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1.1 SUMMARY OF CHARACTERISTICS

The Space Shuttle Central Processor Unjt is a General-Purpose Digital Computer

The Central Processor Unjt (CPU) provides real-time data processing.

The CPU is microprogram-controlled
and provides 32-bit, parallel data flow,
floating point arithmetic, and 40, 960 36~
bit words of core main Storage in a single

. LRU (line repla.eea.ble_uhit). The process-

ing capability is 480, 000 operations per
Second based on a typical distribution of
Instructions, The instruction repertoire
includes short- and extended-precision
floating point, conversion, input/output,
fixed point, shifting, and logic operationg,

The modular memory consists of plug-
gable modules containing 8192 18-pjt
halfwords, The failure of any module ig
detectable by self-test and built-in test
hardware,

During periods of time when the CPU jg

operating below itg Processing capacity,
power=-switching places the memory in a
low-power, quiescent mode when the mem-
ory is not addressed.

Support software and hardware features,
such as halfword Storage protect and inter-

rupt masking, provide aidg for debugging
of software, .

75-A97-001 ! 1-?,

CPU CHARAC TERISTICS
Machine Organization
Type Genera.l—purposa.. stored-
program, parallel, general
register
Organization Fixed-point, binary, fractional
Floating-point, hexadecimal
fraction
Data Flow 32-bit, parallel
Control Structure Mici-oprogrsmmed
Instructon Word 16-bit and 32-hit
Lengths
Fixed-Point Data | 16-bit ang 32-bit
Word Lengths ; ;
Fleating-Point 32-bit and 64-bit
Data Word
I
General Registers Two selectable setg of eight
(3 sets) 32-bit hardware registers
for fixed-point operations;
one set of eight 32-bit
hardware registers for
floating~point operations
Number of 154 total
Instructions
Addressing Modes Base plus diaplacement. in-
dexed, Indirect, relative,
extended, immediate ang
indirect address pointer
Addreaad.ng Halfword resolution, 524,288
Capability capacity
Interrupt 35 Interrupts, organized into
Structure 19 priority levels and five

clasges
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CPU CHARACTERISITCS (cont)

Average Instruction Execution Times (us)

Input/Output (cont)

-

Register- Storage-
to to
Register ~ Register
Fixed-Point:
Add 1.2 1.8
Multiply 5.2 5.6
" Divide 8.8 9.4
Floating-Point: :
Add (Short Operand) 2.8 3.0
Multiply —I_ 6.4 6.6
Divide 9.8 10.0
Main Storage
Type Random access, destructive
readout (DRO) ferrite mag-
netic core, nonvolatile
Organization: 2-1/2 D
Capacity: 40,096 36-bit words, (32
data bits, 2 parity bits, 2
store protect bits). Up to
262, 144 words with external
main storage units ;
Modularity: 8,192 36-bit words (2 plug-

Cycle Time:

gable modules)

800-ns read/write; 1.2 ps
min. read/modify/write

Data Rates:

Operating
Modes:

External
Interrupts:

Discretes:
Real-Time

Clocks:

770,000 full words/s max
input (burst mode) and
625, 000 full words/s max
input (normal mode)

Program-controlled
direct 1/0, externally
controlled DMA I/0

5 levels

4 outputs

Two 4295-second, with
1-4s resolution

Power System

Primary
Power:

Regulated DC
Output:

Features:

28 VDC

+5, =5, +12 VDC

Overvoltage, undervoltage,
and overcurrent protection:
power transient protection:
bower sequencing

Physical Characteristics

. - : Weight: 57.9 1b (40K 36-bit words
Access Time: 375 ns. o malx storage)
A‘:Ii‘i'zs‘“ble S it e Size: Height 7. 62, width 10.12,
* depth 19. 56 inches (full ATR)
Features: Power transient protection, 3 3
power switching, tempera- Volume.. 0.87 ft
ture compensation, halfword Power: 350 W (50% memory duty
* parity, halfword storage . cyele, 40K main storage,
protect, interchangeable 50% ones, 2 pages operate,
modules 2 pages standby, 6 pages .
quiescent) 2K x 48-bit
Imput ut ;
/Outp . PROM and 72% PS efficiency
O Channel
W Construction: Plug~-in modulesg
Type: Microprogram nirolled,
multh::orge fulI:v:rd half- Cooling: Indirect air conductive, op-
dplex : S tional blower available
Word Length: 32 bits + parity (2) + Environment: : Designed to meet MC 615-
store p ct (2) 0001 requirements
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2.1 ADDRESSING

Sixteen-Bit Address with Expansion Capability

Address field provides 64K halfword addresses with expansion to 512K hal ﬂvards, >

The 16-bit address provides 64K half-
word addresses. The addressing range is
extended to 512K halfword locations by
using PSW bits, 5

Address expansion to 19 bits is achieved

- by replacing the high-order bit of a 16~bit

address with 4 bits, as shown below. Data
operand addresses are extended to 19 bits
by specifying either a 4-bit data sector
register or an implied data sector register,
When the high-order bit of a 16-bit data
address is 1, a 4-bit data sector register

(PSW bits 28 through 31) is selected to re-

START :

place the high-order bit. When the high-
order bit of a 16-bit data address is a o,
an implied data sector register containing
0000 is selected. Note that indirect ad-
dressing locates the indirect address
pointer as if the pointer were a data
operand. Branch addresses are extended
to 19 bits in an equivalent manner, When
the high-order bit of a 16-bit branch ad-
dress is a 1, a 4-bit branch sector regis-
ter (PSW bits 24 through 27) is selected to
replace the high-order bit, When the high-
order bit is a 0, an implied branch sector
register containing 0000 is selected,

16-Bit Operand Address 16-Bit Branch Address
XYYYYYYYYYYYYYYY XYYYYYYYYYYYYYYY
3 0/1" =4 );\ 1
e 3 3 TN |

| zzzz <— o000 | 2

| zzzz <~psw 2427)

Expanded 19-Bit EA
ZZZZYYYYYYYYYYWYYJ

Data Operand Addressing Expansion

2
L_zz2z *=rpsw 54] [ zzzze=—o0000 |
] _ B

Expended 10-8it Branch Address
ZZZEYYYYYYYYYYYYYYY

|

Branch Add-essing Expansion

Expanded Addressing

2-2
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2.2 DATA FORMATS
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Flexible Formats Improve Storage Efficiency and Performance

Fixed-point data forms are halfward (16 bits) or fullword (32 bits), while floating-point formats are 32
bits and 64 bits, providing the equivalent of 6.2 and 15.5 decimal digits of precision, respectively.

Fixed-point data representation is two's-
complement~-fractional with the binary point
immediately to the right of the sign bit, A
halfword is 15 bits plus sign; a fullword is
31 bits plus sign. In fractional data repre-
sentation, bit position 1 represents the
fraction 2-1, bit position 2 represents 272,
and bit position 31 represents 2-31, Fixed-
point operands may be located on any half-
word boundary.

The floating-point data formats are 32
bits and 64 bits long, differing only in the
size of the fraction, The 32-bit length pro-
vides sign plus 24 bits of fraction (6 hexa-
decimal digits), equivalent to 6,2 decimal
digits, The 64-bit length provides sign
plus 56 bits of fraction (14 hexadecimal
digits), equivalent to 15. 6 decimal digits,
In both lengths, bit position 0 is the sign of
the fraction, Bit positions 1 through 7 of
both formats constitute the exponent, which
represents a hexadecimal (16) power and is
expressed in excess 64 notation,

The value of a*floating~point number ia
given by the product of the fractlon times
the power of 16 exponent. Since the ex-
ponent represents a hexadecimal base, the

01

floating-point fractions are he}—mdac[ma.lly
normalized; l.e., a normalized fractlon
has a nonzero hexadecimal digit In the first
four bits of the’ fraction. Maximum pre-
cision is preserved in addltlon, subtractlon,
multiplleation, and division, because all
results are normalized,

The exponent field represents numbers
from 0 through 127. To accommodate
positive and negative exponents, the true
exponent is determined by subtracting 64
from the value shown in the exponent field,
This use of excess 64 notation permits an
exponent range of -64 through +63 and a
range of magnitude for normalized floating-
point data of =

e In short precision
167652 M= (1-1676) x 1662
o In long precision
16-65 < M=(1 - 16710) x 1663
e Thus, glving a ran Bge of approxi-
mately 5.4 x 10-79 sM<7.2 x 1079
The hexadecimal notation provides im-
proved performance through shifting pre-
and post-normalization operations four
bits at a time,
15 Key:

Halfword Operand |S| MSB

&

01

LsB S -sign bit

LSB - leatt »qn.rinm bit
& -fractional binary point

31

Fullword Operand ls Msg IjBl

&

a. Fixed-Point Operand Formals

Short Operand lL EIDON I M58 Fraction Lsal
LIt bttt

A

a1 78

Long Operand l I Eamncnl

L1l |1|1111|1|1|||||||S§|_|_|_1_|_]

b. Fbullngvpomt Operand Formats

Dara Forms

2-3
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s . o ; ' 23 INSTRUCTION FORMATS X i

a5 78 11213 s X
L 3 e s L Five Formats Pravide Storage Efficiency and Speed
I T MU L3 B ; 5 : ¢
Twa 16-hit formats permit storage effiency. while threg 32-bit formats enhance execution speed and
provide . xtensive addressing flexibility. :
51:!5 i 78 131415
s = Note: The instruction formats discussed
u | . SP -+ (B) T 5 PEA
& i thia® =2 :.:::‘:'3 &P:u’: s :;’I‘SE'I T ) . : in this section are illustrated on
L1t 1 | I I 1 fold-out sheets (see page 2-8) for ~ g ]J]lltljlllll]
* Displacements ol the form 111 xxx are vt valid ease of reference during the fol- 3 B
RS Format lowing discussions, Haliward [Direct from index Ragister
'] 45 78 1112 131415 16 ar - i Bits 0~15)
= - The short Register-to-Register (RR) and- | ] | I 111} | ] i | ] | ]
op A1 p[Al B2 Address Specilication Short Register-to-Storage (SRS) formats Sy 3
0 0 I LI T 3 e SN T Y I I A A minimize the amount of instruction storage
required for a given problem, In addition, PEA + Index
15 ¥ 2 a two short instructions ean be read from : HEEN L1111 ] i
- storage with one storage access. RR for- 5 T EA
e {5 Diphesment mat instructions execute operations when 8. Halfword Index Alignment
| T Y I Y I O IR | both operands are in general registers; this ;
format has the shortest execution times The fullword Re gister-to-Storage (RS)
6 18192021 £ a since no storage access is required for Tormat han bio BB e Bl Shetatn T s
- operands, The SRS format executes opera- : Pe :
] tions when one operand is in a general Papded acdrensiug (RS bit 135 ) sud In-
AWM =1 Indexed: x| Displacernent pe E dexed addressing (RS bit 13 = 1). Extended
11 N I register and the other is in storage, The A
addressing provides a full 16-bit address
SRS format is limited to addressing storage
3 displacement, either used as the absolute
Rl Format locations that are 56 or less fullword or Serand addvess hn added th the atlisas B
u S8 LB RS Sl A halfword locations from the address in a it 2 2 ;
a bhase register. Indexed addressing pro-
G g = - base register. The assembler automat- vides an 11-bit address displacement
p OPX. Immediate Data A 3 '
I T SN ) T 0 T I icilly uti?fﬂ;: halj‘-\f'ord :inisth Sﬁfffﬂ::ﬂt The Register Immediate (RI) and Storage
?;‘eesfo amm::r CEnAv . SpeLitER DY Immediate (SI) instruction formats execute
SiFown 23T a progri 2 : operations where the first operand is con-
Indexed Addressing tained in the instruction, The second
| op l opx I Df. | o l ipese pay Indexed addressing is specified by RS operand is in a general register for the RI
- m— - - L i1l I S G G A | 0 I N 1 ) 1 T | format bit 13 equal to 1, This addressing format and in main storage for the SI for-
* Displacements of farm 111 xxx are not mode contains three additional instruction mat. An operand fetch operation is elimi-
Instruction Field on fields which contribute to address genera- nated by using immediate instructions,

Op - 5bit field defines an operation, or the class of an operation, tion as follows:

10 be performed by the CPU* i X This 3-bit field specifies one of seven
OB eamaxiarizof At Oy fiekd general registers containing the index, o
R = 3bit field desi e3 the regis ining the fis
. ; operand; .m‘;i'.‘:,‘w;;?:ﬁ.fﬁfﬂi".?!nzn'ﬁ;.,, Indexing is not performed when X is 111 SEREEEE I |
the result usually replaces the first operand equal to 000. An index is contained in L1111 Ll
A2~ - 3-bit lield appears in. the Hﬂuf'l.t'\ format, used 1o the uppel' halfword of a g’Eueral I‘Eg‘lsler. 0 156
speely a general register containing the second operand. — ~
B2~ 2bit lield specifies the register containing the base sddress The index is automatically aligned with Fullword I:imd R:::u‘r' Bits 0—1
X~ 3:bit field specilies one of seven general registers that contains. 1 the preliminary effective address
the index value; the number of the general register spcified (PEA). l l 1 I I I 1 I 1 | I ] l o
i he v; in i 2 X =000,
.:n‘ihnde“xn:.lli:ela; :::.nlu::: Skl General register contents can be used hid
1A= inglewct sdreaing Lit; winena kngal 71, speci [ indyrace interchangeably as either a base or an B
= 7 ::;::":‘ 2 ':ﬁf m:m’“::::::;”;';:mm index or both. When indirect addressing .
g -dd-esaing'.mdu' : is specified, indexing follows indirect nl AN IIE “EA
{nstruction Formats addressing. b. Fullword Index Alignment

75-A87-001 2-4
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Double Word (Index Register Bits 0—15
Shifted Left 2)
llllilllltlllloo
131415
PEA+Imhx-A
EERE R B o o
; 15

¢ Doubile Worc_l Index Alignment -

IA This format bit, when a one, specifies
indirect addressing. Indirect address-
ing is not performed when this bit is
Zero.

