INT EBOX (source CRAK) -

Active when an EPOX trap is in progress, while the trap address 1is
being gatad to the ES80X microcode address. 1Its purpose is to block
any destructive stores trom ESE or SCA until the trap handling routine
is fully entered. (dest ESEX)
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2.5+3.39 INT TRAP ON (source SCAA) -

When turned off, prevents interrupts from occurring to the EBDX
microcode. (dest CRAF)

2.5.3.4¢ INTERRUPT REQ (source SCAA) -

Interrupt to the EB30X microcode from Software PI, I0 ©PORTS, the APR
system, or Timers. {(dest CRAF)

2.5.3.41 INTER Uw 78 (source CRAC) -

(dest ESEK)

25.3.42 INTR DIS 7:2 (source SCAA) -

The level of the current INTERRUPT REQ from Software PI, IO PORTS, the
APR system, or [lmers, (uest CRAu)

2;5.3.43 IC} BUSV -

265.3.44 J MUX > 44 (Source SCA3) -

Branch bit (dispatch) to EROX next address 1indicating that J MUX
contains a value greater that the shift capability of the Shift Matrix
at SHL, SHR. {(dest CRAG)

2.5.3.45 L EARLY EVEHW -

2.5+.3.46 LAST CY TU CRA -
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25.3.48 MASK TD 44 (source SCA9) -

Branch bit (dispatch) to EBOX microcode next address indicating that
the current S BUS value was forced to 44 (shift of 36 positions) due
to its selected input, S5C REG or SC ALU, having a value greater that
44, (dest CRAG)

2.503'49 HGRANT TD EBUX -

2:5.3053 NEXT ADR ﬂB:ll,P -

2¢53.51 O0OP2 AC N=N+1 -

253,52 0P2 GLB -

2¢5¢3.53 DP2=AC' OP2=AC A -

29503;54 PAS DATA IN -

2¢5.3.55 PC SECT=ZERO -

2.5.3.56 PCU/USER I0 FLAG (source SCAG) -

PCU/JUSER I0 FLAG goes to CRA for next address branching: to MID for
control of previous context memory access and Jdetermination of VMA 35.
{dest CkAI, MIDC)

2'593057 PHASE 3:3 TU CRA -
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2.503.59 PREV EN -

2.5.3.60 RESET CRA ERROR (source CLK&) -

Console controlled clear of error latches on CRA and SCA modules.
(dest SCAZ2, CRA7)

205.3.61 RESET ESE -

2.5+3.62 RESET ESE ERROR =

2.543.63 SC REG OVFL (source SCA5) -
Input to EBDX microcode next address branch (dispatch) indicating

carry out of bit @7 of the SC ALU, latched into the SC RFEG. {(dest
CRAG)

2.5.3.64 5S5C RFG 43,222,333 (source SCA9) -

SC REG bits to EBUOX microcode next address branch dispatch. (dest
CRAG)

2.5.3.65 SC REG = @ (source SCA9) -

Contents of SC REG

£, to EBOX next address dispatch. (dest CRAG)

2¢5.3.66 SCAD ALU

¥ (source SCAB) -

Contents of SC ALU i, to EBOX next address dispatch. (dest CRAG)

]

20543467 SELECT SLUW Ud -
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2.5.3.70 TRAP 1/2 REQ (source SCAG) -

TRAP1 FLAG or TRAP2 FLAG was set during the previous instruction; an
interrupt request to EB0X microcode at 1st cycle. (dest CRAF)

2.5.3.71 USER FLAG (source SCAG) -

USER FLAG to EBOX next address dispatch at CRA, and to previous
context memory access selection and VYMA €5 at MID. (dest CRAI, MIDC)

2'503:72 UH @7 Iﬁ -

?050‘!073 %RITG_ Tw -

2¢5.3.74 X REG 18, 28B:35 (source SHR6) -

X Register bits from SHR. Bit 18 is used as a dispatch to CRA next
address, as an input to the J MUX at SCA3, and as an input to the
Shift Matrix at SHL. Rits 28235 are used as inputs to the J MUX at
SCA3, and the Shift Matrix at SHL. (dest CRAG, SCAl, SHL4)

2.5-3:75 x REG gg -

24543.77 X1=X MUX -
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2¢5.3.78 Y REG #8217 (source SHL6) -
Y Register bits from SHL. Bits #:3,13 are used as dispatches to the
CkA next address; bits P#9:17 are used as inputs to the Shift Matrix

at SHR, and as inputs to K MUX and flags at SCA. (dest CRAG, CRAH,
SHR4, SCAl)

2¢543.79 Y PEG 82:95=0, 14:17=8 (source SCAK) -

FEBOX microcode next address branch inputs indicating the status of Y
REG bits., (dest CRAG)

205.3.8@ 9@’98, 99-17, 18"26, 27"35 EQUAL (Source HVE?’!) -
The compare result of ¥ BUS to -1, +1, or @ according to the setting

of the EBOX microcode COMP field. These signals go to CRA as Next
Address dispatch inputs. (dest CRAI)

2.5.3.81 1MS&EC REQ (source SCAB) -

1 milli-secona interval interrupt to ERUX microcode requesting that
the Time Base Counter be read and then cleared. (dest CRAF)

2.5.4 Interface: Outputs From ESE, CRA Modules

2050401 AﬂURT FPA -

2¢5.,4.2 AC=8 (source CRAI) -

AC field of the EBOX instruction is zero. Causes block of write to AC
if STORE FIELD 3. Also will block N+l forwarding compare at CFL for
STORE FIELD 3. See EBDX MICROCODE CONTROL SPECIFICATION under °“STORE
CONTROL". (dest ESEJ)

2.5.4.3 ALU 92-17 = 8 (source CRAI) -

Signal which is the “and”® at CRA of F 8US @0:48 = zero and ¥ RUS 40317
= zero; causes the set of TRAP 2 flag if FLAG field decode 14, (dest
SCAG)
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2.5.4.4 ALU 233 UW 29:93 (source ESEB, ESEC) -

Timing: CLK 7 gated by previous machine c¢ycle = 0DD CYCLE. ALU
control field from EBNX wmicrocode. See EBOX MICROCDDE CONTROL
SPRCIFICATIUN under ALU. (dest MVEL, MVEM)

2.5.4.5 BLUCK STEP A -

2.5.4.6 CARRY OUT OF ALU (source CRAI) -

Latched at clock 1 on CRA, is the carry out of bit ¥ of the previous
cycle”s main ALU operation at MVL/MVR. At SHRI it is used as an input
to the L2MQ register, and will be snhifted into L2MG REG 35 at the
following phase 3 if an L2MQ shift left of 1 is specified by the D
FIELD of the EROX aicrocode.

2.5.4.7 CC @:2 "y #4306 (source ESER,C) -
Timing: CLK ¢ gated by previous machine cycle = UDD CYCLE. Ccarry
Control field from EBOX microcode, determining the mode of operation

of cacrry into bit 17 and carry into bit 25 of the main ALU. See EEOJX
MICKOCODE CTONTROL SPECIFICATION under CARRY CONTROL. (dest MVEI)

2.5.4.8 CMPR TO 7S Us 17, CMPR TO 1 UW 18 (source ESED) -

Timing: CLK 1 gated by previous machine cycle = 0DD CYCLE. Comp
field from EBUX microcode, wused for compare to zero, minus one, or
plus one, of the result of a masking operation of SEL OP1 and SEL 0OP2.
See EB0OX MICROCODE CONTROL SPECIFICATION under COMP. {(dest MVEM)

20504¢9 CRA ERR -

2.5.4.18 CkY OUT -

2,5.4,11 CTRL ENC VALID ECL -
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2.5.4.12 D P22 Ux 188:192 (source CRAC) -

Controls shifting/hold of L2M@ and D MUX input selection. See FEBOX
MICROCODE CONTROL SPECIFICATION under D FIELD. (dest SHLJ, SHRJ)

2.5.4.13 DIAG ACT OUT CRA (source CRA7) -

Serial output of EBOXZ diagnostic scan path from CRA. (dest SCA9)

2.5.4.14 DIAG ACT DUT ESE (source For MVR=ESEJ) -

Serial data input for the MVL,MVR portions of the EBOX1 active scan
path, (dest MVLF, MyRf§)

25.,4.15 DIAG CLK UW ADR (source CRAA) -

Console strobed clock to propagate the RETURN ADDRESS on CRA to the
next address paths of CkA and ESEe.e (dast ESEn)

2+.5.4.1t DIAG PAS DATA CRA -

2.5.4.17 EBOX REQ TO MEM -

2'5'4018 EBUX RESP -

2.5.4.19 EBOX RESP FPA -

2.5.4.2¢ EBOX STEP B (source CFL Via CRALl) -

EBOX STEP from the IBOX indicates to the EBOX that the 1st cycle |in
progress 1is a valid operation, that all intormation needed to begin
execution of the instruction was prefetched and presented properly to
the ERCX by the I30DX. At CRAH it is used to gate the clock of the
GLOBAL and PC SECT = ¢ indicators. At SCAJ it is used to gate the
update of the FLAG HISTURY BUFF address. (dest SCAJ)
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2¢5.4.21 EN AC WRITE A,B (source ESEJ) =-
Write control for the current AC sets at SHL and SHR., #hen active, a

write to the ACs will occur in the following cycle. {dest SHLB,
SHRS8)

2¢5.4.22 EN MAS AC (source ESEJ) -
Write control for ths Master AC sets at SHL and SHR. When

active, a write to the Master ACs will occur in the following
cycle., (dest SHLD, SHRD)

2.5.4.23 FSF1 INSN CUDE £:8, Pé-8 (source ESE1l) -
Instruction code of the naxt instruction to be executed in the EBDOX.
puring last cycle it addresses the ESE fast rams for access of the 1lst

cycle”s microword. Also during last cycle it is latched and held at
CRA for access of the 2nd microcycle”s control word. (dest CRAl)

2.504024 F REG °1' ‘2 -

2.5.4.25 FE 921 UW 68269 (source CRA7T) -

Control clocking of the FE MUX. Sees EBOX MICROCODE CONTROL
SPECIFICATION under FE FIELD. (dest SCA7)

2.5.4.26 FE CTL (source ESED) -

Controls clocking of the FE MUX at SCA6; from EBUX ucode bit 17. FE
will clock in EVEN CYCLE if bit 17 on, in DODD CcYCLE if bit 17 off.
See EBUX MICROCODE CONTRIOL SPECIFICATION under °“COMP”. {dest SCA7)

2+5.4.27 FLAG #:3 U¥ 29332 (source ESED, CRAD) -

The FLAG field determines the update of flags and counters resident on
SCA. see FBDOX MICRUCODE CONTROL SPECIFICATION under “FLAG CONTROL-.
{(dest SCAE)
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2.5.4.28 FORCE ALU ERR (source CRAA) -

This signal i{s strobed on by diagnostic controls at CRA. MVL and MYk
ALU err latches will be set by turning FORCE ALU ERR on and leaving it
on while causing CLK 1 GATED A (MVLM, MVRM) t0 occur. (dest MVLL,
MVRL)

2+5.4429 FORCE 15T TO SCA (source CFL Via CRAH) -

Force 1st will prevent the update of flags on SCA, and control the the
setting of O0ODD and EVEN CYCLE 1latches at £SE and CRA. Force 1st
indicates that the instruction is not valid, that the 1IB0OX not vyet
completed the »prefetch of information necessary for the EBOX to
execute the current instruction. (dest SCA7)

2.5.4.3% GLOBAL (source CRAH) -
Under CARRY CONTROL, GLORAL may be used to determine whether The main

ALU will De in 36 or 18 bit mode. 1If GLOBAL is on, it may be selected
to 1nnioit a carry 1nto dbit 17 of tane ALU. (dest MyLL)

2.5.4.31 HOLDOFF Uwx CLAOCKS (source F£SEI) -
A signal from the FPA which causes the EBOX microcode to hold in a

given microcycle, for use in synchronizing the FPA result on the A BUS
to the EBUX acceptance of it. (dest CRAH)

2.5.4,32 1INT EBOX (source CRAK) =~
Active when an g£BOXY trap is in progress, while the trap address 1is
being gated to the EBJX microcode address. Its purpose is to block

any destructive stores from ESE or SCA until the trap handling toutine
is fully entered. (dest ESEK)

2:504.33 IHTER U“ 78 -

2.5.4.34 7 222 Us 71373 (source CRAC) -

EBOX microcode control of the J MUX selects. See EBJX MICRUCODE
CONTROL SPECIFICATION under °J FIELD". (dest SCA3)
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2e5.4.35 KX P22 U# 74:76 (source CRAC) -

FROX microcode control of the K MUX selects. See EBOX MICROCODE
CONTROL SPECIFICATION under °K FIELD®. (dest SCA4)

2.5.4.36 [ EARLY B {(source CRA7) =~

Gates the clocking of F BUS and RF BUS latches. 1In a 44ns microcycle,
under L EARLY EVEN and L EARLY ODD control from EBOX microcode, F and
RF may be clocked in the even cycle (first half), odd cycle (second
half), or both even cycle and odd cycle.