I This format bit, in conjunction with X

and A, specifies various address modes

which are explained below,

The development of the EA for the in-
dexed mode of operand addressing is ex-
plained in detail in the subsequent steps:
1) Indexed addressing is specified by RS

format bit 13 (AM) equal to 1. This

addressing mode provides an 11-bit dis-

placement. The base and displacement
_are aligned when indexed addressing is
performed,

V

oolojo]o |||u||m
16 20 21,
S e dUR T,

Displacement Alignment for Indexed Addressing

The displacement is aligned so that bit
31 corresponds to base or index bit 15
and displacement bit 21 corresponds to
base or index bit 5. The displacement

2-5

2

—

is expanded to 16 bits by appending five
leading zeros.

If B is not equal to 11, the 16-bit base,
contained in the high order half of the
specified register, is added to the aligned
displacement, This results in a pre-
liminary effective address (PEA) where-
by the PEA = (B) + Displacement,

If B = 11, the aligned displacement is
added to zero. This result is the pre-

' liminary effective address (PEA), where-

3)

4)

9)

6_)

by the PEA = Displacement,

If the X field is all zeros, IA (bit 19) is
a zero and I (bit 20) is a zero, then the
16-bit result of Step 2 is added to the
contents of the instruction counter (IC)
to form the 16-bit EA whereby EA =IC +
PEA. (This EA is then expanded to a
19-bit EA.)

If the X field is all zeros, -IA (bit 19) is
a zero and I (bit 20) is a one, the 16-bit
result of Step 2 is subtracted from the
contents of the IC to form the 16-bit EA
whereby EA = IC - PEA, (This EA is
then expanded to a 19-bit EA.)

If the X field is all zeros, IA (bit 19) is
a one and I (bit 20) is a zero, then In-
direct Addressing is performed, The
16-bit result of Step 2 is expanded to a
19-bit address and is used as the ad-
dress of a main-storage halfword. This
halfword is then fetched and expanded to
19-bits by using expanded addressing to
form the EA, EA =MS (PEA). Func-
tional equivalency to preindexing capa-
bility can be obtained through modifica-
tion of the base,

If the X field is all zeros, IA (bit 19) is
a one and I (bit 20) is a one, Indirect
Addressing is performed as described
in Step 5. Then, storage modification

is automatically performed. The in-
direct address is contained in a full word
and must have an even address, A modi-
fier is contained in bits 16 through 31,
An address is contained in bits 0 through
15. The modifier is added to the address
and the resulting modified address re-
places bits 0 through 15,

75-A97-001
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Address:

Medifier

LR EE R R

0

16 16

LEEEELFEELRERLL

Modified Address = MS (PEA) <@#——— MS (PEA) + MS (PEA +1)

. The Contents of Storage Modification Word

7) If the X field is not all zeros, IA (bit 19)
is a zero and I (bit 20) is a zero, the most
significant 16-bits of the general regis-
ters specified by the X field are aligned,
and then added to the 16-bit result of
Step 2 to form the 16-bit EA. (This EA
is then expanded to a 19-bit EA.)

8) If the X field is not all zeros, IA (bit 19)
is a zero and I (bit 20) is a one,. the most
significant 16 bits of the general register

specified by the X field are aligned, and
then added to the 16-bit result of Step 2
to form: the 16-bit. EA. (This EA is then
expanded to a 19-bit EA.)

The figure below illustrates the address
and modifier format in the index register.
The modifier is added to:the address and
the resulting modified address replaces
bits 0 through 15 of index register after
the EA is determined.

Address

G i A 8 8 8 L

Modifier

51 s 0 0 2 A 3 1 0

15 16 31

Modified Address = (Xbo_15 - (x)0,15 +(X) 1631

The Contents of Index Register X

9) If the X field is not all zeros, IA (bit 19)
is a one and I (bit 20) is a zero, Indirect
Addressing (IA) with post-indexing is
performed. The 16-bit result of Step 2
is expanded to a 19-bit address and is
used to fetch a main-storage halfword.
The index contained in the general regis-
ter by X is aligned and then added to the
fetched halfword to form the 16-bit EA.
This EA is then expanded to a 19-bit EA
by using expanded addressing. Func-

tional equivalency to preindexing capa-
bility can be obtained through modifica-
tion of the base.

10) If the X field is not all zeros, IA (bit
19) is a one and I (bit 20) is a one, a
direct addressing mode is defined using
a 32-bit fullword indirect pointer as
follows:

a) First, the PEA from Step 2 must
locate a fullword indirect address
pointer, with the format as follows:

Address

058 4 o ] O

Reserved g ot B BSR DSR

o 1 15 16

Field

c| |s|p
ofojojo A 5 ] L
19.20 21 22 23 24 27 8 31

Function

XC
c

CB
CcD

Index Control
Control

Control BSR Usage
Control DSR Usage

Fullword Indirect Address Pointer

75-A97-001
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b) If C (bit 21) equals 0, XC (bit 20)

C,

~

equals 1, and the instruction is not

a branch type instruction, the 19-bit
EA equals the 4-bit DSR with the 15-
bit address field appended, When C
(bit 21) equals 0, XC (bit 20) equals
0, and the instruction is not a branch
type instruction, the 19-bit EA equals
the 4-bit DSR with the 15-bit address
field appended, with the result added
to the index value in indexing register
X. The current PSW's DSR is not
changed, If C (bit 21) equals 0 and
the instruction is a branch type in-
struction, the current PSW's BSR in
conjunction with IA pointer bits 0
through 15 will be used to form the
BA, If XC =0, postindexing will occur,
If C (bit 21) equals 1 and the instrue-
tion is a branch type instruction, the
BSR and DSR fields may selectively
replace the corresponding fields in the
current PSW, based on the CB and CD
bit values as follows:

CB CD Result

0 0 Use current PSW's BSR to
form the BA. :

0 1 Replace the current PSW's

" DSR with this DSR. Form
the BA normally,

1 0 Replace the current PSW's
BSR with this BSR before
forming the BA,

1 1 Tirst, replace the current

PSW's DSR with this DSR,
Then, replace the current
PSW's BSR with this BSR
before forming the BA.

Shegoad 80 S

d) When C (bit 21) equals 1 and XC (bit
20) equals 1, postindexing is not per-
formed, When C (bit 21) equals 1 and
XC (bit 20) equals 0, the BA calcula-
tion includes a final addition of the in-
dex value in index registers X, If C
(bit 21) equals 1 and the instruction is
not a branch, the 19-bit EA equals the
current PSW's DSR and the 15-bit
field appended. If XC = 0, postin-
dexing will occur,

The results of indexed mode RS opera-
tions normally replace the first operand
except for store operation where the first
operand replaces the second operand. The
second operand is unaltered for nonstore
operations, and the first operand is un-
altered for store operation.

Effective address generations for the
various instruction formats are sum-
marized in the EA summary chart,

o —

EFFECTIVE ADDRESS GENERATION SUMMARY CHART

RS Format
Bns & Extended Indexed Addressing (AM=1)
‘ormats
Addressing =iy
(AM=0) 1A° 1 X=000 X=000
PEA=(T}: DISP
BAIL EA=(B)+DISP | EA=(D)+DISP 0 0 | EA-IC+PEA EA=(K)?_151PEA
0 1 EA=IC-PEA EA=(X)g_15*PEA
1 0 | EA-MS(PEA) EA=MS(PEA) (X)g_15
EA=MS(PEA)*+ | EA=MS(PEA)***+(X)g.5
; PEA=DISP :
B=11 | EA=(B)*DISP | EA=DISP 0 0 | EA=IC+PEA EA={X)p-15+FEA
0 1 | EA=1C-PEA EA=(X)§_15' PEA
1 [ EA=MS(PEA) EA=MS(PEAM-(X)g-15
1 1 EA=MS(PEA}** | EA=MS{PEA)***+(X)g.15

Deflinitions

EA
PEA
(RN)
RN

(B

B

MS( )
DISP

X
Xlo-15

AM
1A

I
c

EeTs

Effective address, main storage address of second operand

Prellminary effective address

Conients of bits 0-15 of general register specilied by B or X

General register "N, where N=0ta 7

Contents of bits 0-15 of general register specified by register B

B fleld of SRS, SI, or RS format instruction

Contents of the main storage location specified by the contents of the parenthesis
Displacement field of instruction

X fleld of RS format instruction with indexed mode of addressing

Most significant halfword (bits 0-15) of the content of Index register X automaltically
aligned.

AM (addressing mode) field of RS format instruction

IA (indirect address) field of RS format instruction with the indexed mode of
addressing

I bit of RS format Instruction with Indexed mode of addressing

Instruction counter

Automatic Index Modification

Automatic Storage Modificatlon

Direct Storage Addressing wiﬂ_szl‘lhoul Post Indexing .

X INDEX VALUE - . INDEX YALUE
000 Zero 100 w1y
001 ®1) 101 (RS)
010 (R2) 110 Gy
011 (R3) 111 R7)

GENERAL REGISTER FUNCTION ASSIGNMENTS

General Reglister Function J

Register

Number Operand Base Index
0 000 000 None
1 oo1 a0y (3%
2 010 010 (0]
a o1 011 or None 011
4 100 100
5 101 101
6 110 110
7 111 111

(X
[
=
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2.4 INSTRUCTION REPERTOIRE

Comprehensive Instruction Rebertoire Enhances Programmability and Performance

. The instruction repertaire consists of 154 operations in seven classes. A total of 480,000 fixed-point

operations/second can be achieved using a typical instruction mix.

The instruction set was selected to en~ the instruction set can be modified or
hance programmability and offers a changed as necessary.
balanced and comprehensive instruction
_ repertoire. Since the CPU uses a micro- The instruction set along with typical
program control structure, the machine execution times in microseconds is as
' personality need not be permanent; that is, follogws: !

75-A97-001 2-8
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Fixed-Point Operations
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INSTRUCTION REPERTOIRE (cont)
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INSTRUCTION. REPERTOIRE (cont/
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" INSTRUCTION REPERTOIRE (cont)

Execution Time (ys)

; e Odd | Odd | Even
Floating-Point Operations (Note 3) | Format | Even | NOK | NOK | 100
Subtract (Short Operand) RR 3.8 3.4 3.8 3.9
Subtract (Short Operand) SRS 4.0 | 3.6 | 4.0 | 4.2
Subtract (Short Operand) RS 4,0 4,2 5.0 4,2
Store (Long Operand) RS 4.0 b o600 | a2
Store (Short Operand) SRS b R 1 SR T8
Store (Short Operand) : . RS 2,8 3.0 3.8 3.0
Special Operations
Insert Store Protect Bits _

(Privileged Istruction) RS 3.2 3.4 4.2 3.5
Load Program Status '

(Privileged Instruction) RS 3.8 4.0 4.8 4.0
Set Program Mask RR 2.4 2.0 2.4 | 2.6
Set System Mask

(Privileged Instruction) RS 3.4 3.6 4,4 3.6
Supervisor Call RS 7.6 7.8 8.6 8.2
Test and Set Bits = - SI 3.4 3.6 4.4 3.6
‘Test and Set RS 3.0 3.2 4,0 3.2
1/0 and Internal Control
Input/Output

(Privileged Instruction) (IOR)

(Note 5) RR 4.4 | 4.0 | 4.4 | 4,5
Internal Control
. (Privileged Instruction) (ICR)

a) Read Counters RR | 3.4 | 3.0 | 3.4 | 3.5
" 'b) Write Counters RR' 3.2 2.8 3.2 3.3

¢) AGE Read '

(Privileged Instruction) RR 28.8 | 28.4 | 28.8 | 28.9

d) AGE Write

{Privileged Instruction) RR 5.4 5.0 5.4 5.5

e) Load Discretes Out RR 3.6 3.2 3.6 3.7

R o

75-A97-001 2-12




, INSTRUCTION REPERTOIRE (cont)

NOTE 1 The operand is between the limits and has the same sign as the limits,

¢ NOTE 2 = The search count = 1. Each additional count will increase execution time
% K . by 2.6 us for internal, 2.7 us for even 100, and 2.8 us for even 200.

NOTE 3 . The Floating-Point Add and Subtract times are based on operands requiring
l o one shift to equa].izer characteristics and no normalization. The Floating-
e . Point Multiply and Divide times are based on operands requiring no nor-

e e : : .malization, Each additional shift to equalize characteristics adds 0.2 us.

f, o Each additional normalize shift adds 0.4 us.

NOTE 4 For index operations, add 0.4 is, ;
'For index modification operations, add 1.2 ps.
For indirect operations, add 1.2 ps,
For indirect modification operations, add 2.8 s,

: : NOTE 5 Based on CPU not being held by I/0,
2 DEFINITIONS
,; EVEN - Instruction counter contains an even address.
| ODD - Instruction counter contains an odd address.
‘ NOK =~ Next instruction register contains either an RR/SRS instruction
L) Py or one-half of an RS instruction.
g ' NOK =~ Next instruction register contains neither an RR/SRS instruction
. nor one-half of an RS instruction. This condition only occurs
k"‘“{ g following branch operations,
RR - Register to Register
RS - Register to Storage
SRS - Short register to Storage
RI - Register immediate

SI - Storage immediate
Even 100 - Execution time for 24K External Memory
Even 200 - Execution time for an additional 66K EMU

¢h-@ xog w80 SN - o

( =X
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2.5 SYSTEM STATUS AND PROGRAM STATES

Program Status Word Determines System Status and Enhances Interrupt Transparency

Features are provided to accommodate change of the CPU status, so that program. operation can be re-

sumed automatically after arr interrupt or abnormal system function.

The program status word (PSW). contains
all information not contained in storage or

- registers but required for proper program

execution. The 64-bit PSW includes the

- mext instruction address, the current condi~

tion code, the system mask for interrupts,
and other fields significant to CPU opera-~
tions. In general, the PSW is used to con-
trol instruction sequencing and to hold and
indicate the status of the system in relation
to the program currently being executed.
The active or controlling PSW is called the
"current PSW.'" Storing the current PSW
during an interruption allows preserving the
status of the CPU for subsequent use. Load-

‘ ing a new PSW, or part of the PSW, permits

initializing or changing the state of the

CPU. The overall status of the CPU is pre-
served in the current PSW and the contents
of the general registers, The PSW is auto-
matically retained upon taking an interrupt.
The programmer has the responsibility for
preserving the contents of the general regis-
ters and any interrupts, real-time clocks,
or I/O system status, if required,

The overall CPU status is determined by
several program state alternatives, each of
which can be changed independently to its
opposite and most of which are indicated by
a bit in the PSW, The following paragraphs
describe the four types of program state
alternatives.

Supervisor or Problem State

In the Supervisor state (PSW bit 47 equal
0), all instructions are valid, In the Prob-
lem state (PSW bit 47 equal 1), Insert
Storage Protect Bits, Load Program Status,
Set System Mask, and Input/Output instruc-
tions are illegal, and their use produces a
program interrupt. These instructions are
reserved for use only in the Supervisor state.

75-A97-001

This provides one common centralized sys-
tem control function for interrupt handling,

- system status switching, and I/O handling;

thus eliminating unrestricted system control
operations by the various problem programs,
This state is controlled by a bit in the PSW.
The SVC instruction is provided to switch
from problem fo supervisor state., The load
PSW instruction is used to switch from
supervisor to problem state.

Masked or Interruptable State

The computer may be masked for certain
interrupt conditions at any given time.
These conditions generally remain pending
within the system until the masked condition
is changed by the program. Certain error
conditions cannot be masked.off, while other
error conditions, such as program checks,
are ignored when specifically masked,

General Register Selection
Bit 44 in the current PSW selects the set
of general registers in current use.

Stopped or Operating State
The run state and wait state are collec-

. tively termed the operating state for the
-gystem, When the computer is in the run

state, instructions are executed in the
normal manner. An instruction may be en-
countered or an interrupt processed that
forces the computer into the wait state. The
computer does not execute instructions in
the wait state, but it is interruptable when
not masked. Real-time clock timers are

_updated and I/O operations continue in the

wait state, When the CPU is in the stopped
state, instructions and interruptions are not
executed, and clocks are not updated. The

stopped or operating state can be changed

-only by manual intervention.

2-14.
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Power On Sequen -~

_‘ ;

Power-On PSW
(Loc 0004)
System Reset Sequence
System Reset PSW 'e
(Loc:0014)
| e Hom o e oy et y) et |
t Stop Button Continue Bulmnl
| <A =2
(Instruction
(Interrupt) ar Interrupt) .
Program State Sequence
i clolf RE [s ;
Instruction Address cc rlvlo Ul BSR DSR
] )l il 20 e N [ Y1 N ) 1 T T
a 1516 17118 19 20 2324 2728 3
Systern Mask Reserved ;‘ Miw r Interrupt Code
A T O N - i ) ) e e Y Y |
32 39 40 43 44 45 46 47 a8 63
015 ~ Next instruction Address
16-17 — Condition code for certain arithmetic, |ogical, and 1/0 instructions
18 — Carry indicator
19. — Overflow indicator
20 — Fixed Point Arithmetic Overflow Mask
raj — Reserved &
2z — Exponent Underflow Mask
z — Significance Mask
24-27 — Branch sector register replaces the high-order bit of a branch address when that bit equals
28-31 — Data sector register replaces the high-order bit of a data address when that bit equals 1
32-39 — System mask for external interrupts
49 — POB XDSDCN
41 — P08 BDSDCN
42 - P10 SPR1IN
43 — P11 SPR2N
44 — Register set controls which of two sets of general registers is in current use
45 — Machine check mask
46 — Wait state bit !
47 — Prablem/supervisor state contral bit
4863 — Interrupt code for supervisor call instruction machine check program and

certain external interrupts

Program Status Word
2-15
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Table 1
MICRO INTERRUPT STRUCTURE IN HARDWARE

- T —
, | Interrupt Initial Prom
Priority Number Interrupt Address (Hex) Mask Bit
Highest 1 Power On & System Reset . 03F None
2 Main Store Data Parlty Error 1 037 Current PSW Blt 45
3 1/0 Interface Address Parlty 03B Current PSW Bit 45
Error "1 p
4 Extended Memory Address 033 | Current PSW Bit 45
Parity Error '
5 I/0 Interface Data Parity 03D Current PSW Bit 45
Error *
(i Extended Memory Data Parity 035 Current PSW Bit 45
Error *1
7 Address Specification *1 p31 None
8 Store Protect Violation *} 03E Current PSW Bit 45
9 ROS Parity Error 036 Current PSW Bit 45
10 Fixed Point Overflow 03A Current PSW BIt 20
Lowest 11 Instruction Monitor 032 Current PSW Bit 33

-*1 Enabled only when ROS Data Register Bit 45 = 1 and is not masked

vble 2 =
o L MACRO INTERRUPT STRUCTURE IN HARDWARE
L Interrupt Initial Pr
Brlority Numbei Intercupt A:dreas (:{'::() MaskiBit
Highest 1 Single Inslruction Cycling/Put- - | 00F, 01F, 02F | None
away
2 k Counter 1 00C, 01C, 02C | Current PSW Bit 32
3 Counter 2 004, 014, 024 Current PSW Bit 33
4 External 0 008, 018, 028 Current PSW Bit 34
5 AGE Interrupt 000, 010, 020 None
6 External 1 00E, 01E, 02E | Current PSW Bit 35
1 External 2 006, 016, 026 Current PSW Blt 36
8 External 3 00A, 01A, 02A | Current PSW Bit 37
Lowest 9 External 4 ooz, 012, 022 Current PSW Bit 38
o Table 3
MICROPROGRAMMED INTERRUPT LIST
Interrupt
Nuf;::m]; Interrupt Type Mask Bit
S 1 Priviledged Instruction Sec Note *1
2 Illegal Operation None
3 Significance Current PSW Bit 23
4 Exponent Underflow (Floating Point) Current PSW Bit 22
5 Unnormalized Inputs (Floating Point Divide) | None
L 1] Exponent Overflow (convert) None
T Exponent Overflow (Floating Point) None
8 Divide Exception None
*1 Interrupt taken when current PSW Bit 47=1

75-A97-001 2(
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2.6 CPU INTERRUPT STRUCTURES

Interrupt Structures are Implemented in Har;lh‘ar'e‘nrg_i Microcode Operations

Microinterrupt, macrointerrupt, and microprogrammed interrupt structure operanon is basically rrans—
parent to the macroprogrammer until a PSW swap resum' !

Each of the interrupt structures discussed
In this section are listed In applicable tablea
on pages 2-28 and 2-29 for ease of reference
during the following description discussions,

Table 1 lists the micru!hter‘rupt strug-
ture, its associated priority level, the
mask, and the PROM address (in hex) of the
first microinstruction in the microinterrupt
subroutine. Microinterrupts are interrupts
that can oceur at any time during macro-
instruction operations if the interrupts are
not disabled or masked, The interrupt
occurs when the hardware forces the micro-
program to branch to the specified micro-
instruction address. The highest priority
interrupt will be taken if more than one in-
terrupt occurs simultaneously, the others
will remain pending and wait their turn to
be taken, The microinterrupts noted by *1
are enabled only when ROS data register bit
46 is a one. When this bit is a "0", the
specific interrupt is held pending. There
are micro-order sequences where micro-
interrupts would disrupt computer opera-
tions, such as in the middle of memory
cycles, Therefore, bit 45 is used to enable
these interrupts at specific locations in the
microcode sequencing. When microinter=
rupts are masked by the current PSW mask
bit, these interrupts do not remain pending.

The macrointerrupts are listed in Table
2, This interrupt structure is identical in
operation to the microinterrupts with the
exception that the macrointerrupts are
processed by the microprogram only at the
end of the current instruction. When the in-
terrupt occurs, the hardware forces the
microprogram to branch, at the end of the
instruction, to one of the three specified
microinstruction addresses. The reason
there are three possible locations to branch
to is because storebacks (storing results
into the general registers) are done in the
first microinstruction of the following macro-
instruction, This means that three possible

‘ micrthﬁmch addrese,es are needed to ind[cate

whether no storeback, storeback into general
registers or storeback into floating point
registers are to be pertormad Table 2 also

“lists the mask hit agsociated with-each inter-

rupt,  If the mask bit equals ""0". the macro-
interrupt will remain pending unti} the mask
bit is set to a 1",

The third type of interrupt structure 18
simply a microcoded interrupt and not a
hardware forced interrupt, Table 3 Jists
these Interrupts with their associated mask
bits. During macroinstruction sequencing,
@ microbranch may ocecur within specific
macroinstructions which may lead directly
to the interrupt microroutine, if it is nat

-masked. An example of this is the signifi-

cance interrupt. - This inferrupt is to oceur
if the current PSW bit 23 equals "1" and if
the resulting fraction of a floating point add
or subtract is zero, Within the ﬂoating
point add and subtract macroinstruction, a
branch is used to test the resulting answer
for a zero fraction, If the microbranch in-
dicates a zero floating point fraction, the
microbranch leads directly to the interrupt
microroutine. An exception to this is the
privileged instruction jnterrupt, This in-
terrupt is a microprogrammed branch with-
in all privileged instructions which tests the
current PSW bit 47, If PSW bit 47 is a =2ro,
the CPU is in the supervisor state and the

" microbranch allows completion of the privil-

eged instruction, If PSW bit 47 is a one,
the CPU is in the problem state and the
microbranch leads to the microinterrupt
routine bypassing the privileged instruction
execution,

In general, an interrupt subroutine at the
micro level performs the following functions:
o Disables all interrupts,

o Resets the hardware interrupt latch that
was set

® Generates an interrupt code if applicable

¢ Performs the PSW swap microroutine,

(
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o FEnables interyupts
e Begins the macrointerrupt routine lo-
cated by the new PSW or goes into the

wait state if the current PSW bit 46

equals a zero,

The above sequencing is true for both
mierointerrupt and macrointerrupt strue-
tures, For the microprogramed interrupt
structyre, the microvoutine is similar to
the above with the exclusion of item 2, Since
this interrupt structure is in microcode
there is no hardware latch to reset, The
above microroutine will be referred to as
the ""typical microroutine for interrupts in
later discussions, There are exceptions to
the above routines which are described in
the applicable section.

Table 4 lists the interrupts as seen by
the macroprogrammer. The interrupts in
Table 4 are a combination of the three
Interrupt structures listed in Tables 1, 2,
and 3. Table 4 lists the Interrupt priority,
the class, the interrupt code If applicable,
the PSW locatlon and the masks. The table
also glves an indication as to whether the
old PSW, that is stored away when the
Interrupt occurs, is pointing correctly to
the next macroinstruction address. Impre-
clse old PSWs occur for Interrupts using
the microinterrupt structure (Table 1),
These interrupts can occur during macro-
Instruction operation which means that the
instruction counter may or may not be up-
dated when the interrupt is taken. The fol-
lowing paragraphs describe each Interrupt
in Table 4.