2.5.4.37 L FARLY EVEN -

2.5.4.38 L[ EARLY ON (source CRA7) -

Gates the clocking of the FLAGS under the control of the FLAG FIELD.
L EARLY ON wiil enavle flags at SCAe 4dnd 5CAU to set at clocKk 2 ofi the
next machine cycle. (dest SCAR)

2.5.4.39 L EARLY ON A,B (source CRA7) -

Controls the clocking of Z MUX, X REG, and Y REG on SHL and SHR. it
the source for 2 MUX is the shift matrix, L EARLY on will block the
clocking of Z at clock 3 of the next machine cycle. If the source for
Z MUX 1is the MAC set, L EARLY has no effect on the clocking of Z.
Step AC Adr Dlyd 2, Last Cycle, or “not® L EARLY ON enables the
clocking of X and Y REGS.(dest SHLH, SHRH)

2.504.4% L UH 23 (SDU[’CB ESED) -

Controls tne selection of RF B8US or F BUS through the L MUX. See EBOX
MICROCODE CONTROL SPECIFICATION under L. (dest MVEL)

2.5.4.41 LAST CY T0 CRA =~
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2.5+.4.43 LAST CYCLE A (source ESEK) -

From EBUX microcode LAST CYCLE control, causes ODD CYCLE at SCA to
synchronize with 0DD CYCLE at ESF and CRA. {(dest SCA7)

2.5.4.44 LAST CYCLE T1 C,D (source CRAI) -

Last cycle control from maicrocode causes clocking of Y AC read address
for the next instruction. (dest SHRF,SHLF)

2.5.4.45 LD PXCT -

2.5.4.46 LD SPFN REG (source CRAF) -

Control to load the SPFN REG from the # FIELD. The SPFN REG 1is
cleared at CLK 3 ot Last Cycle. LD SPFN REG also gates # FIELD t-o
enable other special functions not containad in the SPFN REG, such as
FORCE PHYSICAL, See FEBOX MICROCOD® CONTROL SPECIFICATION under
*SPFN”, (dest SCAH)

2504447 LSW 831 Uw P9:18 (source ESEB, ESEC) -
Control the selection of bits #9:17 and associated parity of the Si

MUX (also called PASS 0OP). See EBOX MICROCODE CONTROL SPECIFICATION
under SW/ X REG RD. (dest MVE1-S)

2.5.4.48 MAC TO Z REG (source CRAF) -
EBDX microcode SPFN 3 causes selection of the shift matrix to the 2

MUX via “not” MAC TO Z REG. At all other times MAC is selected to Z.
(dest SHR3, SHL3)

2.5.4.49 MARK SYNC TP -
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2.5.4.58 M@ UW 183 (source CRAD) -

Controls the mode of operation of the L2MQ PREG. If off, the L2MQ
performs a parallel load with data from the L1 REG. If on, the L2MQ
shifts per U MUX control (if the D MUX performs a non shift operation,
the L2MQ holds it”s value.(dest SHRJ, SHLJ)

25.4.52 0P1=15 (source CRAF) -

A signal resulting from an EBUX special function field micro-order,
causes a set of SF[, (0Pl data hits and a reset of SEL 0Pl parity bits.
It allows SEL OP2 to pass through to the COMP BUS and-gates for
compare to @, -1, or +1. See EBOX MICROCODE CONTROL SPECIFICATION
under SP FUNCTION. (dest MVE1l)

2e¢5.4e53 0Pl Uw 87 (source ESEb, BSEC) -

From EBOX microcode, controls selection into the SEL 0OP1 MUX of either
AF MUY direct or AF #AUX w«ith halfsords swapped. See E30X MICRGOCODE
CONTROL SPECIFICATION under 0OP1/WR REG FI. (dest MVE1l-4)

2.5.4.54 DP2=1S (source CRAF) -

A signal resulting from a EBOX special function field micro-order,
causes Aa set of SEL 0OP2 data bits and a reset of SEL 0OP2 parity bits.
It allows SEL OP1 to pass through to the COMP BUS and-gates for
compare to ¥, -1, or +1. See E80X MICROCODE CONTROL SPECIFICATION
under SP FUNCTION (dest MVEH)

2.5.4.55 PREV EN A (source ESEJ) -

Control to sslect the previous AC block number to address the MAC and
AMC backup. {(dest SCAH){(dest SCAH)

2.5.4.56 ? 233 U4 13:16 (source ESER, ESEC) -

fFrom BRUX microcode, controls the selection ot data inputs to the kK
MUX See FBOX MICROC)ODE CONTROL SPECIFICATION under R/ ¥ REG RD.
{(dest MyFb)
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2.54.57 RF U¥W 194 (source CRAD) -
From EPQOX microcode, controls selection of RF MUX to be R BUS if off,

or A BUS, if on. See EBOX MICROCODE CONTROL SPECIFICATION under RF.
(dest MVEL)

2.5.4.58 REG WR UW 27 (source ESEB,C) -
Controls the write of the X and ¥ PEG files in conjunction with L

FARLY. See EBOX MICROCODE CONTROL SPECIFICATION under 0OP1/WR REG
FILE. (dest SHR7,SHL7)

2.5.4.59 PRSW d:1 Uw 11212 (source ESER, ESEC) -
Control tne selection of bits 18:35 and assocliated parity of the SW

MUX (also <called PASS 0OP). See EBOX MICROCODE CONTROL SPECIFICATION
under SW/ X REG RD. (dest MVE1l-5)

2.5.406” SC CTL (Soutce ESSD) -
From COMP field bit 17. If Uw 17 is on, SC RzG will clock in EVEXN

CYCLE; if U4 17 is off SC REG will clock in 00D CYCLE. See EBDX
MICROCODE CONTROL SPECIFICATION under °COMP°. (dest SCA7)

2.5.4.61 SC 2:2 Uw 65267 (source CRAC) -
EBDX microcode control of the SC MUX selection and the clocking of the

SC REG. See EBOX MICROCODE CONTROL SPECIFICATION under °SC FIELD".
(dest SCA7)

2.5.4.62 SCU ALU Uw 77 (source CRAB) =~
EBOX microcode control which determines the mode of operation of the

SC ALU. If UK 77 is on SC ALU is in sudbtract mode; if Ux 77 is off
SC ALU is in add mode. (dest SCAT)

2.5.4.63 SEL AC ADR ALU -
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2.5.4.64 SE!L #FLD (i (source CRAE) -
From UWw bit 36, If on, cause selection of # FIELD 13:13 to the MAC
and MAC BACKUP hi-order 4 address bits from SCA. UW 36 on at SHR and

SHL will cause selection of # FIELD 14:17 to MAC and MAC BACKUP
lo-order 4 address bits. (dest SCAH)

2.5.4.65 SELECT SLUW UwW -

2¢5.4.66 SLOW RAM 64 -

2:5+4.67 SP FCN #:1 UW 25326 -

2.5.4.69 SPFN LD BLK (source CRAF) -

EBOX microcode S5PFN decode 2 to load the current and previous AC
blocks. Current from Y REG @32; Previous from Y REG 3:5. (dest
SCAH)

2.5+4.74 SPFN LD IO REG (source CRAF) -

EBOX microcode SPFN decode 6 to load ID REG with <control information
for the 10 PORTS. A strobe from CRA signals to the IDP that the I0
REGISTER signals are valid. See EBOX MICROCODE CONTROL SPECIFICATION
under °“SPFN”, (dest 10P)

25.4.71 SPFN LD PI (source CRAF) -

EBOX microcode SPFN decode 1 to 1load the PI system with control
infromation., See EBOX MICROCODE CONTROL SPECIFICATION under °SPFN-.
(dest SCAA)
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2.5.4.72 SPFN STEP ACCT -

25.4.73 STEP AC ADR (source ESEJ) =

Caused by STORE CONTROL field decode 7, this signal is used to step AC
addresses while a block of ACs is being loaded from the MAC sat to the
current AC set, (dest SHRJ, SHLJ)

2.5.4.74 STOP CLOCK -

2.5.4,77 Wk AC TU FwD -

25.4.78 WR 9323 UW 33:36 (source ESED, CRAE) -

Write address for the X and Y REG files, See EBOX MICRNOCODE CONTROL
SPECIFICATION UNDER “WR“.(dest SHRF, SHLF)

2.5.,4.79 WRITE BKUP (source ESEJ) -

Control signal caused by EBOX microcode STORE field «ill enable a
write of L REG data into the MAC backup RAMs., (dest MVEF)

2.5.4.80 WRITE MEM TO IBOX -

2.5.4.81 WRITE Ux -



EBDX Page 2-62

2.5.4.82 X 0:2 UW 41:43 (source CRAC) -

FBOX microcode control of the X MUX selects. See EROX MICROCODE
CONTROL SPECIFICATION under “X°. {dest SHR6,J, SHL6,J)

2.5.4.83 XRD #:3 Uk ¥9:12 (source ESEB,ESEC) -

Read address of the X RFfG file. See E30X MICROCODE CONTROL
SPECIFICATIUN under “SW/XRD*. (dest SHRA, SHLA)

2.5.4.84 X1 221 UW 37238 (source ESEK) -

Control field from EBDX microcode which determines the selection of
inputs to the X1 M{UX. See EBOX MICROCUDE CONTROL SPECIFICATION under
X1. (dest MYEl1-5)

2¢504.85 Y ¥:1 UW 44:45 (source CRAC) -

EBOX microcode control of the V¥ MUX selects. See EBUOX MICRODCODE
CONTROL SPECIFICATION under °Y°. (dest SHR9,SHL9)

2.5.4.86 VYRD #:3 Uw 13316 (source ESEB,ESEC) -

Read address of the Y REG file. See EB0X MICROCODE CDNTROL
SPECIFICATION under “R/YRD” .(dest SHRA, SHLA)

2.5.4.87 Y1 8:1 UW 39348 (source ESEK) -

Control field from EBUX microcode which determines the selection of
inputs to the Y1 and AF MUXes. See EBOX MICRDCDODE CONTROL
SPECIFICATIUON under Y1. (dest MVE 1-5,L)

2.5.4.88 # FLD 2#:17 Us 88297 (source ESEE) -

Input to J MUX, X #UX, flags on SCA. # FLD bits @2:13 go to MID,
latched by SPFN ICMD, as gualifiers for memory operations. # FLD bits
143217 go to ISQ as the 4 lo-order bits of the IPUT microcode address
of the 1st IPUT microword of an £BOX routine, See EBOX MICROCODE
CONTRJUL SPECIFICATIUN under °*y FLU® and “SPFN 1C#D”". (dest SCAZ2,
MIDB, 1ISGH)
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2.5.4,89 # FLD 28:17, 2P (source ESEE,ESEF) -

FBNX microcode input to the data path wvia the X MyX, See FROX
MICKOCODE CONTROL SPECIFICATION under "#°. (dest SHR6, SHLSG)
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2.6 EBOX MICROCODE CONTROL SPECIFICATION

The JUPITER EBOX control storage is comprised of 4K words of 146 »hits
and 512 Wwords of 38 bits each. The 512X3@ bit array overlays the
4KX146 array in such a way as to allow 39 active bits and 76 default
bits in 1st cycle, and 186 active bits in 2nd and successive cycles of
the instructione A wide word permits coding flexibility without
extending control storags depth. The fields are defined as follows:

UWORD BIT# FIELD FLD# CARD FAST RAM/SLOW RAM,TIMING
g:3 ALU 3:3 ESE F/S,E CLK 9
426 cC A22 ESE F/S,E CLK @
7 OP1/REG WR ESE F/S,E CLK @
8 LAST CYCLE ESE F/S,E TLK @
9112 SW/XRD 2:3 ESE F/S,1 CLK 1
13:16 R/YRD #:3 ESE F/S,T CLK 1
17:18 COMP g:1 ESE F/S,I CLX 1
19:21 STORE 222 ESE /5,1 CLX 1
22 P ESE ESE F/S,T CLX 1
22 L ESE F/S,L CLK 3
24 MARK ESE F/S,L CLK 3
5320 5PF N 2:1 E5E F/S,6 CLK 2
27328 SPFN 2:3 CRA S,F CLK @
29:34 FLAG g:1 ESE F/S,T CLK 1
31:22 FLAG 2:3 cRA s,1 CLX 1
33 ¥R ) ESF */5,F CL¥ @
34:36 WR 1:3 CRA S,T CLK 1
37:38 X1 g:1 ESF S,E CLK @
39:4¢0 Y1 233 ESE S,E CLK 2
41:43 X #32 CRA S,E CLK #
44245 Y a:1 CRA S,E CLK @
46357 NAF 2311 CRA s,® CLK ¢
58363 NAS#H 2:5 CRA S,E CLK @
64 L EARLY EVEN CRA S,E CLK @
652167 sC 7:2 CRA s,1 CLK 1
68269 FE 0:1 CRA S,I CLK 1
19 CALL CRA S,I CLK 1
71273 J 32 CRA s,I CLK 1
74:76 K #32 CRA s,1 CLK 1
717 SC ALU CRA s,I CLK 1
78 T CRA S,1 CLK 1
79 P CRA CRA S,I CLK 1
80297 # g:17 ESE S,L CLK 3
98 ¥PARY ESE S,L CLK 3
99 #PAR1 ESE s,L CLK 3
10493142 D as2 rRA 5,1,L CLX 1(MQ ctrl),CLK 3(D ctrl)
183 MU CRA S,1 CLX 1
124 RE CRA s,L CLK 3

125 L EARLY 3DD CRA S,L CLX ¢



EBOX Page 2-65

2.6.1 ALU (Uw Bits 9:3)

The ALU field controls the 36 bit ALU on the #MVL and MVR modules,
Carry into 35 must be asserted for ail subtract operations. For BCD,
bits 6,9,18,27 are ignored <carry will cross from 18 to 8, 19 to 17,
28 to 26> during the ALU operation and forcad to zero at the F BUS.
The Jecodes are as follows:

decode function

2 X1 plus Y1 BRCD (32 bit add, 1-8,12-17,19-26,28-35)
1 X1 equal Y1

2 X1 plus Y1 binary (36 bit)

3 not Y1

4 Y1 minus X1 BCD (32 bit subtract)
5 X1 # vYl(inclusive or)

& Y1 minus X1 Binary (36 bit)

7 X1.Y¥1(logical and)
14 X1 minus Y1 BCD (32 bit subtract)
11 X1 EOR Y1
12 invalid op
13 1 4}
14 § minus Y1 RBRCD (32 bit subtract)
15 X1
16 invalid op

17 Zeros

2.6.2 CARRY CONTROL (Us Bits 4:6)

The CC field controls the carry into 17 and carry into 35 of the 36
binary ALU and 32 bit decimal ALU. Decodes are as follows:
DECIMAL OPERATION (UW bits 2,3=08)

decode function
-1 invalid op
2 carry into 35
3-5 invalid op
6 no cartry into 35
7 invalid op

BINARY OPERATION (UW bits 2,3 not equal 24)
decode function
" sign ¥v= Cn to 35, 36 bit ALU
no Cn to 35, 36 bit ALU
no Cn to 35, 18 bit ALUs
no Cn to 35, 18 bit ALUs if EACALC not global
no Cn to 35, 36 bit ALU if EACALC global
¢n to 35, force Cn to 17
¢cn to 35, 36 bit ALU
Cn to 35, 18 bhit ALUs
Cn to 35, force Cn to 17 if EACALC not global
Cn to 35, 36 bit ALU if EACALC glopal

(VS S .~

~3 N U
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2.6.3 0OP1/%R REG FILE (Uw Bit 7)

During first and subsequent cycl2s U¥ bit 7 controls the 0P1 MUX at
MV, and MVR as follows:
UW bit 7=4 AF MUX #:35 to SEL 0Pl #:35
Uw bit 7=1 AF MUX 2:17 to SEL OP1 18:35,AF MUX 18:35 to
SEL 0OP1 8:17
puring second and subsequent cycles, UW bit 7 performs the following
operation in conjunction with the L EARLY control:

UW Bit 7 L EARLY function
1 Us 185 Write REG FILE in 2nd half next cycle,
1 Ud 64 Wwrite REG FILE in 1st half next cycle,

2.6.4 LAST CYCLE (UW Bit 8)*

The LAST CYCLE bit controls the update of SELI, and selection of CE,
C1, and CL #sUXes during the first cycle of the next instruction. When
the last cycle bit is on and L EARLY is also on, SELIT is wupdated in
the next 22ns clock period (if in 44ns microcycle,during the 2nd half
of the cycle containing the last cycle bit. when the LAST CVCLE bit
is on and L EARLY 1is off, SELI is updated in the 1st 22ns period
following tnis 44ns microcycie.

CE, CI, and CL MUXes select between first and subsequent cycle control
words for early (CLK 2), intermediate (CLX 1 or 2) and late (CLX 3 or
2) control oits. LAST CYCLE bit on causes fast 2556X4 RAMS and
forwarding controls to be selected into the control word of the next
cycle, which represents the first cycle of the next instruction.

An interrupt may block the operation of the LAST CYCLE bit, thus
allowing slow microcode to trap to an interrupt handling routine.
Dnce this routine is completed, a LAST CYCLE microorder must again be
issuad to cause instruction execution to continue.

Instruction invalid coming from the IBOX at LAST CYCLE will cause the
microword containing the LAST CYCLE order to hold if no interrupts are
pending. L EARLY w#will be forced off in the next cycle so that only
one store Operation will occur.

2

2.6.5 SW/ X REG RD (U¥ Bits 9312)

The SW/ X REG RD field performs a dual function. It addresses the X
REGC FILE words #-15 on SHL and SHR modules, and controls the swapping
and merge operation of the SWw MUX on MVL and MVR modules., SWw MUX 1is
con- trolled by the following decodes:
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Left swap control (Uw bits 9:18)

decode function
4] orpl 18:35 to PASS 2:17
1 OP2 18:35 to PASS #:17
2 OPl 2:17 to PASS B:17
3 op2 A:17 to PASS #A:17

Right swap control (UW bits 11:12>

decode function
] 0Pl 18:35 to PASS 18:35
1 OP2 18:35 to PASS 18:35
2 DP1 @:17 to PASS 18:35
3 UP2 #:17 to PASS 18:35%

2.6.5 R/Y REG RD (U¥W Bits 13:16)

The R/Y REG RD field performs a dual function. It addresses the Y REG
FILE words 2-15 on SHL and SHR modules, and controls the operation of
the R MUX on MVL and MVR modules. R control bits are decoded as

tollows:
decode function
é zeros to R BUS #:17, PASS 18:35 to R BUS 18:35
1

1 zeros to R BRUS 2:35

2 PASS 2:17 to R BUS 2:17, zeros to 18:35

3 zeros to R BUS #2335

4 SEL OP2 bit & to R BUS #:17, PASS 18:35 to R BUS 1B:35
5 PASS #4335 to R RUS 9:35

6 PASS 9:17 to R BUS #:17, SEL 0OP2 bit # to R BUS 18:35
i COMPARE BUS 9:17 to R BUS 8:17

12 ones to R BUS 9:17, PASS 18235 to R BUS 18:35

11 ones to R BUS #:35

12 PASS 4217 to R BUS #:17, ones to R BUS 18:35

13 ones to R BUS #g:35

14 SEL 0OP2 bit 18 to R BUS 4317, PASS 18:35 to R BUS 18:35
15 -PASS #3:35 to R BUS #:35

16 PASS @:17 to R BUS #:17, SEL 0OP2 bit 18 to R BUS 18:35
17 -COMPARE #:35 to R BUS #4:35

2.6.7 COMP (UW Bits 17:18)

The COMP field determines the mode of operation of the comparators on
the MVL and MVR modules per the following decodes:
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Uw Bit 17 on= compare to onas(7s)
a)compare COMP BUS 1:34 to ones
b)compare F BUS #:35 to ones

UW Bit 17 off= compare to zeros{not 7s)
a)compare COMP BUS 1:34 to zeros
b)compare F BUS #:35 to zeros

U¥ Rit 18 on= compare to 1
a)compare COMP BUS 35 to one

U¥ Bit 18 off= compare to zero
a)compare COMP BUS 35 to zero

The COMP field UW 2its 17 and 18 also determine the mode of clocking
of the SC and FE regs in the following manner:
U¥ 17 on= clock SC REG early with results of the SC ALU
operation occurring in the 1st 22ns period of
a 44ns microcycle
U¥ 17 off= clock SC REG late with resuits of the SC ALU
operation occurring in the 2nd 22ns period of
a 44ns aicrocycle
UW 18 on= clock FE REG early with the results of the SC ALU
operation occurring in the 1st 22ns period of
a 44ns microcycle
UW 18 off= clock FE REG late with the results of the SC ALU
operation occurring in tne 2nd 2Zns period ot
a 44ns microcycle

2.6.8 STORE CONTROL (UW Bits 19:21)

The STORE CONTROL field causes store and MBOX operations to occur pefl
the follouwing decodes:
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decode function

2 no op

1 write MEM Wwith data on L BUS. Wwrite AC if EACALC is
an AC. L EARLY on will cause data to latch at M or
Write to occur at AC in the 1lst half of the next
cycle. L EARLY off will cause data to latch at M or
write to occur at AC in the 2nd half of the next cycle.

2 write to AC and MASTER AC. L EARLY on will cause the
write to occur in the 1st half of the next cyclea.
L EARLY off will cause the write to occur in the 2nd
half of the next cycle.

3 write AC and MAC {if AC field not=%. Timing is the same
as decode 2.

4 Wwrite MAC only with data on L BUS. L EARLY on will
cause the write to occur in the 1st half of the
next cycle. L EARLY off will cause the drite to occur
in the 2nd half of the next cycle.

5 sparle

i STEP CTRS: Read the MASTER AC twice follouwed by an
update of it”s lo-order 4 address by +1l. In the next
microcycle write into AC copies twice followed by an
update of their write address by +l. This microordsr
repeated 8 times will cause a load of all AC copies
with an AC set from the MASTER AC wlock.

PARITY ESE (U¥W Pit 22)

Parity ESE is turned on or off so that odd parity is achieved for 53

of

the 54 microcode pits located on the ESE module (1:23,25:26,29:39,

33, 37:48,80:99). The MARK bit is not parity checked.

2.6.1¢ L (UW Bit 23)

The L bit controls the selection of the L MUX on MVL and MVR @modules
according to the following decode:

L=9¢ F BUS #:35 to L MUX #:35
L=1 RF RUS 2:35 to L MUX 2:35

2.6.11 MARK (Uw Bit 24)

The MARK bit is used as a diagnostic scoping tool. It provides a sync

pulse

for monitoring dynamic CPU activity. The MARK bit may be

cnanged at any time without affecting the o0dd parity of the FESFE
microcode bits.
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2.6.12 SP FUNCTION Field (UW Bits 25:28)

mhe SPECIAL FUNCTION field issues control commands to the FKROX under
the following decodes:

decods

@

1

function
no-op

LD PI: Set interrupt system on if Y REG bit 1¢ is on,
set interrupt system off If Y REG bit 12 is off.

Load software requests 7:1 from X REG bits 29:35.
Load current lavel in progress 1:7 from Y REG 3:9.
Load “levels on” 1:7 from Y REG 11:17.

LD ALK: Load new current AC block number from
Y REG dJ:2. Load previous AC block number from
¥ REG 3:5.