Power On/System Reset

‘The two highest priority interrupts in
Table 4, Interrupts I and 2, are micro-
interrupts (Table 1, Interrupt 1). When
elther of these Interrupts occur, the CPU 1s
forced by hardware to branch to the PROM
address 03F. Figure 1 shows the mlcro-
routine starting at PROM address 03F, The
very first thing that oocurs is that all

¢ 1, @F xog
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interrupts and Direct Memory Access (DMA)
operatlons are hardware dlsabled at 03F.
The System Reset latch is set only If the 03F
PROM location was entered via a System Re-
set operation. At the 1/0 Interface there is

a line called /0 Lockotit, If this line Is held
active by the 1/0 during System Reset opera-
tlons, the CPU is to perform Instruction
Program Load (IPL), Microbranch A in
Figure 1 tests this line, If I/O Lockout Is
""off", initlalization of the CPU occurs.
Specifically the low 16 bits of counters 1

and 2 are set to thelr maximum value, the
status registers are reset, all the interrupt
hardware latches are reset, and the store
protect override latch is reset. If I/0 lock=
out is "on', mlcrobranch A takes the IPL
path. This consists of microcode operations
that set the store protect override logic and
then enables DMA functions, Microbranch B
is a microcode operation that loops on itself
until the I/0 Lockout line goes to "off", When
1/0 lockout is "on'", the I/0 will be allowed
via DMAs, to do an Instruction Program Load
(IPL) while the CPU loops on microbranch

B. Since the store protect override logic is
set, the DMAs may, at the discretion of the
1/0, turn on the store protect bit during IPL.
After IPL is finished, the 1/0 will turn "off"
the I/O lockout which will cause micro-
branch B to cease looping (Figure 1) and con-
tinue microcode operations through the
initialization. After initialization occurs,
microbranch C tests the System Reset latch
to see if the microroutine was entered from
a Power On or a System Reset, If the Sys-
tem Reset latch is "on'', the current PSW is
taken from the mainstore location 0004 (hex)
through 0007 (hex); if the latch is "off", the
PSW is taken from mainstore location 0014
(hex) through 0017 (hex). After this, the
next microcode operation enables DMAs and
interrupts, Then the first instruction is
fetched from the main store location speci-
fied by the current PSW,

i,‘
‘,

-

Table 4

SPACE SHUTTLE CPU INTERRUPTS
Hard- Current
ware PSW PSW
Interrupt | Priority 0Old PSW Interrupt location | Mask
No. 7 Interrupt Type IC value Class | Code (Hex) Hex) Ext,
1 1 Power On N/A Power N/A 0004-0007 |None
2 1 Bystem Reset N/A Power N/A 0014-0017 |None
3 1 Power Off (POID) , N/A Power N/A N/A Kone
4 2 CPU Storage Parity Imprecise | Machine 0003 0040-0047 45
5 3 IOP Storage Parity Imprecise | Machine 0002 0040-0047 | 45
6 4 Extended Stornge Address Parity| Imprecise | Machine: 0001 0040-0047 45
7 5 Extended Storage data Parify Imprecise | Machine 0004 0040-0047 45
8 6 CPU Address Specification’ Imprecise | Program 0003 0048-004F |Kone
9 7 CPU Store Protect Violation imprecise | Program 0007 0048-004F | 45
10 [:] CPU ROS Parity > Imprecise | Machine 0005 0040-0047 45
11 ] Instructlon Monitor '[mi)reciue Program N/A 0070-0077 33
12 10 Illeg_il. Opu;'ll.lun lrp_prcr.‘iae Program 0000 0048-004F | None
13 10 Privileged Instruction Next Instr. | Program 0001 Q048-004F 47
14 10 Fixed Polnt Oyerflow Next Insty, | Program 0004 0048-004F | 20
15 10 Significance y Next Instr. | Program 0005 0048-004F | 23
18 10 Exponent Underflow (Floating) |Next Instr. | Program 0008 0048-004F |None
17 10 Exponent Overflow (Convert), Next Instr, | Program 000A 0048-004F | 22
18 10 Exponent Overflow (Floating) Next Instr, | Program 000B 0048-004F |None
19 10 Divide (Floating Point) Next Instr, | Program oo00C 0048-004F |None ~
20 10 Unorm. Inputs (Dvd. Fltg, Pt.) |Next Instr. | Program 0006 0048-004F |None
21 11 Executive (Supervisor Call) Next Ingtr, | Supervigor N/A 0058-005F |Rong
22 12 Initiate Putaway Next Instr, | Power N/A 0010-0013 |None
23 13 Counter 1 Next Instr. | System N/A 0060-0067 a2
24 14 Counter 2 Next Instr, | System N/A 00G8-006F | 33
25 15 External 0 Next Instr. | System N/A 0Q078-007F | 34
26 16 External 1 Next Instr. | System N/A 0080-0087 35
27 16 1/0 Address Specification *1 Next Instr, | System 0003 0080-0087 | 35
28 16 1/0 Store Protect Violution*1 Rext Instr, | System 0004 0080-0087 [45 & 35
29 16 1/0 Write Parity (Interface)'l | Next Instr, | System 0002 0050-0087 (45 & 35
30 16 PCI Data Parity *1 Next Instr, | System 0001 0080-0087 (45 & 35
3 16 1/0 Address Parity*1 Next Instr, | System 0805 0080-0087 |45 & 35
32 16 AGE Interrupt *1 Next Instr, | System 0006 0080-0087 | 35
33 17 External 2 Next Instr. | System N/A 0088-008F | 36
34 18 External3 Next Instr. | System N/A 0090-0097 37
35 19 External 4 Next Instr, | System N/A 0098-009F | 38
*11/0 Interrupts Detected by the Space Shuttle CPU
ki The larger the number the lower the priority
2-17 75-A97-001



Power Off Delayed (POID) :

When the CPU is powered off, a Power
off signal is initiated by the power supply
when the source drops below-17.5 V. After
100us, a Power Off Delayed (POID) inter-
rupt (Table 4, Interrupt 3) is generated
which clamps memory and holds the com~

- puter at PROM address 03F until power is

"off”. During the 100-us period it is ex—
pected that the Initiate Putaway interrupt
will occur and allow completion of the put—
away routine before the POID interrupt
occurs. The Initiate Putaway interrupt will
be discussed later in more detail,

Main Store Parity Interrupts (CPU & I/0)
The CPU storage parity interrupt (Table
4, interrupt 3) will occur if not masked and
if a parity error is detected in the low 40K
halfwords of main storage located in the
computer, during CPU operations. The IOP
storage parity interrupt (Table 4, Interrupt
5) will occur if not masked and a parity error
is detected in main store via IOP Direct
Memory Access "out" (DMA) operations.
These two interrupts are microinterrupts
(Table 1) sharing the same hardware. Micro-
interrupt 2 in Table 1 is activated by either
of these interrupts and the microcode rou-
tine, beginning at PROM 037, distinguishes
Micro-Code _
Entered via Power On

or System Resat
Interrupts

Reset
Status:
Registers:

- between the two interrupts by a microbranch

which then provides the proper interrupt
code. In general, these interrupts follow the
"typical microroutine sequence defined
earlier,

When a DMA '"out! results in a main stor-
age parity error, a parity error will be
issued on CPU/IOP: interface lines to allow
the IOP to detect a data error more rapidly.
There are two- parity error lines on the
CPU/IOP interface, one for each halfword.

When a main storage parity error is de-
teeted during the memory read portion of a
CPU read-compute-write operation, the
write operation will be inhibited to prevent
loading of erroneous data.

Extended Storage Parity (data and address)
Extended storage address parity inter—
rupt is a microinterrupt (Tabls 1, Interrupt
4) that occurs if not masked and if an address

parity error is detected when addressing
storage locations within the IOP »mnit. This
error is detected by the extended memory
unit in the IOP and is sent to the CPU via
hardwire. If the error occurs during DMA
operations, the two data parity error hard-
wires at the CPU/IOP interface will both be
activated, allowing rapid error detection by
the IOP. If during memory write operations

Microbranch

Latch | f Entering
O3F Via Syst.
Resat

Microbranch
On B

Set Store
Protect
Override- |

Enable
DMAS

| IPL Operations

Load PWS |
From
0004-0007
in
Main Store Ensble Fetch
DMA'S 13t Macro Start
& Interrupts Instruction L Macro-
Progrem
Reset .
Syst. Resot
Latch
Main Stors
Reset Disabie
Store DMA:
Protect _—
Override:
Latch L

I

Figure 1. Initialization Microroutines used fer Power On or System Reset Interrupts
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an address parity error ocecurs, the write
operations will be inhibited to prevent un-

- wanted memory alterations. This interrupt

follows the "typical'™ microroutine sequence
defined earlier. Extended storage data
parity is also a microinterrupt (Table 1,
Interrupt 6) which will occur during CPU
operations if not masked and if there is a
data parity error when reading the main
storage locations contained in the IOP. The
microroutine for this: interrupt begins at
PROM address 035 (hex) and follows the
"typical'" microroutine sequences. When
this data error is detected during the mem-
ory read portion of a CPU read-compute-
write operation, the write operation will be
inhibited.

CPU Address Specification

The CPU address specification interrupt
is a microinterrupt (Table 1, Interrupt 7)
that will occur if a main store operation is
performed by the CPU using a storage ad-
dress location that is out of bounds, that is,
a non-existent main storage location. This
interrupt is not maskable. The microroutine
for this interrupt begins at PROM address
031 and follows the "typical" microroutine
sequences.

' CPU Store Protection .

CPU store protection interrupt is a micro-
interrupt (Table 1, Interrupt 8) that will
occur if not masked and if, during CPU se-
quencing, a memory write operation is
attempted into any main store location in
which the store protect bit is active. The
main store write operation will be inhibited
to prevent memory alterations. The micro-
routine for this interrupt begins at PROM
address 03E (hex) and follows the 'typical"
mieroroutine sequences.

CPU ROS Parity

CPU ROS Parity interrupt is a micro-
interrupt (Table 1, Interrupt 9) that occurs
if not masked and if the 48 bits, at the out-
put of the ROS Data Register (ROSDR), does
not have odd parity. This interrupt will occur

2-19

if there is a single bit failure in accessing

~ ROS data. The microroutine for this inter-

rupt begins at PROM address 036 (hex) and
follows the 'typical" microroutine sequenc-
ing.

Instruction Monitor

Instruction Monitor interrupt is a micro-
inferrupt (Table 1, Interrupt 11) that can
occur if not masked and if the instruction
that is fetched from main store during macro-
instruction operations is not store protected.
The hardware only looks at the store-protect
bit of the first halfword of a long instruction
to determine if the interrupt is to happen.
For short instructions, the halfword
boundary in which it is stored must be
store protected. The microroutine for this
interrupt begins at PROM address 032 (hex)
and follows the "typical" microroutine se-
quencing. This interrupt does not allow this
macroinstruction to execute.

Illegal Operation

Ilegal operation interrupt is a micro-
programmed interrupt (Table 3, Interrupt
2) that occurs when the macroprogrammer
tries to perform an instruction with an illegal
or unspecified operation code. This interrupt
has no mask.. The sequencing for this miero-
programmed interrupt is the same as the

"typical' microroutine described earlier.

Privileged Instruction

Privileged instruction interrupt is a
microprogrammed interrupt (Table 3, In-
terrupt 1) that occurs when attempting to do
a privileged instruction when in the problem
state (current PSW bit 47 = '1"), The follow-
ing macroinstructions are privileged instruc- -
tions:
e Insert Store Protect bits (ISPB)
Load Program Status (LPS)
Set-System Mask (SSM)
Internal Control (IC)
Program Controlled Input (PCT)
Program ‘Controlled Output (PCO),
The microsequencing for this interrupt
is the same as that of the "typical' micro-
routine deseribed earlier.

¢ & & 00
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Fixed Point Overflow
- Fixed point overflow interrupt is a

 microinterrupt (Table 1, Interrupt 10) that

can occur if not masked and if the result of

fixed point arithmetic operations is too large

and will not fit into the fullword format

(32 bits). When this microinterrupt occurs,

it begins its micro operations at PROM

~ address 03A (hex) and then follows the

"typical'" microroutine sequencing.

Significance
The significance interrupt is a micro-
programmed interrupt (Table 3, Interrupt

- 3) that will occur if not masked and when

the resulting fraction of a floating point

' operation is zero while the characteristics

is not zero. Within the microprograms of
the floating point maeroinstructions, the
floating point result is tested by the micro-
program for significance (characteristic
doesn't equal zero, fraction equals zero).
If significance occurs, then the micropro-
gram tests the current PSW bit 23. If this
bit = '0', the microprogram finishes the
floating point instruction and provides a
result of all zeros (the characteristic is
zeroed). If the current PSW bit 23 = '1',

- the microprogram branches to perform the

"typical" microroutine sequencing.

Unnormalized Inputs

The unnormalized input interrupt is a
microprogrammed interrupt (Table 3, In-
terrupt 5) that will occur when the input data
to a floating point divide is unnormalized.

- This interrupt is taken by microbranches

in the floating-point divide microcode.
There is no mask for this interrupt. Once
the interrupt microbranch is taken, the rest
of the sequence is similar to the "typical"
microroutine.

Exponent Underflow

The exponent underflow interrupt is a
microprogrammed interrupt (Table 3, In-
terrupt 4) that occurs during floating-point
arithmetic operations if not masked and if
the resulting characteristic becomes negative

75-A97-001
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and cannot be expressed in the 7-bit format
allocated for the characteristic: This
interrupt is taken by a microbranch in the
floating-point arithmetic microcode. The
interrupt micro-operation once taken follows
the "typical" microroutine sequencing.

Exponent Overflow for Converts

The exponent overflow interrupt is a
microprogrammed interrupt (Table 3, In-
terrupt 6) that occurs during the convert
te floating (CVFL) point macroinstruction if
the resultant characteristic is greater than
127 and the fraction is not zero, There is
no mask for this interrupt. The interrupt
is taken by a microbranch in the CVFL
microcode which leads to microroutine
which is similar to the ""typieal” micro-
routine described earlier;

Exponent Overflow for Floating Point

This description is identical to the ex-~
ponent overflow for converts with the ex-
ception that the interrupt (Table 3, Inter-
rupt 7) is used to detect overflows for
the other floating point operations.

Divide Floating Point

This interrupt is also a microprogrammed
interrupt (Table 3, Interrupt 8) that
occurs if the denominator of a floating-point
divide is equal to zero. This interrupt has
no mask. The microinterrupt routine fol-

-lowed is similar to the "typical” micro-

routine and is taken when the divide micro-
code detects a zero denominator and forces
a microbranch to this routine,

Executive (Supervisor Call)

The Supervisor Call inferrupt is caused
by execution of the Supervisor Call macro-
instruction (SVC). It basically falls under
the microprogrammed interrupt structure.
When the SVC instruction is executed, the
instruction performs a PSW switch. This
includes loading a 16-bit condition code
which is equal to the 16-bit effective ad-
dress generated by the SVC macromstruc-
tion operational code,

—
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- Initiate Putaway

Initiate Putaway interrupt is a macro-
instruction (Table 2, Interrupt 1) that will
occur when the power supply issues a Power

; _Off signal (POI) and when the current macro-

instruction has completed. This interrupt

The length of Search Under Mask (SUM) is
conirolled by the macroprogrammer, there=-
fore, he should make sure that the count
doesn't cause the SUM to execute more than
62ps. Long Floating-Point Divide on the

- other hand is 123 us long and is not con-

has no mask. Figure 2 illustrates the micro- i trolled by the macroprogrammer. Therefore,

code operations for the putaway routine.
With the occurrence of a POI, the hardware
disables DMAs. At the end of the current

- macroinstruction in which the POI occurred,

the interrupt is forced to one of three PROM
locations 00F, 01F, or 02F, depending on
whether the current macroinstruction re-
quired a register store back. -The micro-
code then disables all interrupts, and stores
in main storage the general registers, the
floating-point registers, the micropro-
grammers working register, the counters,
and the operational registers. After this,
the CPU clocks are stopped by a Stop Clock .
micro order; the computer waits for the
final POID which clamps the computer and
memory for the final powering off operation.
As was explained under the POID interrupt
description, there is 100us between POI and
POID. This means that the time to com-

P

|

this instruction is designed with a micro-
branch that tests for the POI interrupt. When
the POI interrupt occurs the microbranch
terminates the divide immediately, resets

. the instruction address counter, and then

proceeds to perform the Putaway routine
shown in Figure 2.

The Putaway interrupt is also initiated by
the AGE interface when performing single
instruction stepping operations. When single
Instruction Stepping via AGE control the
clocks are restarted by activating the AGE

" "continue'' switch, causing the microcode

shown in Figure 2 to come out of the ""Stop
Clocks'" micro order, load the current PSW
and reset the Putaway Interrupt latch. The
hardware then sets the Putaway Interrupt
latch during the next macroinstruction
operation. The interrupt is taken at the
end of the macroinstruction and sequences

plete the current instruction plus the putaway ; again from 00F, 01F, or 02F through the

time (38us) must not exceed 100 ws. There
are two macroinstructions which may not
allow completion of th.le putaway routine.
These macroinstructions are Search Under
Mask (a variable length instruction) and

4

putaway microroutine (Figure 2) to the ""Stop
Clocks'" micro order where the computer

| stops and waits for the next AGE continue
| operation. Using the interrupt in this fashion
| allows single instruction stepping via AGE

Long Floating-Point Divide (approx. 123us). controls.
00F
No Disable Store Current PSW Inta Store General Req. Set 1 Store General Reg Set 2
Store o Al Main Store {M.S.) Location . Into M.S. Locations o] !nto M.S. Locations
Back bt | 0010* Thru 0013* 00C0* Thru 0OCF* 00D0* Thru OODF* '
ntarrupts -
01F*
Fixed Store Floating Point Reg Store Microprogramers Store Low 16 Bits of
Point Set Into M.S. Locations e Working Reg. Set > Counters 1 & 2 Into
Store 00EO* Thru OOEF* Into M.S. Locations M.S. Locations
Back 00FQ® Thru OOFF* 0101* & 0102*
02F* 38us ——=| ]
Floating Store Operational Stop Load Current PSW Hasar, Enable etch Continue
Point Register Into M.S. Clocks From M.S, Location Purway Interrupts. ext o My
Store Location 0103* Micro- 0010* Thru 0013* Interrupt acro o) ;
% peration
Back order Latch nstruction
*Hex Values

Figure 2. Putaway Microroutine
2-21
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Counter 1

" Counter 1 in the CPU is a 32-bit interval
timer in which the upper 16 bits resides in
the main storage loeation 00B0 while the low
16 bits resides in a hardware 16-bit binary
counter. The low 16-bit hardware binary
counter has a basic clock of 1us. The hard-
ware binary counter.counts down from FFFF
(hex) to 0000 (hex) in 65.536 ms and causes

a macrointerrupt (Table 2, Interrupt 2) to
occur, if not masked, every time the counter
passes through 0000 (hex). The hardware
counter counts even when masked. Figure 3
shows the microroutine that is performed
every time an interrupt occurs. The micro-
routine disables all interrupts, resets the
Counter 1 interrupt latch then fetches the
high 16 bits. of the counter from main store
location 00BO0 (hex). These high 16 bits are
decremented by one via the microcode then
stored back into the main store location

00B0 (hex). This gives the appearance of a
full 32-bit sounter. The routine also tests
the undecremented high 16 counter bits; and
if they are equal to zero, then a PSW swap

occurs. If the undecremented high 16 counter

bits are not equal to zero, then the micro~-
routine returns to the previous macro=-
‘instruction sequencing. If the high 16 counter
bits are not equal to zero, then the interrupt
is transparent to the macroprogrammer. He

only knows an interrupt occurs when the PSW :

swap occurs. If the mask is "on'", the
interrupt will remain pending and the high

16 bits in main store will not be decremented.
The upper 16 bits may loose a count if the
masgk is on longer than 65.536 ps. This
means that the 32 bit counter would be in
error by 65.536 us. Therefore, the macro~
program:er should always unmask every

65.536 us or less to make sure a 65.536 us
count is not lost. The 32-bit counter can be

read or loaded via an Internal Control macro=-
instruction.

75-A97-001
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Counter 2 g —
Counter 2 operates in exactly the same

manner as Counter 1 and requires no addi- [

tional description.

External 0 f

External 0 interrupt is a macrointerrupt
(Table 2, Interrupt 4) that occurs if un-
masked, and when the IOP requests the in-
terrupt via the CPU/IOP interface. This
interrupt, if masked, will remain pending.
The microroutine for this interrupt begins
at PROM address 008 (hex), 018 (hex), or
028 (hex) and performs similar to the _
"typical'’ microroutine described earlier. !
Since this is a macrointerrupt, the micro-
routine doesn't begin until the current

=, T

macroinstruction completes its execution. : i
External 1 >
External 1 interrupt is a macrointerrupt !

(Table 2, Interrupt 6) that occurs if un—-
masked and when the IOP requests the in=-
terrupt via the CPU/IOP interface. This in-
terrupt, in addition, can be set by the occur-
rence of CPU detected CPU/IOP interface
errors. Figure 4 illustrates the micro=-
routine that occurs when this interrupt is
taken. This interrupt fetches an interrupt
code located in the upper byte of the half-

A

»word main store location 0087 (hex). Follow-

ing this, the microsequencing performs a ‘
PSW swap which involves shifting the in- L
terrupt code right 8 binary places then
storing it away, during the PSW swap, in
location 0083 (hex). CPU/IOP interface
microinterrupts (Table 4, Interrupts 27 and
28), when taken, load the proper interrupt
code in the upper byte of halfword main
store location 0087 (hex). This process will
be explained more fully in the next five in-
terrupt descriptions. The microroutine for
the External 1 interrupt begins at PROM
address 00E (hex), 01E (hex), or 02E (hex)
and performs as shown in Figure 4.

2=22
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Hardware Forced When Low 16 Bits of Counter Goes

Through Zero:and Current PSW Bit 32 = 1 X
0oCt* ‘

No Reg.
Store
Back I z
bisatie | | Reset interrupt Fetch Counter Hi 16 Bit g\f‘é’g’;‘;?&:ﬁ e
EE— Counter 1 From M.S. Location
Interrupts b 00B0* Back Into M.S.
! Location 0030*
otc™ B ; i ;
Fxd Pt Reg.
Store
Back
oz2c*
Fltg Point Perform Fetch
Reg. :tsvhxssﬁpmtio Enable Next
Store 0 ok I I | Interrupts Macro-
Back 0060* Thru 0067 Instruction
"hex
Begin
Macro-
Operation
Figure 3. Counter 1 Microroutine -
- O0E*
Disable
Interrupts 1
01E*
Resat - Fetch Interrupt Perform PSW Swap
2 Code From Upper at MS location 5 Fetch
Fn':rt":'pu an:r:'"u::: Byte of MS 0080* Thru 0083* i Next Macro
. Latch Location & Zero MS Location Ferup Instruction
0087* o0o87*
02E* Begin Macro
Operations
Using the New
Disable PSW
Interrupts
*hex
Figure 4. External 1 Interrupt Microroutine .
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1/0 Address Specification
The I/O Address Specification is a com~
bination of two interrupt structures, micro-

- interrupt and macrointerrupt structures.

This interrupt, when not masked, will occur
if the I/O uses an out of bounds or non-
existent main storage address when doing
Direct Memory Access (DMA). When this
interrupt occurs, the hardware forces the

microsequencing to. PROM address 031 (hex).

This initial PROM address is also shared
by the CPU caused Address Specification .
interrupt (Table 1, Interrupt 7). Therefore,
within the microinterrupt routine (Figure 5)
which is shared by both the CPU and I/O
there is a branch (Figure 5, branch A). If
the address specification interrupt is caused
by CPU operations, branch A leads to a
"typical" interrupt microroutine that
generates the proper interrupt code ana
does the PSW swap for the CPU Address
Specification interrupt described previously
(Table 4, Interrupt 8). If this interrupt is
caused by I/O operations (DMA's), branch
A leads to the I/O microutine operations.
This path first sets the External 1 interrupt
latch. This means that the External 1
interrupt will occur, if not masked, at the
end of the current maeroinstruction. The
microroutine (Figure 5)'then saves the data
flow registers A, B, and C simply to make
room for the next micro-operations which
stores away the interrupt code (in the high
byte) in the main store halfword location
0087 (hex). It should be noted that the
interrupt code was generated prior to
branch A. The microsequence then re-
stores the data flow registers A, B, and C,
enables interrupts, and then returns to
finish the macroinstruction that was pre-
viously interrupted. This much of the in-
terrupt handling process is transparent to
the macroprogrammer. At the end of
maecroinstruction, the External 1 interrupt
will occur and the interrupt code will be
transferred from main store location 0087
(hex). The interrupt code will be shifted to
the the low byte of the halfword then stored
away in main store location 0083 (hex). The

75-A97-001

macroprogrammer will now be made aware of

the interrupt via the External 1 interrupt
PSW swap.

I/O Store Protect Violation

This interrupt works in the same manner
as the I/O Address Specification interrupt.
The I/O Store Protect interrupt shares the
same microinterrupt operations as the CPU
Store Protect interrupt (Table 1, interrupt
no. 8). Figure 5 illustrates the microin-
terrupt sequencing process. Since the CPU

and I/O share Store Protect interrupt micro-

code, this means the current PSW bit 45 can
mask the I/O Store Protect interrupt, Both

the current PSW bit 45 (machine check mask)

and current PSW bit 35 (External 1 mask)
can mask the I/O Store Protect interrupt.
The interrupt will not remain pending with
the miachine check mask equal to zero but
will remain pending when the External 1
mask equals zero, When a DMA "in'' oper-
ation attempts to cause a main store write
into a store-protected location, that write
operation is inhibited,

1/0 Write Parity

The I/O Write Parity interrupt occurs
when not masked and when the data re-
ceived by the CPU at the CPU/IOP inter-
face has bad parity during DMA '"in'' opera-
tions and Program Controlled Input (PCI)
macroinstruction execution. This interrupt
is also a combination of two interrupt struc-
tures, microinterrupt and macrointerrupt
structures. Figure 5 illustrates the micro-
interrupt (Table 1, Interrupt 5) se-
quencing beginning at PROM address 03D
(hex). Branch B in Figure 5 detects
whether a PCI or DMA "in" occurred and
generates the correct interrupt code. The
remaining I/O microroutine operations
(Figure 1) are the same as that for I/O
Address Specification interrupt processing.