SFL SHFT: Select shift matrix output to Z MUX
force 1s to SEL (P2

STEP ACCT: update accounting meter ¢1 (not currently
implemented)

LD I0: Load ID register from X REG 28:35.

dnce %the I0 register has seen loaded, provide a
22ns 10 KEG STROBE to the 10B0X to enabl2 a
decode at the I10BOX

ID REG 28329 CTRL ENC
?# no oP
1 doorbell
2 console interrupt
3 console boot

I0 REG 38 reset
I3 REG 31 broadcast
10 REG 32:35 port select or intr level

IBOX CMD: Command to IBOX per #field 14:17. #field
#3:12 are latched and held as MBOX qualifiers during
the next EBOX trap of IPUT. L BUS from this microcycle
is held at L3 until the next IB0OX CMD or until a write
to AC with IPUT not in an EBOX routine takes place.

If a write to AC with IPUT in an EBOX routine takes
place, IBOX trap to EBOX is raised to cause a reload
of the current AC set,
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force 1s to SEL 0Opl

£B0OX RESP FPA: EBOX response to FPA to free a microcode
interlock condition (not currently implemented)

LD SPFN: Load Special function register from #field #:17.
This reqgister is cleared at last cycle.

FLD 29 DIS PF: Disable call to microcode
location 4216 on EBOX page fail

FLD 91 ALLOW RETRY: If on, allow auto retry of
this instruction. If off, block auto
retry of this instruction.

FLD 82 spare

FLD 23 CLEAR DP...Reset EBOX and IBOX data
paths for retry (must be followed
by a load of currant AC set from MAC)
note: this reset does not reset CRA
or MBOX interface buffers in IB3X. These
must be reset by the console,

FLD 44 SET FORCE PHY: Set force physical F/F
causing all VMA references to be
physical

FLD 25 CLR FURCE PHY: Cleatr the force physical
F/F

FLD 26 CLR JREAL: Reset Jump Real at the IBOX
I0L module if ¥ FLD 25 is off

FLD 21 BLK STEP SELY: Block stepping of SELI
at next LAST CYCLE if # FLD 87 is off

FLD 28 DIS ADR BREAK: Disable address break
page fails from the MBOX if #& FfLD @8
is Offa

FLD #9:11 STATE REG: Saet state register bits 1:3
to the complement of # FLD bits 9:11.

FLD 12 EXTEND INSN: If # FLD 12 is off, force
the first slow microword fetched after
the next last cycle to be fetched
from opcode+1823.

FLD 13:14 Spare

FLD 15 RESET SC 0OVL: Reset the SCAD ALU
overflow bit

FLD 16 DECR FLAG HIST: Decrement the flag
history buffer address

FLD 17 INCR FLAG HIST: Increment the flag
history buffer address

ABDRT FPA: Stop instruction in execution at FPA by
trapping FPA microcode into a routine which will clear
it°s data paths and enter an ildle iloop (not currently
implemented)

LD PXCT: Loaa PXC? flags from the AC address Dits
¥9:12 at the IB0X. PXCT ENABLED will now come on
if any of these bits are on. The PXCT flags will be
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reset at the second occurrence of last cycle.

15 EBJX RESP: EBOX response to IBOX and (IBOX microcode
will branch on it during interiock conditions).

16 HALT: Stop EBOX clocks and signal the console

17 Set EM MODE if FBUS bit 2 off. Clear EM mode if

FBUS bit 2 on.

2.6.13 FLAG CONTROL (UW Bits 29:32)

The FLAG CONTROL field causes flag and aiscellaneous operations to
occur under control of # FIELD and data path bits.

decode function
g no op
1 TIME BASE:

Reset time base if Y REG bit 2 is on. Load time
base enable from Y REG bit 5. Load interval timer
PIA trom Y REG 15217 Fforce zeros into the next
microcycle”’s number field.

PC FLAGS:
53et or reset Selected PC flags according to # field
bits.
OVeeo.set if §#f1d 96 is on
FOV...s5et if #fld @41 is on
TRAPl.,..52t if $#fld 29 is on; set to the value of
-#fld 88 if #fld 99 is off
TRAP2...set to the value of -§fld 87
FPD...set if #fld 284 is on, clear if #fld 23 is on
NO DIV..os2t if #fld a2 is on
USER...clear user if #fld #5 is on

[

3 EN APR:
Load APR enable bits from X REG 29:31. Load APR
PI level from X REG 33:35. Force zeros into the
next microcycle”s number field.,

4 D FLAGS: set CRYZ if carry out of main ALU bit -@2.
Leave CRY®# on if already on. Set OV and TRAP1 if
F BUS 98 is not equal to F BUS -g1. Leave 0OV and TRAP1
on if already on. Set CRY! if 0OV condition is not equai
to CRYd. Leave CKRY1l on if already on.

5 Unassigned, Force zeros into the next microcycle”’s
nunber field.
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LD FLAGS: load PC flags from Y REG f:12. If § field
bit 5 is on protect USER and USER IO from illegal
modification., If # field bit 9 is on load PCU from
previous USER flag.,

Y REG flag

99 ov

21 CRY®

B2 CRY1

23 Fav

a4 FPD

é5 USER (if Y REG 25 on, set USEk. If

Y REG #5 off and #fld 45 on, preserve
the state of USER. If not any of the
above, clear USER)

a6 USER I0/PCU (Y KEG #6 on and not
USER set USER IO/PCU, Y REG 26 on and
#£14 85 on set USER IO/PCU if USER 10/
PCU previously on, #fld €9 on set USER
I0/PCU if USER onj; not any of the
above, clear USER IO/PCU)

48 INH ADDR BRK: inhibit address break
Will De operative during the instruction
immediately following the next last
cycle and will clear at the last cycle
of the same instruction

29 TRAP2
19 TRAP1
11 FXU

12 NO DIV



N — W (. G Mt gy B b o W il oo VNI G G WD G ML S aM G GG chn S N g WS ST o . S W g AN MM gk A S . G W —

EBOX

12

11

12

13

14

15

16

117

Page 2-74

LD TIM: Load 12 bit timer interval from Y REG 6:17. Set
timer on if Y REG #3 is on, timer off if Y REG @83 is off.
Reset timer overflow and timer done flags if Y REG ¥4 is
one Clear interval timer to zeros if X REG 1B is on.
Force zeros into the next microcycle”s number field.

JFCL: Clear OV if OV and AC field bit 9 are on; clear
CRY? if CRYZ® and AC field bit 18 are onj; clear CRY1
if CRY]l and AC field bit 11 are on; clear FOV if FOV
and AC field bit 12 are on. If any of these flags are
cleared, force jump successful at the IBOX.

READ PC FLAGS: Read PC flags #:12 into the next
microcycle®s number field bits #:12. Clear bits 13:17
of the next microcycle*s number field.

EXP: Exponent test (short or long) sets 0V, FOV, TRAP1,
or FXU from SC REG bits.

0V, FOV, TRAPl...set if #fld 198 on and SC REG 8% on,
set if #fld 14 off and SC REG #3 on

FXU.o.o5et if #fld 18 on and SC REG OVFL on, set if
#fld 1¢ off and SC kEv ¥2 on

LD APR: Set all APR flags if X REG 28 on, reset
selected AP? flags from X REG 29321, Read the APR
flags into the next microcycle®s number field bits 1:3,
read the CPU serial number into the next microcycle”’s
number field bits 4:17

PDL 0OV: Set trap 2 if F BUS #:17 compare egquals value of
COMP field.

READ TIME BASE: Read the time base into the next
microcycle”’s number field bits 1:17.

RESTORE: Load flags 0V, CRY#, CRYl, FDV, TRAPl, and
TRAPZ2 from the flag history buffer. This buffer is
addressed by the IBOX SELI HIST counter. During retry
restore will load the state at which these flags wuWere
set just prior to the execution of the instruction
being retried.

RFAD APR: Read APR FLAG ON into the next microcycle’s
number field bit 3, read the state register into the
next microcycle®s bits 1:3, read TIMER DONE into the
next microcycle”s bit 4, read TIN OV into the next
microcycle®s hit 5§, read the interval timer into the
next microcycle’s bits 6:17.
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2.6.14 WR CTRL (Uw Bits 33:36)

The AC/ REG WR CTRL field performs a dual function. 1IF UWw bit 7 1is
on, the X and Y REG FILES will be written intd> in the next microcycle
according to the setting of L EARLY. The X and Y REG write address is
generated from bits UW bits 33:36.The AC/ REG WR field will also be
used to contrel the addressing of the ACs at SHL, SHR, IDL, IDR, and
FPA modules. In this area of control Uw bits 33:36 have the following
significance:

UW Bit 34=# WR MUX plus # FIELD 14217 to 0OP2 AC ADR (UwW bit 34=7 and
UW bit 7=8 causes XRD MUX to clock).

Un Bit 34=1 FEACALC 32:35 to DOP2 AC ADik if LAST CYCLE, hold previously
clocked contents if nof LAST CYCLE.

Decode of UW 33,35:

Y AC RD ADR to sR ADR MUX
DP2 AC ADR to WR ADR MUX
UMA 32:35 to ¥R ADR MUX
zeros to WR ADR MUX

- S
. e

Decode of Mem Access Holdoff, Uw 356

2 AC R ADR MUX to lo-order 4 bits #AS AT ADR
1 # Field 142317 to lo-order 4 bits HAS AC ADR
A VMA 32335 to lo-order 4 bits MAS AC ADR

1 # Field 14:17 to lo-order 4 bits MAS AC ADR

et ek Y T2

Hi-order 4 bits MAS AC ADR
UW Bit 36=3 zeros to hi~-order 4 bits MAS AC ADR

Uw Bit 36=1 # Field 19:13 to hi-order 4 bits MAS AC ADR

2.6,15 X1 (Uw Bits 37:38)

The X1 field controls the X1 MUX at MVL and MVRe. During the first
cycle of an instruction, forwarding compare logic from TAG and SH
modules determine selection. puring second and subseguent cycles
firmware has control with the following field decodes:

decode function
£ BUS 2:35 to X1 8US @:35, F BUS 4 to X1 BUS =-2,-1
RF BUS #:35 to X1 BUS @:35, RF 8US 4 to X1 ®RUS -2,-1
X BUS -2:35 to X1 BUS -2:35
gP2 8BUS ¢:35 to X1 BUS 2:35,0P2 BUS 3 to X1 BUS -2,-1

W N b
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2.6.16 Y1 (Uw Bits 39:48)

The Y1 field controls the Y1 MUX and AF MUX at MVL and MVR ( an enable
to Y1 in first cycle comes from the IBOX). During the first cycle,
forwarding compare logic from TAG and SH modules determine selection.
During second and subsequent cycles firmware has control Wwith the
following decodes:

decode function
] F BUS £:35 to AF,Y1 BUS #:35
1 RF BUS #:35 to AF,¥Y1 BUS 3:35
2 X BUS #:35 to AF,Y1l 8335
3 Y BUS ©:35 to AF,¥1l @8:35

ALU input -2,-1 are equal the value of Y1 BUS 3

2.6,17 X FIELD (UW BITS 41:43)

The X field controls inputs into the X BUS via the X MUX at the SHL
and SHR modules. Decode 7 i{s forced if the selection is decode 2 ang
the XCT flag is on. The field decodes are as follows:

decode function

é X AC 2335 to X BUS #:35, X AC bit ¥ to X RUS
-2 and -1

1 XPEG FILE @#:35 to X BUS -2:33,zeros to 34,35

2 XREG FlLe #3335 to X BUS -1:34,zero to 35, XREG
FILE bit 4 to X BUS =2

3 XKREG FILE #:35 to X BUS 4235, XREG FILF bit ¢
to X BUS -2 and -1

4 D mUX #:35 to X BUS #:35, D MUX bit 2 to X BUS
-2 and -1

5 KREG FILE bit ¥ to X BUS =-2:35

6 # FIELD 8217 to X BUS ©2:17, # FIELD @317 to X BUS
18:35, # FIELD @ to X BUS -2 and -1

7 Z BUS #:35 to X BUS P:35, Z BUS bit @ to

X BUS -2 and ~1

2.6.18 Y FIELD (UW Bits 44:45)

The ¥ field controls inputs into the ¥ BUS via the ¥ #UX at the SHL
and SHR modules. The field decodes are as follows:
decode function
Y AC 2:35 to Y BUS 2:35
YREG FILE #:35 to ¥ BUS #:35
D MUX 2335 to Y 8US 8335
M@ @:35 to ¥ 8yS #:35

W NS
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2.6.19 Next Address field (bits 46:57)

In any given instruction, the first cycle control word comes from fast
256X4 RAMS addressed by the instruction code, the second cycle control
word (22ns later) comes from 4KX1 RAMS also addressed by the
instruction code, and third and subsequent control words come at 44ns
intervals from the same 4KX1 RAMS addressed by the next address path.
I1f control bits 58:63 are not @2, the hi-order next address is
determined by hi-order next address field bits, and the next address
lo-order is determined by the inclusive or of lo-order next address
field bits and the selected skip or dispatch bits.

2.6.28 THE NA SWITCH (BITS 58:63)

The NA SWITCY field determines the source of the NEXT ADDRESS path.

decode function
¢ NA FIELD 2:11 to NA BUS #:11
1 SKIP PAGE FAULT: NA FIELD #3212 to NA BUS @:14, E PF

inclusive or with NA FIELD 11 to NA BUS 11

2 5¥IP AC NDT EOL o2 NA FIELD 4216 to NA RUS @:14, instr
AC ADDR not=# inclusive or witn NA FIELD 11 to NA BUS 11

3 SKIP NOT Y 2: NA FIELD @:12 to NA BUS #:18, not Y REG
pit ? inclusive or with NA FIELD 11 to NA BUS 11

4 SKIP NOT X 18°c NA FIELD 9214 to NA BUS @:18, not X REG
bit 18 inclusive or with NA FIELD 11 to NA BUS 11

5 SKIP NOT SCAD #: NA FIELD #:17 to NA BUS ¢:14, not SCAD
ALU bit # inclusive or with NA FIELD 11 to NA BUS 11

6 SKIP NOT SC REG #: NA FIELD #:1¢ to NA BUS 9:14, not SC
REG bit 4 inclusive or with NA FIELD 11 to NA BUS 11

7 SKIP F @: NA FIELD 2:14 to NA BUS # to 14, F BUS ¢
inclusive or with NA FIELD 11 to NA BUS 11 (from ALU
operation of the 1st half of the current microcycle if
L EARLY, from ALU operation of the 2nd half of the
previous microcycle if not L EARLY)
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SKIP ALU 18:35 NOT #: NA FIELD #:19 to NA BUS #:16, ALU
18:35 not=# inclusive or with NA FIELD 11 to NA BUS 11
{same timing as decode 7)

SKIP ALU #:17 NOT #: NA FIELD 9219 to NA BUS 9314, ALU
#217 not=#% inclusive or with NA FIELD 11 to NA BUS 11
(same timing as decode 7)

SKIP ALU 94:35 NOT @: NA FIELD 2:19 to NA BUS ©2:19, ALU
#2235 not=¢ inclusive or with NA FIELD 11 to NA BUS 11
(same timing as decode 7)

SKIP PC SECT NOT &: NA FIELD @9:18 to NA BUS 2:12, PC
section not=7 inclusive or with NA FIELD 11 to NA
BUS 11

SKIP NOT SC REG 1: NA FIELD #4319 to NA BUS @:14, not SC
REG bit 1 inclusive or with NA FIELD 11 to NA BUS 11

SKIP ALU CD: NA FIELD #£:12 to NA BUS #:12, CARRY OUT
of ALU inclusive or with NA FIELD 11 to NA BUS 11
{(same timing as dacode 7)

SKLP SC KEG NEQ ©¥: NA FIELD v:l®d to NA BUS d:1¢, SC
RFG not=? inclusive or with NA FIELD 11 to NA BOUS 11

NA FIELD 2:1¢ to NA 8US 2:12,

>KIP? SCAD NOT EGL 3
inclusive or with NA FIELD 11 to NA BOS

SCAD ALY not=2
11
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DISP USER: NA FIELD 2:58 to NA BUS @#:08, USER MIDE
bit inclusive or with NA FIELD 29 to NA BUS 39,

I0 LEGAL (PCU/JUSER YO or not USER FLAG) inclusive
or with NA FIELD 19 to NA BUS 12, I0 BUSY inclusive
or with NA FIELD 11 to NA BUS 11

DISP DP2=AC.GLORAL: NA FIELD 9:09 to NA BUS 2:09,
EACALC global inclusive or with NA FIELD 12 to NA BUS 138,
DP2=AC inclusive or with NA FIELD 11 to NA BUS 11

DISP SC ALU: NA FIELD 2:48 to NA BUS D:28, MASK TOD 44
(SMUX > 44) inclusive or #ith NA FIELD 29 to NA BUS 29,
not SC REG bit 2 inclusive or with NA FIELD 12 to

NA BUS 18, SC REG OVFL (SC ALU DVERFPLOW) inclusive or
with NA FIELD 11 to NA BUS 11

DISP MISC RESP: NA FIELD 3:47 to NA RBUS 4387, [ROX
RESPONSE inclusive or with NA FIELD 48 to NA BUS 98,
ALLOW KETRY inclusive or with NA FIELD @9 to NA BUS

#9, NA FIELD 13 to NA BUS 14, FPA RESPONSE inclusive or
with NA FIELD 11 to NA BUS 11

DISP J > 442 NA FIELD ¢#:29 to ¥A BUS 2:89, not J MUX > 44
and PC SECT # not = ¢ inclusive or with NA FIELD 1® to
NA RUS 14, NA FIELD 11 to NA RyUS 11

UISP IBOX TRAPA:T NA FIELD 9:£7 to NA BUS #:817,

I, OF2, 0OP3 PF inclusive or with NA FIELD £8 to nA BUS

28, INSN EQUAL

AC inclusive or with NA FIELD 49 to NA BUS 29, INDIRECT
inclusive or with NA FIELD 19 to NA BUS 14, not XR TNyALID
inclusive or with NA FIELD 11 to NA BUS 11

DISP EACALC 23 NA FIELD 2:87 to NA BUS 9:87, €A BUFFER
Jd6217 = 2 inclusive or with NA FIELD

#8 to NA BUS #8, not Y REG bit 9 inclusive or with

NA FIELD #9 to NA BUS 29, not Y REG bit #1 inclusive
or wWwith NA FIELD 13 to NA BUS 12, V REG bits 2:5 not

= @ inclusive or with NA FIELD 11 to NA BUS 11

DISP EACALC 13 NA FIELD 9297 to NA BUS 9:87, EA BUFFER
96:17 = @ inclusive or with NA FIELD

28 to NA BUS 48, Y REG #8,86:17 < or = # inclusive

or with NA FIELD 49 to NA BUS 89, not Y REG bit 13
inclusive or with NA FIELD 14 to NA BUS 19, Y REG

bits 14:17 not = & inclusive or with NA FIELD 11 to

NA BUS 11
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DISP EARLY DCD 2 and 23 NA FIELD @:7 to NA BUS 2:7,

ONES to NA BUS 8:9, EARLY DFCODE @8 (0OP2 needed)
inclusive or with NA FIELD 1¢ to NA BUS 14, EARLY DRCODE
B2 (write test) inclusive or with NA FIELD 11 to NA BUS
11

PXCT CHECK: NA FIELD @38 to NA BUS #:8, not PREVIOUS
ENABLE inclusive or with NA FIELD 89 to NA BUS @9,

not Y REG # inclusive or with NA FIELD 18 to NA BUS 19,
ALU #:35 not equal zero inclusive or with NA FIELD 11
to NA BUS 11

SPARE 2 WAY DISP (IMPLEMENTED)
inclusive or with NA FIELD 12 to NA BUS 14, USE AC #
inclusive or with NA FIELD 11 to NA BUS 11

DISP PXCT ENABLED: NA FIELD 827 to NA BUS 4:7,
PXCT ENABLED inclusive or with NA FIELD #8 to NA BUS
#8, NA FIELD 9211 to NA B8US 9:11

DISP NOT SC REG 2: NA FIELD #:1¢ to NA BUS #:14,
not SC REG 92 inclusive or with NA FIELD 11 to NA
BUS 11

spare

DISP INTERRUPT: NA FIELD g:7 to NA BRUS 2:7, ONES to

NA AUS @28:09, 1MSEC REQ inclusive or with NA FIELD 17
to NA BUS 19, REW INT TRP inclusive or with NA FIELD 11
to NA BUS 11

RETURN: Return stack #:19 inclusive or with NA FIELD
9218 to NA BUS g:1¢, skip bit determined by NA SWITCH
decodes ##:17 inclusive or with Return stack 11 or

NA FIELD 11 to NA BUS 11
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NA FIELD #2:7 to NA BUS 9:7, Instr AC addr inclusive
or with NA FIELD B:1l1 to NA BUS B8:11

NORMALIZE: NA FIELD #:7 to NA BUS @:7, ALU 4:35

equal @ inclusive or with NA FIELD 38 to NA BUS &8,

F BUS 8,9, not F BUS bit -1 inclusive or with NA FIELD 9:11
to NA BUS 9:11, respectivaly. (same timing as

decode 7)

ENORMALIZFE: NA FIELD 2:7 to NA BUS 0:7, ALU 2335
equal & inclusive or with NA FIELD 8 to NA BUS 8,

F 8US 11, 12, not F BUS bit -1 inclusive or with NA
FIELD 9311 to NA BUS 9:11, respectively. (same
timing as decode 7)

DIVIDE: NA FIELD #4:8 to NA BUS 2:8, not SC REG bHit 2,
not X KEG bit &, CARRY OUT of ALU inclusive or with
NA FIELD 9:11 to NA BUS 9:11, respectively. (same
timing as decode 7)

PI ENC: NA FIELD 9:8 TO NA BUS ¢:8, INTERRUPT ENCODE
inclusive or with NA FIELD 9:11 to NA BUS 9311

mUL1: NA FLELD ¥383 to NA BUS 438, not 5C ReG 4, MQ
REG 34 and 35 inclusive or with NA FIELD 9:11 to NA
BuUs 9:11

BYTFE: NA FIFLD £:8 to NA BUS 2:8, F 805 12 anded
with PC sect not=¢, not SCAD ALU bit &, FIRST PART DONE
flag inclusive or with NA FIELD 9:11 to NA BUS 9:11

EARLY DECDODE: NA FIELD @9:87 to NA BUS @#4:27, 0OP3 is
GLOBAL inclusive or with NA FIELD #8 to NA BUS 38,
EARLY DECODE 4:6 inclusive or with NA FIELD #9:11 to
NA BUS #9:11
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2.6.21 L EARLY EVEN

The L EARLY EVEN bit

during First C¥cle

microcycle.