This I/0 interrupt also has two masks,
current PSW bit 45 (machine check mask)
and current PSW bit 35 (External 1 mask),
The interrupt does not remain pending with
the machine check mask but does remain
pending with the External interrupt mask.
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During a DMA "in" operation if the CPU/
IOP interface has a data parity error, the
. main store write operations will be inhibited.

1/0 Address Parity

The 1/0 Address Parity interrupt occurs
when not masked and when the address re-
ceived by the CPU, at the CPU/IOP inter-
face during DMA operations, has bad
parity. This interrupt uses both micro-
interrupt (Table 1, Interrupt 3) and the
macrointerrupt structures. Figure 5 illus-
trates the microinterrupt portion, which
begins at PROM location 03B (hex). The

microinterrupt sequence enters the I/0
microroutine illustrated in Figure 5 after
the interrupt latch is reset and the interrupt
‘code is generated. The remaining portion
-of the interrupt handling process is identical
to that of I/O address specification. This
interrupt has the same two masks as I/0
write parity interrupt. During a DMA op-
eration if the CPU/IOP interface has an
address parity error, the main store write
operation will be inhibited. This interrupt
uses the same two masks as the I/0 Address
Specification interrupt.
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Figure 5. CPU/IO Interface Interrupt Handling Microroutines
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AGE Interrupt

The AGE interrupt cccurs when the AGE

interrupt line at the CPU/AGE interface is

activated.. This interrupt uses two macro-

interrupt structures to perform its task.

The first macrointerrupt (Table 2, Interrupt
~ §) beginning at PROM address 000, 010, or
020 is illustrated in Figure 6. This macro-

interrupt routine is transparent to the pro-

grammer. When taken, it occurs at the end
of the current macroinstruction in which the

AGE interface signal is activated. This

interrupt sequence, Figure 6, basically sets

the External 1 interrupt latch and, then
generates and stores the interrupt code in

main store location 0087. The External 1
macrointerrupt (Figure 4) will be taken after
the completion of the transparent AGE
interrupt routine, if a higher priority inter-
rupt is not pending. The External 1 [nterrupt
will then go through its operations basically
moving the interrupt code from 0087 (hex)

to 0083. The AGE [nterrupt is maskable
only with the External 1 interrupt mask..

External 2, 3, and 4

The reamining three external interrupts
operate in the identical manner as External
0 interrupt described earlier.

& /-; @f Xog
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000"
No
Store
Back
oto*
Fixed Set Generata bl Feset Fetch
Point - Extaml 1 Iowruat ek A Enatie Naxt Begin
?t':': Interrupts L::;mp‘ Upper Location Latch Sedan Instruction Oparatic
Byte o087
i
Fltg Point
Store
Back
: Age Interrupt
\Figure 6. AGE Interrupt Handling Microroutines
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3.1 SYSTEM 360/370 SUPPORT PROGRAMMING SYSTEM

Extensive Background and Experience Results in Efficient, Proven Software

The Assembler, Linkage;
- development.

Development and delivery of compre~
hensive and fully documented support soft-
“ware for all System 4 Pi computers has

i 17 -resulted in refined innovations and tech-
- niques for assuring the quality and depend-

:glbﬂity_ of the software product. The sup-
port software incorporates the same spool-
ing and paging techniques, the expanded

- 'macro assembly capability, and the docu-
- mentation improvements that have been

‘proven on numerous models of System/360
and System/370 and under multiple re-
leases of operating system environments,
The support software offers the integrity
of design and maturity of concept demanded
by large development efforts and is avail-
able for immediate use for software de-
velopment,

The software provides complete facilities
for modular operational program develop-
ment and simulation using IBM System/360/
370 equipment (minimum region size of
210K bytes). ;

The Assembler provides the program-
mer with symbolic language with which to
generéte a storage-efficient, high-through-
put code. The Assembler language is
similar in many respects to the IBM Sys-
tem/360 Assembler language, thus mini-

75-A97-001
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and Simulator are the culmination of more than 15 years of aerospace software
These routines incorporate important features derived from./BM System 360/370.

mizing programmer training costs. Pro-
gramming rules and techniques (such as
modular programming, syntax, symbols
and labels, source instructions, constants,
comments, and subroutine linkages) are
largely identical to the System/360 opera-
tions. The Linkage Editor allows a modular
approach to program development, enabling

the programmer to separately develop

portions of each final load module prior to
combining them to form the complete
module. The Simulator, which provides
for static and dynamic simulation of appli-
cation programs, fully simulates the in-
struction set, interrupts (and associated
effects on registers), main storage, pro-
gram status words, and program timers,
The interrelation of the support software is
shown in the Data Flow diagram.,

IBM is actively involved in developing
Higher-Order Language (HOL)/Compiler

facilities for System/4 Pi computers, and

has developed a HOL Intermediate Language
that encompasses FORTRAN, CMS-2,

~HAL, JOVIAL, SPL, and CLASP, A

FORTRAN front-end compiler and a work-

ihg code generator have been developed
and demonstrated,

e N
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3.2 ASSEMBLER

Allows Programmer to Convert Symbolic Specifications to-Machine Language

The Assembler designed to aid in efficient use of all CPU features, provides optimized program generation,

documentation, and maintenance.

The Assembler translates symbolic in-
structions into machine language instruc-
tions, assigns storage locations, and per-

_ forms auxiliary functions necessary to

produce a relocatable object program suit-
able for input to the Linkage Editor, In-
puts from magnetic tape, cards or direct
access devices containing source code

will be accepted through the operating sys-
tem. Assembler-language programs may
consist of up to three types of statements:

. machine-instruction, macro-instruction,

and assembler-instruction statements.
Source statements allow sequence and com-
ment specification, '

Machine-instruction statements are one-
for-one symbolic representations of the
machine instructions, The Assembler pro-
duces an equivalent machine instruction in
the object program for each machine-in-
struction statement in the source program.
Short format instructions are automatically
selected by the assembler whenever pos-
sible,

Macroinstruction statements cause the
Assembler to retrieve user-coded symbolic
routines called macros, modify the routine
according to the information in the macro
instruction, and insert the modified routine
into the source program for translation into
machine language. Macros may be defined
within the Assemb_ler-lanéuage program or
may be maintained on a system macro

75-A97-001
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lihrary. This powerful facility is com-
parable to the S-360 Agsembler H macro
facility.

The assembler program, by means of

assembler-instruction statements, provides

auxiliary functions fo assist the program-
"mer in checking, documentating and seg-
menting programs, defining data and
symbols, controlling address assignments,
generation of macro instructions and con-
trolling the Assembler program itself.
The object programs produced by the -
Asgsembler are in a format suitable for
relocation to any area of storage. In
addition, they contain symbolic data used
for program linkage and for reference
‘within simulation,
The Assembler produces a thorough
listing of the source program statements

“and the resulting object program state-

ments for each source program assembled.
Programmer control of the form, and con-
tent of the listing is provided. The Assem-
bler also provides post-processor data
following the assembled program listing.
The post-processor data includes instruc-
tion and data symbols used in the assem-
bled program,. together with the core
storage assignments and all references to
those symbols, As a source program is
assembled, it is analyzed for actual or
potential errors in the use of the assem-
bler language. Detected errors are in-
dicated in the program listing,
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Asssmbler Featurers:

1 — extensive symbolic assembler language
2 — user macro definition capability similar to the powerful S/360H level macro assembler
3 — facilities computer architecture changes
4 — allows for application dependent language expressions
5 — provides excellent base for compiler ganu:ated code
. 6 — generates truly relocatable code
7 — use of symbols, registers, labels, linkages, etc. largely similar to 0S/360 counterparts
8 — provides suxiliary functions to assist in checking and documenting programs
9— Supports decimal, binary, hexadecimal, and character data types
10 — extensive error diagnosis and reporting
11 — uses optimization techniques to generate efficient code
12 — generates thorough listings including: ; 2
.8 — side-by-side sourcs, generated machine instruction, and relative address
b — asssmbler-generated statement number
€ — error messages
d — symbol table with crossreferenca information
e — axternal symbol dictionary
f — relocation dictionary
13 — affords independence in input/output device specifications.

Assembler Program Structure
3-5
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3.3 LINKAGE EDITOR

Programmer Tool Permits Program Modules to be Written Independently

The Linkage Editor combines and relocates separately assembled program modules to produce an executable

system. :

The Linkage Editor is a program used
in association with the Assembler to pre-
pare machine-language programs from
symbolic language. In addition to combin-

ey - ing separately assembled programs, the

Linkage Editor resolves references be-

tween these programs and prepares data for

input to the Computer or the Simulator. It
allows the user the option of assigning
absolute target machine addresses when
generating the loadable programs for
execution,

The Linkage Editor reads user-supplied
cards (or card images) which control
Linkage Editor processing, These cards
define the load module content and layout,
specify which optional functions are to be
executed, and identify for inclusion one or
more previously assembled program
modules. Assembled modules can also be
maintained in an object module library
which is accessed by the Linkage Editor
to improve processing speed,

The Linkage Editor provides, as out-
put, a computer load module, a simulator
load module including symbolic reference
data, and a listing output. The standard
listing output includes' control card print,
module map, entry points, and diagnostics.
Optional printouts include an absolute list-
ing and program statistics.

75-A97-001
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.The Linkage Editor checks the input

., object modules and the specified load module

layout for possible errors and prints diag-
nosties for any problems detected; e. g. ,
unresolved references,
The Linkage Editor possesses the fol-
lowing features:
e Permits modular approach to program
development and maintenance
¢ Fully resolves intermodule linkage
.. among numerous relocatable modules
‘@ Generates loadable and executable
programs
e Allows user to assign absolute target
machine addresses if desired
e Prints optionally an absolute assembly
listing for entire load module
e Prints diagnostics for errors detected
e Permits replacement or rearrange-
ment of component modules without
reassembly
e Affords independence in input and out-
put device specification
e Prints load module map information,
including:
— Absolute load address of each
module
— Module and program length
— Identification of each module
— Core-map layout of module entry
. points
— Optionally an absolute machine code
listing of the load module

e Provides program overlay capability.

Sepadtelpesnbion g ar Sl o rRkiEt T ~
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3.4 SIMULATOR

Provides an Alternate Environment for Program Verification and Debug

The Simulator is a powerful, thorough programming tool, used to evaluate the fhght computer software

on an IBM systern 360/370 host.

The Simulator functionally duplicates
instruction-level operation of the Central
Processing Unit (CPU) and provides for
associated I/O device handling as well as
allowing precise user control over the
Simulation. Extensive debug facilities are
provided, including full instruction trace,
location stop, data snap, data patch, core
dump, and diagnostic messages. More-
over, the instruction trace line contains
detailed information that is suitable for
processing and use in producing statistical
reports, Included are such items as left-
and right-hand symbols, mnemonics,
specified registers, and updated condition
code, carry, and overflow status bits,

The user regulates the thoroughness, and
hence the speed, of the Simulation to fit his
needs, This is possible because the Simu-
lator acts as a collection of subroutines
available to a User-Written Control Pro-
gram (UCP). A starter UCP is supplied by
IBM,

The UCP can interpret user control
cards, magnetic tape, or a direct access
module to dynamically control the simula-
tion throughout the run, " If any error con-
ditions are encountered during simulation,
control is returned to the UCP where
further action is determined. Returns are
also generated for prespecified conditions,
such as location stop or maximum simula-
tion-time reached. Through the control
cards, the user can dynamiecally instruct
the UCP to continue simulation, respecify
input conditions, or provide diagnostic
printout, This level of control permits the
user to tune the thoroughness of his simula-
tion to match the state of his program.

The Simulator accepts the load module
produced by the Linkage Editor as input.

75-A97-001

This module may be resident on either mag-
netic tape or a direct access device. Con-
trol and informational parameters are pro-
vided through subroutine calls or are passed
in a common data area shared by the Simu-
lator and the UCP.

The Simulator features include

e Provision for static and dynamic simu-

lation of application programs

e Full simulation of instructions, both

I/0 and others

e Interrupts and effects on registers,

memory, program status word, and
timers

e Maintenance of elapsed simulated

CPU time

e I/0 simulation by means of-user-

defined data arrays, providing
peripheral device independence

e Allowance for specification of all

necessary simulation conditions,
including

— Program to be simulated

— Starting locations for simulators
— Initial and maximum CPU time
- Error condition operation

— Debug output options

— Initial input condition

e Automatic paging of load module

sections from disk to core reducing
required S/360/370 region size,

¢ Expansion of instructions to an in-

ternal format for fast execution

e Provision for extensive debug facilities

Symbclic, relative or absolute
addressing

e Trace, dump, snap, and notification of

all interrupts and error condition

outputs,
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Automatic paging technique allows simulation

of large programs without increasing region
requirements

Simulator Program Structure
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3.5 OPERATIONAL READINESS SELF-TEST PROGRAM (STP)

The STP Provides: Computer Operational Validation

The STP is an integrated software and micropro

The Self-Test Program (STP) is co-
resident with the Operational Flight Pro-

> gram (OFP), andcan be invoked by the
- OFP executive on a periodic basis. The
- STP provides a Go/No-Go decision about

CPU operational readiness, and saves in-
The
status of malfunctions detected by the STP
are stored in main memory for subsequent
readout and for detailed fault isolation with

external test equipment.