L EARLY
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SIGNS: NA FIELD 229 to NA BUS #:9, not X REG 4, not
Y REG 2 inclusive or with §A FIELD 1#2:11 to NA BUS
19:11

RETRY: NA FIELD #38 to NA BUS 438, PIPE ERROR (FRU REG
41 OR ¥8) inclusive or with NA FIELD 8 to NA BUS 8,
RETRY CODE <¢FRU REG 12:13> inclusive or with NA FIELD
14211 to NA BUS 12:11

MUL2: NA FIELD 2:8 to NA BUS 8:8, not SC REG 2, MQ REG 32,
MQ REG 33 inclusive or with NA FIELD 9:11 to NA BUS
9:11

FLAGS MUX: NA FIELD ©2:8 to NA BUS #:8, not FLAGS MOX 1:3
inclusive or with NA FIELD 9:11 to NA BUS 9:11

I¢ LO2 NA FIELD #:7 to NA BUS #:7, INSN CODE bits
5¢8 inclusive or with NA FIELD B:11 to NA BUS B8:11

Y REG: NA FIELD £:7 to NA BUS 9:7, not Y REG bits
433 inclusive or with NA FIELD 9:11 to NA BUS 9:11

EM MODE: NA FIELD 2:7 to NA BUS 237, ONE to NA BUS 8,
EM MUDE inclusive or with NA FIELD 9 to NA BUS 9,
UNES to NA 80S 14:11

iC H1: NA FIELD #:7 to NA BUS Jd27, INSN CODE bits
134 inclusive or wita NA FIELD 8:11 to NA 3US B:11

(UW Bit 64)

is selected into a control line knouwn as L EARLY
and also during the first half of any 44ns
EVEN gates data path clocking as follows:
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L EARLY EVEN=¢

(FIRST CYCLE)
or
(1ST HALF 44NS UCYCLE)

! i

! L EARLY EVEN=Z | 1

i ! 1 ! { ! 1 1 1 1
H H

PHA PH1 PH2 PH3 PHP PH1 PH2 PH3 PHF PH1
1
BLK CLK X
{
8LK CLK ¥
PH3
1
BLK CLK Z
PHO
1
ENA CLK F
1
~NA CLK RF
PH2
1
SNA SET FLGS
PH3
i
ENA CLK L1
PH1
)

ENA ST

Page 2-83

! 1
PH2 PH3

AC
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L EARLY EVEN=1

(FIRST CYCLFE)
or
(1ST HALF 44NS UCYCLE)

1 i
1 L EARLY EVEN=1 1 1

! 1 I 1 1 ! 1 ! 1 ! { !
H H

PHZ PH1 PH2 PH3 PHA PH1I PH2 PH3 PHE PH1L PH2 PH3
i
ENA CLK X
!
ENA CLK ¥
PH3
!
BLK CLK 2
PHY
i
BLK CLK F
1
LA CLa rF

PH2
!
RLK SET FLGS

PH1
!
BLK ST AC

2,6,22 SC FIELD (U« Bits 65:67)

The SC field controls the SC KEG and SC MUX on the SCA module. UW Dbit
65 on causes a hold of previously clocked contents of the SCAD ALU
output. UW bit 65 off allows SC REG to clock. Uw bits 66:67 decode
as follows:

decode function
g SC REG 5:11 toc SC MUX 2:5
1 SC ALU 6:11 to SC MUX #:5
2 # FIELD 12:17 TO SC MUX 435
3 FPA SHIFT £:5 to SC MUX 435

If the selected source of the SC MUX is either the 5SC REG or the SC
ALU, and bits #:11 of the selected source are greater than the value
44(octal), the SC MUX output is forced to 44, The § field and FPA
shift values will never exceed 44.
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2.6.23 FE FIELD (Uw Bits 68:69)

T*he FE field controls the FE REG and FE MUX on the SCA module. UW bit
68 on causes a hold of previously clocked contents of the FE MUX
output. UW bit 68 off allows FE REG to clock. Uw bit 69 selects FE
MUX as follows:

Uw Bit 69 off K MUX 9311 to FE MUX 2:11

Uk Bit 69 on SCAD ALU #:11 to FE MUX #:11

2.6.24 CALL (UW B8it 78)

The CALL microorder will cause the address dispatch stack to be loaded
wWwith the value of the previous NA 8US. The AD STACK is a 16 word LIFO
register file, and may be read by the RETURN microorder.

2.6.25 J FIELD (UW Bits 71:73)

The J field controls the J input to the SC ALU <SCA module> via the J
MUX. The field decodes are as follows:
decode function

¢ SC REG #:11 to J MUxX 9311

1 # FIELD P:11 to J MUX 8:11

Z X REG 18 "0 J MUX :3, XY REG 25335 to J MUX 4:11

3 FE REGC B:11 to J ¥MUX @:11

4 zeros to J MUX 2:5, Y REG #:5 to J MUX 6:11

5 zeros to J MUX 6:7, ¥ REG 14:17 to J MUX B8:11

6 zeros to J MUX #:7, instruction XR value 14:17 to
J MUX 8211

7 zeros to J MUX @37, Y REG 2:5 to J MUX 8:11

2.6.,26 K FIELD (UW Bits 74:76)

The K field controls the K input to the SC ALU <SCA module> via the K
MUX. The field decodes are as follows:
decode function

# FIELD @311 to K MUX #:11
zeros to K MUX 235, Y REG 6:11 to K MUX 6:11
Zeros to K MUX £:5, FPA SHF ENCODE to K MUX 6:11
zero to K MUX @, OE Y REG ¥4 with Y REG 138 to K
MUX 1:8, zeros to K MUX 9311
zero to K MUX 3, OE Y REG 2 with Y REG 1211 to K
4UX 1:11
FE REG £:11 to ¥ MUX ¢:11
zeros to K MUX #:11
ones to K MUX d4:11

WA e &

~ v un b
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2.6.27 SC ALU (UW Bit 77)

The SC ALU bit determines the SC ALU function:
g=add K #MUX @211 to J MUX ©B:11
l=subtract K from J

2.6.28 T (UW Bit 78)

T bit on will causes the current microword to 210ld for 22ns, allowing
the next microword®s address additional setup time (late skips or
dispatches are handled in this way).

26429 PARITY CRA (Uw Bit 79)

PARITY CRA is turned on or off so that odd parity is achieved for the
51 microcode bits located on the CRA module (27:28,31:32,34:36,
41:79,18¢2:184).

206430 NUMBEW FILIELD w©:17 (Uw Bits 3#:97)

The number fi2ld 135 an 1% bit fi1214d which is used in conjunction witnh
other microorders as a direct input into data or control logic.

2.6.31 # FLELD PARITY BITS #:8 (UW Bit 98)

The # FIELD PAR#¥ is turned on or off so that odd parity is achieved
for number field bits #:8 (UW bits 84:88). Uw bit 98 is included in
the overall ESE parity check.

2.6.32 # FIELD PARITY 9:17 (UW BIT 99)

THE # FIELD PAR1l is turned on or off so that odd parity 1is achieved
for number field bits 9217 (UW bits B89:97). Uw bit 99 is included in
the overall ESE parity check.

2.6.33 D FIELD (U¥ Bits 13£:182)

The D fieid controls the D sUX at the SHL and SHR modules. If L EARLY
is on, the D FIELD controls MQ operation during the 2nd half of the
current microcycle. If L EARLY is off, the D FIELD controls M@
operation during the first nalf of the current microcycle. If L EARLY
is on and a write to X or Y REG files 1is given, the current
microcycle®s D FIELD will determine the data to be written. If L
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EARLY is off and a wWrite to X or Y REG files is given, the next
microcycle”s D FIELD will determine the data to be written. The field
decodes are as follows:

decode function
g L1 REG €235 to D MUX #:35
1 L1 REG 1:35 to D MUX P:34, MQ REG 4 to D MUX 35,MQ REG

1335 to MQ REG #3134, ALU overflow to MQ REG 35

L1 REG 2234 to D MUX 1:35, L1 REG 35 to MQ REG 47,

F BUS -21 to D MUX &, MQ REG #:34 to M@ REG 1:35

L1 REG %333 to D MUX 2:35, L1 REG 34:35 to MQ REG
#:1, F BUS -g2 t D MUX €, F BUS -01 to D MUX 1,

MQ REG #:33 to MQ REG 2335

Z MUX 9:35 to D MUX @:35

Z MUX 6335 to D MUX 6:35, SCAD ALU 5:11 to D MUX ¢:5
Z MUX 9:35 to D MUX 9335, SCAD ALU 4:11 to D MUX 1:8,
zero to D MUX 2

Z MUX 12:35 to D MUX 12:35, SCAD ALU 1:11 to D MUX
1:11, zero to D MUX #

w N

~3 O U

2.6.34 MQ (Uw Bit 183)

The M4 bit uetermines the mode of the My KEG. It otf, tne Ma HEGL
performs a parallel load with data from the L1 RfG. If on, the MQ REG
shifts per U MUX control (if the D MUX performs a non shift operation,
MG holds it°s valuz).

2.6.35 RF (Uw Bit 144)

The RF bit deteramines selection of either R BUS or A BUS to the L MUX
input at the MVYL and MVR modules. First cycle control of this field
forces selection of R BUS. Since the RF bit is a late control, the
results of the move path operation during first cycle are selected
into the RF BUS. The decode is as follows:

g= R BUS #:35 to RF BUS #:35

= A BUS 3335 to RF BUS #:35

2.6.36 L EARLY ODD (UW Bit 185)

The L EARLY ODD bit is selected into the control line L €ARLY during
the the second half of any 44ns microcycle, and gates data path
clocking in the same manner as L EARLY EVEN (UW bit 64).
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2.7 EBOX INTERFACE TO 1I8DX

2.7.1 Inputs To EBOX From IROX

27.1.1 AC ADR FLD #9212 (source INX1, IDLE) -

At the LAST CYCLE of an instruction, a new SELI 1is generated w«hich
will read the AC fields of the two possible successor instructions to
that SELI. During the execution cycles of SELI (1st cy through last
cy) the AC ADR FLD will <contain the AC FIELD of the predicted
successor instruction. At LAST CYCLE of SELI, AC ADR FLD ©9:12 will

be clocked into the Y AC RD ADR latches at SHL and SHR. (dest SHLF,
SHRF)

2.T«1.2 AC REF TO E£SE (source CFL) =-

Indicates that the address on the VMA is an AC address as opposed to a
memory address. True if an instruction address and VMA 18:31 = #, if
an IBOX local fetch and yMA 18:31 = @, or if VMA 46:16 and 18:31 = #@.

At E£SE gates the write to AC sets for a Wwrite memory (which is AC
REF), and enables N+1 forwarding compare at CFL. (dest ESEJ)

207:103 Q[AG CLK ?KS 12 (SOU{CS ISR&) -

Diagnostic clock for the CPU passive scan path.(dest CRAR)

2.7.1.4 E PF (source MID3) -

Page fail indication for EBOX memory reference. (dest CRAG)

2¢7e1.5 EA BUF 86-17=0 (source CFL) -

Rits #6217 = zero of the EA BUF addressed by the current EBDX SELI.
Used as a branch input to FBOX microcode next address.(dest CRAG)

2.7.1.6 EARLY DCD gﬁ' 32’ g4[ ﬂS, 46 (Soutce 1sqQ) -

Information decoded off the instruction code at instruction fetch time
by the 183X, is addressed by the FBOX SELYI during EROX execution, and
used as branch inputs to the EBRUOX microcode next address. (dest CRAG)
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2.7.1.7 EBOX STEP A (source CFL Via CRAI) -

EBOX STEP from the IBOX indicates to the EBOX that the 1st cycle in
progress is a valid operation, that all information needed to begin
execution of the instruction was prefetched and presented properly to
the EBOX by the I80X. At CRAH it is used to gate the clock of the
GLOKAL and PC SECT = 4 indicators. At SCAJ it is used to gate the
update of the FLAG HISTORY BUFF address. (dest SCAJ)

2.7.1.8 FORCE LO L CLK {(source IDRH) -

This signal is strobed by diagnostic controls at IDR. It allows
results from the ALU or M0OVE path to be gated through the L MUX while
EBDOX microcode does not advance. Thus a single micro-word
causing a MUOVE or ALY operation to occur may be issued, and results
may he routed into and scanned at L REG., Normally, L MUX may not be
clocked wuntil CLK 1 of the machine cycle following the MOVE or ALU
operation. (dest MVLM, MVYRM)

2.7«1.9 HOLDUFF T0O SHL, SHx (source MIDA) -

with WR 3 Uw 36 off, Holdoff to SHR will cause VMA 32:35 to be
selected into tne 4 hi-order bits of the Master AC address. Holdoff
to SHL, SHR will occur Jue to holdoffs which are the affect of EBOX
waiting for a) IBOX to respond to a SPFN ICMD, b) an MBOX access to
complete, represented by MBOX RESPONSE or ABORT CVYCLE. (dest SHLF,
SHRF)

2+.7.1.18 DP2 AC ADR 32:35 (source CFL) -

The address of the X AC set supplied by the 1B0X.{(dest SHRE, SHLE)

2.7.1.,11 0OP2 BUS (source IDL1-5, IDR1-5) -

Timing: lo-order bit must be valid T2¢l1l.2 to I'2+12.7 /LU hi-order bit
must be wvalid T2+#2.2 to T2+13.7 /LU 36 bit data path from IBOX to
FBOX. 1t may be selected into the X1 MUX and thus into SFL 0P2 wvia
the EBOX microcode X1 field control bits. (dest MVE1-5)