Division of functions between the pro-
gram and microprogram has been made with
careful consideration of core and micro-
store utilization, speed of execution, acces-
sibility, and minimum interference to the
OFP. The STP consists of the functional
elements described in the following para-
graphs.

3-10

gram monitoring functian which provides computer

Microprogrammed Tests
Functions uniquely tested via the micro-
program include the following:

e Microinterrupts — Each microinterrupt
latch is set and cleared.

e Real Time Clocks — the microprogram
sets, increments, and reads the real-
time clocks. Ordinary programming
techniques cannot efficiently test the
counters in a reasonable length of time,

e Floating Point Logic — Microprogram-.
ming the floating-point logic allows much
quicker, more accurate, and more effi-
cient testing since the logic is more

accessible to the microprogram opera-
tional program,

e I/O Functions — The microprogram

sets and clears interrupt latches, .

——



Cli @3 xog i~ 8048 S

sjuswnoo(] YSYN 1o uonasjio) ojhewo] "3 sawer Qg

‘:{ 44

St

sanyary ANSISAIUN pUE SuoNosljo) [enads ‘sauelqr] Aisiaaun 9jels BNUIIM

3.6 FUNCTIONAL TEST PROGRAM (FTP)

The FTP Provides Computer Functional Checkout

The FTP is a comprehensive functional test program used for comp

ance testing.

The Functional Test Program (FTP),
used in both computer checkout and Accept-
ance Test, tests and verifies all functions
in the computer. In general, all data paths
and functional circuits are exercised and
their resultants are compared against ex-
pectant data.

The FTP, which utilizes the built-in test
equipment (BITE) hardware, is designed to
work with the Micro Programmed Test Set
(MTS) and a test technician to detect and
isolate failures. Detection coverage for
the FTP is 99%. Isolation information is
provided via an error log. With this infor-
mation manual isolation is accomplished to
the component level via a skilled technician
using conventional troubleshooting techniques
(scope, meters, etc, ),

The five major modules of the FTP are:
e Supervisor — The FTP Supervisor five

major tasks are:

Task Function
1) Start Up

Provide initialization of
FTP and CPU plus per-
form a basic instruction
test.'.

2) Test Pass Determine which test types
Control (CPU, Memory, I/0, and/
or Special) are to be exe-
cuted on a per pass basis.
This is an operator con-
trolled function through
AGE (MTS).

3) Error
Logging

Builds an error log con-
sisting of the first fifteen
plus the last error that
occurred,

4) Test
Selection

Determine which test
numbers, within a test
type, are to be executed.
. Operator can modify
selection via AGE,

Provides interrupt iden-
tification of occurring

5) Interrupt
Handling

3-11/3-12

uter maintenance support and Accept-

Interrupt and reports an
error if interrupt is not
allowed.

e CPU — The CPU test module, containing
79 separate tests, checks the proper
operation of all instructions, along with
register loading and data transferring
capability. All addressing schemes are
tested, including direct, indirect, index-
ing base, auto indexing, index modify,
relative addressing, and extended ad-
dressing. Additional tests include regis-
ter addressability and data transfer; con-
dition code, carry, and overflow for all
arithmetic and floating-point instructions;
arithmetic interrupts and masks; logical
bit handling; privilege instruction execu-
tion; privileged instructions in the prob-
lem state; PSW manipulation.

® Memory — The 15 memory tests check

all functions related to main storage
memory operations and the CPU memory
interface, Tests are designed to assure
that every data, parity, and storage
protect bit (exclusive of three small
areas; PSA, error log & test location)
can be set to both the 1" and "0 state,
The storage protect, instruction moni-

tor, and parity interrupt functions are
verified for correct operation.

1/0O — The 26 I/O tests check all func-

~ tions related to I/O operations with the
MTS operating as the device for I/0
testing, The channel reset command
capability is checked for proper opera-
tion. The program counters are checked
for read and load capability, Direct 1/0
and DMA are tested with various data
patterns and checked for proper results,

Special — This module provides a loca-
tion for tests which are not clearly CPU,
Memory or I/O tests, The special test
module contains three tests for testing
the WAIT state, interrupt priority sys-
tem, and operation of the microcode
'DETECT' instruction.

75-A97-001
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4.1 CPU FUNCTIONAL OPERATION

Basic Timing and Control Cycles Are Maintained by CPU and External Clock Control Logic

Functional operation and control of CPU subunits is maintained by‘microprogram control.

The Central Processor Unit Data Flow
diagram depicts the functional areas within

. the CPU and the external interface. The

-1 following sections describe the functional

> = operation of each area.

' The Timing and control subunit gen-
erates all of the CPU and external clocks
for basic timing and control functions.

The normal CPU cycle is 200 ns and
consists of two 100-ns segments. For Main
Storage operations the CPU cycle is. ex-
tended and synchronized with the Main
Storage data return.

The Microprogram Control subunit con-

tains the microprogram storage, the
microprogram storage address logic, the
microprogram storage output data register
and the decode and control logic. The
storage consists of up to 2, 048 48-bit control
words. During every CPU cycle a control
word is read from microstorage to serve as
the controlling word or microinstruction
for the subsequent CPU cycle. Decoding of
each individual microinstruction specifies
the operation of the various functional
subunits in the CPU. Included in the
microinstruction is the ‘microstorage
address: specification from which the next
control word is to be -obtained. This
address may be directly specified in the
microinstruction or it may Le specified

by a combination of status indicators.

The bus control subunits direct the
routing of data from numerous internal and
external sources onto the system input
* busses. This routing is principally
accomplished by two multiplexers. The
first or Master Bus Control Unit Multiplexer
provides inputs to the CPU, Main Storage
or I/0 and selects the data from either
the CPU, Main Storage, or I/O sources.
The multiplexer: is also capable of halfword
reversal. The second or Intra CPU Control
Unit Multiplexer provides inputs to the CPU
Input Data Bus and selects the data from
the Master Bus Control multiplexer or one

75-A97-001.
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of the Intra CPU Bus Control Registers.

The elements of the inner data flow are
the working registers, multiplexers and the
function unit used by the microprogrammer
to perform individual logic and arithmetic
operations, Also included is the Local
Store Array consisting of thirty-two fullword
registers. The microprogram uses two sets
of eight registers as fixed-point general
purpose registers and 1set of eight registers
as floating point: general purpose registers
while the other set of eight registers is
reserved for microprogramming functions.
The entire inner data flow is under control
of the microprogrammer. Operation of the
inner data flow may be explicitly specified
(within constraints of the encoding) or

conditionally specified allowing complex,
data dependent procedures to be imple-
mented by a single microinstruction. .

The main storage interface provides
control of an asynchronous main store of
up to 128K fullwords, of which 32K is
fast-access and the remaining 96K is
remote, The interface also provides sup-
port for Read-Compute-Write operations
and storage protection on individual half-
word locations.

The Input/Output interface supports a
bidirectional, thirty-two bit, parallel-data
interface. The I/O interface operating
mode is either an externally initiated trans-
fer or a program initiated transfer. The
externally initiated transfer, designated
Direct Memory Access (DMA), functions
as a main storage cycle steal or fully
independent main storage port. Thus,
other than the interference in accessing
main storage, the CPU processing func-
tions are not affected by concurrent DMA
operations. Program initiated transfers
(PCIO) are macroinstructions utilizing CPU
operations.

The AGE interface provides all the
necessary control and data paths for load-
ing and testing the CPU. In addition to
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allowing direct access for maip storpge
reading and writing, the AGE separate
words interface allows direct substitution
of microinstructions into microprogram
control for execution by the CPU, as well
a8 display of most registers CPU internal
registers,
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4.2 MICHO?ROG RAM CONTROL

All CPU Functions Are Controlled By Microprogram Subunit

' Microinstruction decode controls execution of the operations required during each program macro-

instruction.

Microprogram Control Subunit

The Microprogram Control subunit con-
tains the PROM storage, the ROS data
register (ROSDR), the ROS address regis-
ter (ROSAR), and the ROS backup register
(ROSBR). A normal CPU cycle is 200 ns,
and for each cycle a new 48-bit wide ROS
data word is accessed from the PROM stor-
age and loaded into the ROSDR. This 48-bit
microword in the ROSDR is a microinstruc-
tion which is used to control all CPU func-
tions. The PROM storage is capable of
holding 2048 such microinstructions which.
make up all the macroinstructions and
interrupt microsubroutines. While the
current microinstruction in the ROSDR is
executing a CPU function, this micro-
instruction is also generating the ROS
address of the next microinstruction to be
executed.

The PROM address bus is a 12-bit bus.

The ROSAR is used to retain the high 6
ROS address bits until changed by micro-
instruction specifications. ROS address
bits 6 through 9 can also,be retained by
the ROSAR when requested by the micro-
instruction. The last two bits are decode
outputs from the microinstruction in the
ROSDR. The ROSBR is used to save the
next ROS address of an interrupt micro-
sequence. When an interrupt occurs, Mux
1 selects the interrupt logic for generating
the next ROS address. At the same time,
the ROS address generated by the ROSAR
and the ROS decode is loaded into the
ROSBR via Mux 2. When the microsub-
routine taken by the interrupt is completed,
a microinstruction can specify the contents
of the ROSBR as the next ROS address via
Mux 1. This allows return to the micro-
program sequencing which was occurring
prior to the interrupt.

Microprogram Instruction Format
The microprogram instruction format

75-A97-001
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consists of five main sections: 1) data
flow controls, 2) local store control,
3) miscellaneous and emit control, 4)
microprogram sequence control, and
5) parity and enable selected interrupt
bits.
ROSDR bits 0 through 10 control the
inner data flow function. The first three
- ROSDR bits (0 through 2) controls the left
ALU input multiplexer. ROSDR bits 3
through 5 specify whether fullword, halfword
" byte, logical, or shifting operations are to
be performed. The remaining ROSDR bits
(6 through 10) specify inner data flow
operations and destination of the ALU output.
ROSDR bits 11 through 16 specifies the
local storage operation desired. Bit 11
defines a local storage read or write
operation, while bits 12 through 16 specify
indirectly the local storage address to be
accessed. The contents of local store are
further described in the Inner Data Flow
section.
ROSDR bits 17 through 28 specifies how
the Miscellaneous 1 field, Miscellaneous
2 field, and the Emit fields are to be used.
Miscellaneous 1 field binary codes (ROSDR
bits 17 through 20) from 0000 to 0111 use
the 8-bit field ROSDR bits 21 through 28 as
data, For example, Miscellaneous 1 binary
code 0001 specifies that ROSDR bits 21
through 28 are to be gated directly to upper
byte of the 'Bf register. Miscellaneous 1
field binary codes (ROSDR bits 17 through
20) from 1000 to 1111 use ROSDR bits 25
through 28 to further define the operation
while the remaining emit field bit (ROSDR
bits 21 to 24) may be used as a Miscellane-
ous 2 field which specifies operations
independent of the Miscellaneous 1 field.
The Miscellaneous 1 field may specify the
following operations:
1. Load the upper byte of the 'B' regis-
ter via the 8-bit Emit field
2. Load set or clear status registers
and interrupts
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s A .y the high 6 ROS address bits
for the next microinstruction
4. Indicate the end of the instryction
operation
5, Perform various I/0 operations
. Specify Floating Point operations
7. Specify memaoary read & write
operations
8. Modify (via ROSDR bits 25 through
28) the lower 4 bits of the upper half
of the ROS address (Address bits 6
through 9),

=3

The Miscellaneous 2 field Is used only
when the last four operations (5 through 8)
of the Miscellaneous 2 field are specified.
The Miscellaneous 2 field with the above
restrictions may specify special tasks such
as disable and enable interrupts, request
Master bus, etc.

ROSDR bits 29 through 43 of the Micro-
program instruction specify the low-order
6 address bits of the next microinstruction
to be executed, It is possible to perform a
64-way branch with this method, The
mlicroinstruction address field is 12 bits
wide. The upper 6 address bits (0 through
5) can be altered by a Miscellaneous 1
field specification; otherwise these ad-
dress bits remain the same when sequenc-
ing microinstructions. The Miscellaneous 1
field can modify all 6 address bits via the
high and low emit fields in the mieroin-
struction or address bits 2 through 5 via the
low emit field of the microinstruction,

ROS address bits 6 through 9 are taken
directly from microeinstruction ROSDR
bits 30 through 33, when bit 29 of the micro-

Instruction is "0". When microinstruction
bit 28 is ""1" and bits 30 through 33 contain
the code 0001, indirect branching occurs,
For example, the contents of operation

_80=/R SIN- ..

code register bits 4 through 7 are used
as bits 6 through 9 of the following micro-
instruction address,

The A-branch field of the microinstruc-
tion ROSDR (bits 34 through 38) specifies
ROS address bit 10 of the following micro-
Instruction address. This address bit can
be explicitly specified to be 1, 0, or set
conditionally. Thirty tests can be specified
using the A-branch field. For example,
if the A-branch field contains the code
01101, then address bit 10 will be set to 1,
if bits 12 through 15 of the operation code

«register are all zeros.