267s1012 VyMA 32:35 (source IDRC,D) -

Lo-order bits of the virtual memory address; 1is used to access the
ACs in the event that a VMA access of the MBUX represents an AC
address.{(dest SHRE, SHLE)
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2.7.1.13 X1 EN (source IDLE) -

From ISET microcode in the IRDX, is used to force the output of the X1
MUX to zeros during the 1st cycle of selected instructions. See IBDX
MICROCODE CONTROL SPECIFICATION, ISET, under X1 DISABLE. (dest MVE1l)

2.7.1.14 ¥1 EN (source IDLE) -

From ISET microcode in the IBOX, is used to force the output of the VY1
MUX to zeros during the 1lst cycle of selected instructions. See IB0X
MICROCODE CONTROUL SPECIFICATION, ISET, under Y1 DISARLE. {(dest MYE1l)

2672 QCutputs From E&0X To IBDX
2.7.2.1 4 FLD 90:17 U¥ 82:97 (source ESEE) -

Input to J 4UX, K MUX, flags on SCA. # FLD bits 498:13 go to MID,
latched by SPFN ICMD, as qualifiers for memory operations. # FLD bits
14217 go to ISQ as the 4 lo-order bits of the IPUT microcode address
of the 1st IPUT microword of an E£BUX routine, See EB0OX MICRUCUDE
CUNTROL SPECIFICATION under “g% FLD” and “SPFN ICMD”. (dest 5CA2,
MIDB, ISQH)

2.7e2.2 ALLDW RETRY (source SCAH) -

SPFN REG bit which, if off, indicates to the console, following a
hardware error, that the instfuction in execution had entered a region
of microcode which precluded instruction retry. Allow retry is set on
at Clock 3 of Last Cycle. (dest CRAG, INXC)

2.7.2.3 BLOCK STEP (source SCAH) -

Signal to the IBOX which will prevent the loading of a new SELI upon
the occurance of the next Last Cycle, causing EBOX to remain in the
current SELI. This allows instruction execution microcode at EBOX to
be entered at the start of an instruction following the handling of
setup due to page fail traps, the “execute’ instruction, etc. (dest
CRAF, CFL)

2+7:2.4 CLR JREAL (source SCAH) -

Causes the clear of tha Jump keal latch at IDLI. fFor certain
instructions, ISET (IOL) in 1lst cycle is not capable 0f determining
the true status of the Jump Real latch. 1In these cases, ISET will set
JUMP REAL on unconditionally. Later, when the EBOX has determined the
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true state of the jump, CLR JREAL is used to clear the Jump Real latch
if needed. (dest CFL)

2.7.2.5 COMP 8¢, 29 (source MVES) -

COMP 92 is the "and” of SEL 0Pl bit ¢#% and SEL OP2 bit #8., COMP 29 {is
the <“and” of SEL 0P} bit 29 and SEL 0OP2 bit 29« The *and® of the two
bits is gated to IBOX jump determination logic if the EBOX microcode
R/ Y REG RD field selects the COMPARE BUS into the R MUX. (dest IDLI)

2.7.2.6 COsP B1-48, 12-17, 18-26, 27-35 EQ (source MVEM) -

The equal result of a compare of the COMP BUS to #, -1, or +l. These
signals are sent to IBOX jump determination logic. The value being
compared against is determined by the EBOX microcode COMP field.
(dest IDLI)

267427 COMP 21-28, 10-17, 18-26, 27-35 & (source HVEM) -

These signals denote that a segment of the COMP BUS 1is greater than
the wvalue 2, -1, or +l. They are sent to IRJX jump determination
logic. The value Deing compared against is determined by the EBOX
microcode COMP field. (dest IDLI) hl3 COMP #1-88, 18-17, 18-26, 27-35
LS (source MVEM)

These signals denote that a segment of the COMP BUS is less than the

value -1 or +1, as determined by the EBOX microcode COMP field. They
are sent to IBOX Jjump determination logic. (dest IDLI)

2.7.2.8 DIAG SH PAS A (source IDRM) -
¥hen high, the passive scan paths of the CPU are in serial shift mode.

when 1low, the passive scan patns are in parallel load mode. (dest
CRAA, IDRM, MID1)

27:2.9 EBJX AC 49:12 (source CFL) -

The AC field of the instruction currently in execution by the EBOX.
(dest SCAl, MIDC, CRAG)
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2.7.2.18 EBOX EACALC (source CFL) -

Causes an IBOX trap to the EBOX microcode in the 1st cycle of a new
EBOX instructione. Also is used as a branch input to EBOX microcode,
indicating that the IBOX was unable to perform the <correct effective
address calculation. (dest CRAG)

2.7+2.11 EBOX NO JUMP (source SCABR) -

For FLAG FLD decode 1%, is an indication that none of the flags CRY®,
0V, CRY1, or FOV were cleared. It goes via CFL to IDLI where the JUMP
REAL latch is resete. (dest CFL)

272412 EBOX XR 14:17 (source CFfL) -

The index register field of the instruction currently 1in execution,
It is valid during an E80X routine at the IBOX. (dest SCA3)

207¢2.13 FORCE 15T TO CRA, ESE (source INXG) -

Signal from IBUX that indicates tnat the [8#0Y¥ has not completed the
prefatch of information necessary for the ¥F30X to eXecute the
instruction. Causes ESE and CRA to hold in 1st cycle, while blocking
destructive stores that may be issuing from the EBUX control store.
(dest CRAH, ESEK)

2.7.2.14 FORCE 1ST TO SCA (source CFL Vvia CPRAH) -

Force 15t will prevent the update of flags on SCA, and control the the
setting of O0ODD and EVEN CYCLE 1latches at ESE and CRA. Force 1st
indicates that the instruction is not valid, that the 1IBDX not yet
completed the prefetch of information necessary for the EBOX to
execute the current instruction. (dest SCA7)

2.7+2.15 GLOBAL A (source CFL) -

This indicator is set by the initial EACALC that the IBOX performs on
an instruction. It may be changed under microcode control between the
time of the 1st FACALC and EBQOX execution. It is selected {into the
GLOBAL signal to MVL for operation in carry control ilogic of the main
ALU., See EBOX MICRUCUDE CONTROL SPECIFICATION under “CARRY CONTROL”.
(dest CRAH)
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2.7.2.16 1,0P2,0P3 PF (source MID3) -

A trap to the EBOX microcode at 1st cycle, and branch input to EBOX
microcode next address, indicating that a page fail has occurred on an
IBOX prefetch of instruction or data for the current SELI. {dest
CRAG)

2.7.2.17 1BOX RESPONSE (source ISQ) -

Branch input to EBOX next address, from 1IBO0OX microcode special
function., (dest CRAG)

2.7.2.18 INCREM TBC (source MIDB) -

1 micro-second interval signal which is synchronized to the CPU clocks
by logic on MID. This signal causes the Time Base Counter update by
+1. (dest SCAR)

2.7.2.19 INDIRECT {(source MID2) -

A trap to E30X microcode at 1st cycle, and a subsequent branch 1input
to EBDX mnicrocode next address, indicating that the instruction®s
indirect bit (13) is on. (dest CRAG)

2.7.2.2¢ INSN CODE 2:8, P#-8 (source IDLE) -

Instruction code of the next instruction to be executed in the EBOX.
During last cycle it addresses the ESE fast rams for access of the 1st
cycle”s microword. Also during last cycle it is latched and held at
CRA for access of the 2nd microcycle”s control word. (dest ESEl)

2e7¢2.21 INT TIM #1 (source #IDB) -

14 micro—-second interval signal which 1is synchronized to the CPU
clocks by logic on dID. Thilis signal causes the update of the Interval
Timer. (dest SCAB8)

2672422 L pUS (source MVED, £, F) -

The L RBUS is the 36 bit result data path of the E€B0OX. It is used to
send data to memory or ACs to be stored, to send a memory address and
qualifiers to the IBDX, and to re-circuiate data back through the SHL,
ShHR data paths. It is selected from the ¥ 8US, R BUS, or A BUS, under
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EBOX L and RF control bits. (hi dest=SHLJ, SHRJ, FPA, 1lo dest=IDLA,
1DRG, MDPN)

2.7.2.23 MAGIC NUM 14:17 (source SCA2) -

# FIELD bits used to increment the OPZ AC Address by required offset.
See EBOX MICROCODE CONTROL SPECIFICATION under “WR CTRL®. (dest CFL)

2.7.2.24 MVL, MVR ALU ERR (source MVEL) -

Indicates that the propagates and generates of the duplicate ALUs were
not eqgual. Once set, it will hold until CLEAR ERRS is issued under
diagnostic control. It is also latched and held at the register
inputs to the FRU logic at MID. Providing no other higher priority
failure has occurred at the same time, ALU ERR will set an FRU code
indicating an MVE failure. (dest MID1)

2.7e2425 MVL, MVR BACKUP ERR (source MVer) -

Indicates that bad parity was detected at the output of the MAC backup
RAMs during a non-write cycles. (dest CFL)

2.7.2.26 MVL, MVR INPUT ERR (source MVEK) -

Indicates that bad parity was detected at SEL DP1 or SEL OP2, It will
cause a freeze of the SEL 0OP1, SEL DP2 latches and ALU outputs. It is
latched and held at the register inputs to the FRU logic at MID. If
an X BUS, Y BUS or 0OP2 BUS, or other higher priority failure has not
occurred at the same time, the FRU code will indicate an MVE failure,
(dest MID1)

2.72.27 MYL, MVR OUTPUT ERR (source MVEK) -

Indicates that bad parity was detected on the L BUS. It will cause a
freeze of the L BUS by hlocking further clocks to the L MUX. It will
also block writes to the MAC backup RAMs. It is sent to MID where 1t
is latched and held at the register 1inputs to the FRU logic.
Providing no other higher priority failure has occurred at the same
time, the FRU code will indicate an MyE failure. (dest MIDI)
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2.7.2.28 PCU/USER I0 FLAG {(source SCAG) -
PCU/USER I0 FLAG goes to CRA for next address hranching: to MID for

control of previous context memory access and determination of VMA #5.
{dest CRAI, MIDC)

2.7.2.29 USFR FLAG (source SCAG) -

USER FLAG to EBOX next address dispatch at CRA, and to previous
context memory access selection and VMA 85 at MID. (dest CRAI, MIDC)

2.8 EBOX INTERFACE TO THE 10P
2.8.1 Inputs To EBOX From IQOP
2.8-1»1 CSL “TTN (SOU!‘CE {Dp) -

Interrupt from the console which enters the CPU as APR FLAG 2. (dest
SCAI)

PR |
%
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5 T3 CPU {(source I3P) -

Interrupt levels 1 through 5 from the I0 PORTS. (dest SCAA)

2.8.1.3 PWR FAIL (source I0P) =-

Indication of an AC power failure presented as an interrupt via APR
FLAG 3. (dest SCAI)

28.2 Outputs To I0P From EBOX
2.8.2.1 ECL BROADCAST (source SCAH) -

IU KRegister bit 31 loaded by SPFN LDI3O, to I0 PORTS. See EBO3X
MICROCODE CONTRUL SPECIFICATION under “SP FUNCTION, LD ID" (dest 10P)

2.R,2,2 FECL CTRL #:1 FNC (source SCAH) -

I0 Kegister bits 28:29 loaded by SPFN LDIO, to IU POUOKTS. See EBDX
MICROCODE CONTROL SPECIFICATION undcdar °SP FUNCTION, LD ID*". (dest
16P)
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2¢8+42.3 ECL S SEL ©¥2:3 (source SCAH) -
10 Register bits 32:35 loaded by SPFN LDIO, to I0 PORTS. See EBNX

MICROCODE CONTROL SPECIFICATION under "SP FUNCTION, LD ID°. (dest
10P)

2.8.2.4 RESET FROM CPU (source SCAH) -

I0 REG bit 32 loaded by SPFN LDPI to I0 PORTS. See EBOX MICROCODE
CONTROL SPECIFICATION under “SP FUNCTION, LDPI”. <{(dest IOP)

2.9 EBUX INTERFACE T0O ™MBOUX
2.9.1 QOutputs From EBDOX To MBOX
2.9.1.1 EN ADR BREAKX (source SCAH) -

Signal from FB80X to MBOX to enable the address break feature during
memory references., (dest MBOX)

2.9.1.2 FORC: PHY (source S3CAH) -

Signal indicating that concurrent EBOX references (o memory are
represented by a pnysical address on the VMA. (dest CAMI)

2.9.1.3 L BUS (source MVED, E, F) =~

The L BUS is the 36 bit result data path of the EBOX. It is used to
send data to memory or ACs to be stored, to send a memory address and
qualifiers to the 180X, and to re-circulate data back through the SHL,
SHR data paths. It is selected from the F BUS, R BUS, or A BUS, under
EBOX L and RF control bits. (hi dest=SHLJ, SHRJ, FPA, 1lo dest=IDLA,
IDRG, MDPN)

2,190 EBOX INTERFACE TO FPA

2.18.1 1Inputs To EBOX From FPA
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2.18.1.1 A 8US 29:35, 4P (source FPA) -

36 bit result word from FPA, (dest MVYEG)

2.18.1.2 FPA RESPIONSE (source FPiA) -

Input to EROX microcode next address branch from FPA.(dest CRAG)

2,14.,1.,3 HOFF UW CLOCXS (source FPA) -

A signal from the FPA which causes the EBJX microcode to hold in a
given microcycle, for use in synchronizing the FPA result on the A BUS
to the EROX acceptance of it. (dest ESET)

2¢.18.2 Outputs From EBUX To FPaA
2.18.2.1 L RUS (source MYED, ®, f) =~

The L BUS is the 36 bit result data path of tne EBOX. It is wused to
send data to memory or ACs to be stored, to send a memory address and
qualifiers to the I50X, and to re-circulate data back through the SHL,
SHR data paths., It is selected from the F BUS, F BUS, or A 8US, under
EBOX L and RF control bits. (hi dest=SHLJ, SHRJ, FPA, 1o dest=IDLA,
IDRG, MDPN)



CHAPTER 3

180X

3.1 GENERAL

The JUPITER IB0X is contained on 4 modules: IDR, IDL, INX and TAG. A
module adjacent to IDR, ~called MID, is wutilized as an IBOX-MBNX
interface, and FRU callout. The primary purpose of the 1IBOX 1is to
prefetch from the MBOX operands and other information necessary for
the execution of instructions by the EBOX, thus eliminating much of
the delay penalty usually associated with cache and memory accesses.
1t serves as the intecrface petween tne EplX and the Mbux for ali
memory reads and writes. Although the JUPITER 1IBOX prefetches
instructions in a pipeline fashion, it is a microcode controlled unit,
and as such provides much flexibility in arriving at algorithms uyhich
provide maximum throughput with minimnum hardware cost. The TAG system
unigue to the JUPITER allows multiple, simultaneous access of the MBOX
by the IBOX without the part count or conflict owverhead usually
associated with a hard-wired pipeline structurs.
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3.2 IDL,IDk #DODULES {(CPU BACKPANEL SLOTS 11,12)
3.2.1 IDL,IDPR Functionality

3.2.1.1 Memory Address Path - The memory address path is located on
the IDL and IDR modules. It°s output is the ¥MA (virtual memory
address) bus, a 34 bit bus which is used for any of four types of
accesses: a) program counter to read memory, b) instruction stream
prefetch to read memory, c) effective address calculation to read or
Write memory, and d) direct address, address+l, or address+2 from EBOX
or INDEX AC to read or Write memory.

3e2e1.2 Index AC - A copy of the current AC set is maintainad on 1IDL
and IDK, and is updated from the L BUS each time the EBOX stores into
its current AC set or loads a new set from the MASTER AC blocke. This
AC set is used primarily for EACALCs, where the indeX reg is added to
the ¥ portion of the instruction (bits 18:35), according to the
algorithm described on page 1-22 of the hardware reference manual. It
is also used for the memory address determination of the stack
instructions PUSH, POP, and PUSHJ.

3.2.1.3 EA ALU - The EA ALU produces a 32 bit binary add, add+1l, or
add+2 in 22nse. During instruction stream prafetcining, the EA ALY is
used as tne incrementer of the stream addresses, «ith the value 1
forced into the E2 MUX and the output of the stream buffer (via VMA)
routed in to the E1 MUX. In this mode, with a forced carry in, the EA
ALU adds 2 to the instruction address to arrive at the next doubleword
instruction address boundary. Instructions are fetched 2 at a time
from the ™ BOX from a single VMA address. The results of the stream
update are stored in the I STR buffer in addition to being sent to the
M BOX over the VYMA bus. T stream updates by the EA ALU affect only
bits 18:35 of the VMA. Rits 6:17 come from thne PC.

when an instructlion arrives at the IBUOX, a request is made to the IPUT
microcode to initiate an EACALC. Provided that the IBDX is not busy
with another priority request (such as a command from EBOX), it will
initiate an FACALC as a function of the INDEX AC value and the ¥
portion of the instruction. The results of the FACALC are stored 1in
the EA Buffer, and then sent to the VMA bus for a memory read, to
obtain an operand, or to test for page fail of an address representing
a wWrite destination. If an MBOX read is not required due to the VMA
being an AC address, ABORT CYCLE is sent to the MBOX in the 22ns
period following the EACALC. ABORT CYCLE cancels the last [BOX
request for an MBUX read., If an MBUX read 1is not required in tne
first cycle of the EACALT routine due to P2 not being needed (EARLY
DECODE bit £2), tne request is blocked.

The FA ALU 1s also used to pass an address directly (or +1 or +2) from
the INDEX AC or from the Eg0X L BUS to the VMA bus. Following a read
PC command from the EB0OX the EA ALU is used as a path for the EBOX to
retrieve the value of the PC (via the VMA bus).
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3e2.1.4 I Stream Prefetch - when the PC is loaded after a preset of
the IBOX, all B buffer slots are empty. The PC will be gated onto the
VMA bus to fetch the first instruction. This starting PC value will
be tested for a lo-order bit. If on, the EA ALU will increment the
VMA +#1 to get the next doubleword in the instruction stream. If off,
the TA ALU will increment the VMA +2 to get the next doubleword. Each
instruction address fetched is stored in the I STR Buffer under a
stream address A, B, or C. If no Jjumps are detected in the
instructions coming back, a single stream will be wupdated, and its
most recently addressed location will reside in it®s stream buffer
worde If a jump out of the stream is detected, a second stream is
created, which starts from the the jump target address, is updated and
loaded into that stream®s word in the STR Buffer.

IPUT (instruction prefetching unit) microcode controls the prefetching
of up to 3 separate instruction streams.

3.2.1.5 Conflict Compare - The addresses of both instructions and
operands are subject to possible writes by the EBOX. Therefore,
indexes are kept to determine whether the 9 lo-order bits of the VMA
of a write compare with any instruction addresses or operand addresses
of instructions or operands in the | butfers. It a compare occurs
against the 1index, a request is made to IPUT to refetch the contents
of the conflicting address. Another comparator chaecks the AC stores
against an INDEA REG index, containing INDFX REG values of all 1
Ruffer entries. ILf a conflict occurs here, a request is made to IPUT
to perform an EACALC with the new INDEX AC value, and refetch the
operand.

IBIX contains the PCs of all instructions assigned to the IBOX by IPUT
during stream prefetching. IRIX is written with VMA 18:35 when a
request is sent to the MBOX followed by a TAG whose source (bits4:5)
indicates that the VMA represents an address of a pair of instructions
being prefetched.

IBIX performs not only a 1lo-order 9 bit coampare against the
instruction address of memory writes, but also an 18 bit lo-order
compare against the instruction address of EACALCs resulting from jump
instructions. This compare is used by IPUT in determining whether or
not a new stream should be created (if a jump target address resides
in the I Buffers, no new stream is created).

3.2.1.6 Memory Operand Path - The IBOX prefetches/precalculates the
operands associated with all instructions assigned to the IBOX by
IFUT. In the case of immediate operands, the %A Buffer will be loaded
with the effective address calculation,sand a selection is made in the
first cycle of ESOX execution at the UP2 MUX of the immediate value,
whether it be directly from the EA MUX, or froam the EA Buffer. 1In the
case of memory operands, IPUT will, once EACALC has been performed,
send the EACALC to the MBOX wvia the VMA BUS, along with a tag
ijdentifying the 0P Buffer slot into which returning data «ill »De
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written. If the EBOX is in the wait loop (waiting for operand valid
bits) when the operand arrives at the IBOX from the ™B0OX, 0P2 MUX
selects the MD MUX. If the 0OP2 valid bit is on, the 0OP2 MUX selects
the 0OP2 Buffer.

3.2.1.7 O0OP2 Buffer - The OP2 Ruffer is a 16 word register file which
is represents the contents of the locations addressed by EACALCs of up
to 16 instructions. The 0P2 Buffer is read 22ns prior to the start of
execution by the EBOX and is gated on to the 0P2 bus if the
instruction does not require an immediate operand (0OP2 is the 2nd
operand of an instruction, whereas 0Pl, the word addressed by the AC
field , is the 1st operand of an instruction).

The OP2 Buffer may be loaded from the MD BUS wunder control of a
returning tag whose source bits 4:5 identify an operand fetch or
refetchs It is read by SEL I , a 4 bit value which identifies the
buffer position of the naxt instruction to be axecuted.

3.2.1.8 EA Buffer - The EA Buffer is a 16 word register file which is
loadeud witi the LACALCs {(or ian tne case of STACK instructions tpe
address AC or AC+1l) of up to 16 instructionse. It is written wunder
control of a tag out of the TAG Buffer. The TAG Buffer is written
with the lo-order 4 bits of a re- turning tag if the 3 hi-order bits
of the tag identify an instruction fetch or refetch (the TAG Buffer is
written by a counter which is then incremented+l, and read by another
counter which also incremented +1; counters not equal cause a request
to IPUT microcode to initiate an EACALC).

The EA Buffer is read by SEL I, 22ns prior to actual execution of the
instruction in the EBOX. It®s output will be gated to the QP2 BUS if
the instruction requires an immediate operand.

3.2.2 Error And Diagnostic Control

3.2.2.1 Address Path Error Control - Parity is checked at the inputs
of the EA ALU., Parity is generated at the output of the E£A MUX . One
bit parity per 9 data bits is carried for bytes 1, 2, and 3 of the
memory address path; one parity bpit is carried for bits 6:8 (address
byte é). The memory address path within the IBUOX consists of IBIX,
STR Buffer, FA Buffer, EA MUX, VMA, and E1 MUX. Duplicate copies of
the EA ALU are compared against one another as an integrity check of
thie EA ALU operation,
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3.2.2.2 Address Path Diagnostic Control - A passive scan reg for the
PC is kept on IDL and IDR. 1In order to obtain the current PC (PC of
the next instruction going to the £30X), the console must intertupt
the IPUT microcode and force it into a routine which will issue a load
PC scan micro-order. The PC scan register will then be 1loaded from
the PC section reg (IDL) and IB8IX (IDR).

3.2+2.3 Data Path Error Control - The 0OP2 BUS is parity checked as it
leaves IDL and 1IDR. If bad parity is detected, the contents of the
DP2 bus are frozen in the OP2 SCAN REG and one of the two 0P2 ERR
latches are set (IDL or IDR) at CLX #. The IBOX data path carries a
parity bit for each 9 bits of data, and consists of the L3 B8US, L3
REG, E1 MUX, D MUX, 0OP2 Buffer, OP2 MUX, and JP2 ACTIVE SCAN REG.

A flag received from MROX is stored in the 0P Buffer signifying a page
failure. This flag, when the 0P Buffer is read to be gated onto the
OP2 BUS will cause a page fail trap to occur if the EBOX 1last cycle
bit is on. During long instructions where aemory is read in cycles
other than first cycle (last cycle delayed 22ns), the EBOX microcode
will branch on a dispatch of a TAG returning whose source code
indicates an EBOX operation, and a separate signal froa MBO X
indicating page tadil.

3.2.2.4 Lata Path Diagnostic Control - The 0OP2 RUS has an active scan
register which is «clocked every cycle, and is held if an error is
detected on the bus. The L3 REG, which may be selected into the MD
MUX, the I[NDEX AC, or the F2 MUX, is also in the active scan path.
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