Similarly, the B-branch field of the
microinstruction (bits 39 through 43)
specifies ROS address bit 11 of the follow-
ing microinstruction address, Again,
this can unconditionally be set to 0, 1, or
set conditionally, depending on the result
of the additional 30 tests which can be
specified. For example, code 01111
specifies that the contents of bit 15 of the
operation code register are to be used as
bit 11 of the microprogram address.

Microinstruction ROSDR bit 44 is used
as a parity bit such that the 48 bits always
have odd parity, Mieroinstruction ROSDR
bit 45 is used to enable the following
interrupts:

1. Main store parity error

2, 1/0 interface data parity error

3. Extended memory data parity error

4, Address specification

5. Store protection violations

6. Microinstruction parity error.

This interrupt control is necessary
because there are periods during micro-
instruction operations that interrupts are not
desired. An example of this would be during
microinstructions that specify memory
operations, The last two ROSDR bits 46
and 47 are spares and are set at an uplevel.
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4.3 INNER DATA FLOW

Focus Of All Processor Activity

Performs all basic computational and logic operations required for instruction processing.

The inner data flow performs all the.
logical and arithmetic operations called for
by the microprogram. It is fully inde-
pendent and can continue processing of
complex or iterative functions without inter-
ference from or to the other portions of
the data flow, Significant elements of the
inner data flow are as follows:

e Arithmetic and Logic Unit (ALU)

e Working registers :

e Miscellaneous multiplexers and gates

e Local Store.

The entire flow is 32 bits wide and sup-
ports divide and two-bit-at-a-time multiply,
A 32-bit simple function, such as add,
requires a single CPU cycle. Multiply of
32 bits by 32 bits is completed in 16 CPU
cycles and gives a full 64-bit product.
Divide of 64 bits by 32 bits yielding 32-bit
quotient and 32-bit preliminary remainder
uses 32 CPU cycles,

In addition to supporting the parallel
operations used in the multiply and divide
steps, other parallelism is built into the
flow such as:

e Independent control of Local Store
operation

e Independent control of the Left ALU
Input Multiplexer

s Coupled shifts providing 64-bit shifting.

As the focal point of the data flow, the
inner data flow is the source or destination
of the three principal CPU busses.

e The CPU Data Input Bus (MDI 00N-
31N) is used primarily to supply
operands to the inner data flow.

e The Inner Data Flow Output Bus
(CPB 00N-31N) is drawn directly
from the Left ALU Input Multiplexer,

e The Address Bus (CABMTN-3N,
CAB 00N-15N) is a dot-bus whose
status may come from AGE, I/0, or
the inner data flow,

* Innner Data Flow - Working Registers

The inner data flow has four 32-bit
working registers and a 16-bit AGE input
register, The four working registers are
used for temporary working storage during
instruction execution and are accessible to
the microprogrammer.

The A register is the Local Store output
buffer and is loaded by each Local Store
read. In addition, the A register may be
loaded with the output of the ALU either
directly, or shifted left one-bit position,
or shifted right two-bit positions. The
shifted loads occur only in response to
shift, multiply, or divide commands, The
A register is clocked whenever it is
selected as a destination either explicitly
or implicitly (shift, multiply, divide, local
store reads), Normally, the entire 32 bits
of the A register are clocked simultancously.
However, when the microinstruction speci-
fies CMISC 0 (bits 17-20 = 1001; hits 25-28
= 0000), a clock is generated for the most
significant eight bits of the A register.
This clock will clear those bits of the A
register provided the A register has not
been otherwisec selected as a destination,

The B register is the buffer for the Main
Data Input Bus. The B register may also
be loaded with the ALU output or with its
own contents shifted left or right four bit
positions. The shift occurs only when an
ABL4 or ABR4 shift is specified (micro-
Instruction bits 3-7 = 11008 or 01001
respectively). The B register, like the
A register, is clocked whenever the B
register is explicitly selected or implicitly
selected as a destination,  The most signl-
ficant eight bits arc also clocked whenever
CMI1SC 0 is specified,
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- The B register is an implicit destination:

e For ABL4 and ABR4 shifts

e For reads of the internal registers
(microinstruction bits 17-20 = 1111,
bit 28 = 1) and Program Store

e For emits* (bits 17-20 = 00001)

e For decodes (bits 17-20 = 1010, bits
25-28 = 10 xx when xx # 11).

. The C register is the Local Store input
buffer. It may be loaded with the ALU out-
put, and it may be shifted internally left one
bit position or right two bit positions. Dur-
ing multiply and divide, the C register is
coupled with the A register. In multiply,
the C register initially contains the
multiplier and receives the product bits

as they spill out of the low end of the A
register. In divide, the C register initially
contains the least significant half of the
dividend and feeds the A register as the
partial remainders develop, while receiv-
ing the quotient bits.

The D register contains the instruction
counter, condition code, and some system
masks. It may be loaded with the ALU
output. Certain portions (bits 16-19) are
separately loadable at LSTEX** time with
the appropriate condition codes, and are
settable and clearable separately (micro-
instruction bits 17-20 = 010x, bits 21-24
= 111x). The D register is normally
clocked when specified as an explicit
destination. However, when RNOK is
specified (microinstruction bits 17-20 =
1010, bits 25-28 = 1100) only the most sig-
nificant 16 bits of the D register are
clocked — this feature is normally used
in executing a macroinstruction branch,
The D register is also clocked as an
implicit destination when microinstruction
bits 3-10 = 111xx00xx.

The AGE input register is a serial-in,
parallel-out register and is loadable only
by the serial AGE interface.

Inner Data Flow - Multiplexers

In addition to the shift multiplexers on
the inputs to the A, B, and C registers,
there are three multiplexers for selecting
left and right ALU inputs and input to the
Address Bus,

The left ALU input multiplexer is di-
rectly controlled by bits 0-2 of the micro-
instruction. One of eight possible inputs
is selected by the control decode function.

The AGE input register is also an input
‘to the multiplexer when selected during
AGE input operations or when W/LE-RBHC
is specified (microinstruction bits 17-20
= 1111, bits 25-28 = 1101), The left ALU
input multiplexer is the source of the
Inner Data Flow Output bus.

The right ALU input multiplexer selects
the B register contents directly or shifted
left one bit position. In certain circum-
stances, the multiplexer is degated to
provide an input of zero. The multiplexer
is normally set direct. It will shift left
one only in the case of certain arithmetic
DWIMS*** (microinstruction bits 3-5 =
111 and bit 8 = 1) and in the case of cer-

tain multiply steps. The multiplexer will
be degated only in the case of the decode
DWIMS (microinstruction bits 3-5 = 111,
bits 8-10 = 00x and then only if the pro-
cessor opcode does not indicate an
instruction with explicit immediate data.

The Address Bus multiplexer provides

‘gating of processor addresses from either

the B register of the D register, The
multiplexers will be on only if the CPU

has priority assigned by the timing logic
(GCPAD is up). Bits 1-15 of the Address
Bus receive B register bits 1-15 or D
register bits 1-15, depending on the micro-
instruction bit 27. Bits M1, M2, M3, and 0
will have D register 24-27 if microinstruc-
tion bit 27 is zero and D register bit 0 is
one, or D register 28-31 if microinstruction
bit 17 is one and B register bit 0 is zero,

75-A97-001
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Inner Data Flow - Arithmetic and Logic Unit

The arithmetic and logic unit performs

binary addition and subtraction and logical

operations as specified by the microinstruc-

tions. All'logical operations are 32 bits
and the repertoire of 16 operations uses
all the capability available in the LSI
arithmetic and logic modules.

Addition and subtraction are normally
32 bits. with two additional high-order bits
implemented for multiply. The carry into
the low-order position of the ALU is gen-
erated to support two's complement sub-
traction (certain multiply and divide steps,
arithmetic and fullword arithmetic with
carry specified). The propagation of
carries can be broken between bit position
7 and 8 and between 15 and 16 to provide
halfword and byte add or subtract. These
byte and halfword operations do not pre-

*DWIM - denotes a complex microprocedure
especially designed to assist machine
performance. They provide multiple or
conditional operations not otherwise
specifiable by a single microinstruction.

75-A97-001
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serve unused portions but only guarantee
that extraneous carries will not propagate
into the computation or that required
rarry-ins appear, Byte operation may only
‘be specified by microinstruction bits 3-5
=110. During byte operations, normal
carry propagation from bit position 8 is
blocked and, if microinstruction bit 8 =1,
a carry is inserted into bit position 7.
During halfword operations, normal carry
propagation from bit position 16 is blocked
and a carry is inserted into bit position 15
if the microinstruction specified halfword
arithmetic and microinstruction bit 8 =1 or
if the microinstruction specifies a decode
DWIM. * These functions result from
halfword arithmetic operations with micro-
instruction bits 3-5 = 101 and from arith-
metic DWIM decodes with microinstruction
bits 3-5 = 111 and bits 8-10 = 000 or 100,

[— p—— pm—



saalyosy AUSIBAIUR pUE Suonos|jo) [enads ‘seuelar Ausianun 8121S BHUIIA
- . syuswnood YSYN Jo uoida|jo) oyAewo] "3 sawer ud

SR T R R St e

l : Low6-but ROS Addreit
Innes CPL Dats Contrals Mz, Controls Generation Conrols
= ki
o[+ [2[ 3[4 [s[e] 7] [s[ro]v:[s2[ra]ia]ss]s |s2]1a] 1o o] 2] zzfasfes s ae]2] el 20]na] s+ [azfoa[sa[as s [a7]a] o[ sof s [sz]safaafas]ee] 7]
I 2 c 3 l Lo nu.
I N
ALY IORW 10 it ikl Mitc. 1 LowEmL g inction Branch @B T
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00xxxxxx — Loglcal Operation
01xxxxxx — Shilt Operation 111x%x000
SR 100xxxxx — Arithmetic Fullword Operation (i.e., — Hot one at bit 31)
101xxxxx — Arithmetic Halfword Operation (l,e., — Hot 1 at bit 15; no prop. 16 to 15)
110xxxxx — Arithmetic Byte Operation (l,e,, — Hot 1 at bit 7; no prop. 8 to 7)
l 111xx%xxx%x — Miscellaneous Arithmetic Operation > 111xx001
% Logical Operation s
000000xx — B Reg complemented to ALU output = 111xx010
I 000001xx — Left ALU "and" B Reg complemented to ALU output 111%x%x011
000010xx — Left ALU complemented "or" B Reg complemented to ALU output
00001txx — Left ALU "exclusive ored"” with B Reg to ALU output 111xx100
000100xx — Left ALU "or" B Register complemented to ALU output 111xx101
| 000101xx — Left ALU to ALU output {used automatically when nothing Is specified) 111xx110
000110xx — Onesto ALU output
000111xx — Left ALU "or" B Reg to ALU output
001000xx — Left ALUcomplemented "and” B Reg complemented to ALU output 01000xxx
001001xx — Zerosto ALU output 01001xxx
001010xx — Left ALU complemented to ALU output 01010xxx
001011xx — Left ALU complemented "and" B Reg to ALU output 01011xxx
I 001100xx — Left ALU complemented "exclusive ored" with B Reg to ALU output 01100xxx
001101xx — Left ALU "and" B Reg to ALU output 01101xxx
001110xx —  Left ALU complemented "or" B Reg to ALU output 01110%xx
001111xx — B Regto ALU output 01111%xxx
l ALU Operation (3, 4, 5, = 100, 101, 110)
00xxx — Left ALU s added to zero
Olxxx — ALU output = 1 less than 2's tomplement subtraction of Left ALU minus B Register
10xxx — Lelt ALU plus B register
lixxx — [Left ALU minus 1
01xxx00x
| Hat 1 Operation O1xxx01x
Xxx0xx — No carry into the adder 01xxx10x
xx1xx — . Carry Into the adder as determined by fullword, halfword or byte operation Olxxxllx
I Destination
xxx00 — ALU Output to A Register 01lxxxxx0
e xxx01 — ALU Output to B Register D1xxxxx1
xxx10 — ALU OQutput to C Register
xxx11 — ALU Qutput to D Register
Microprogram [nstruction Word Fields
I Notes
*Emits — A micro function which furnishes 8 bita of Immediate data directly from the microinstruction (bits 21-28).
#$[STEX — Instruction completion time represented by a LSTEX DWIM which causes automatic condition code update,
| InterTupt enabling and a conditional request for an Instruction fetch from maln storage,
; #*#DWIM — Denotes a complete microprocedure especially designed to assist machine performance. A DWIM provides
l multiple or conditional operationa not otherwise specifiable by a single microinatruction,

01z

000 — A Register to Left ALU Input

001 — B Register to Left ALU Input

010 — C Register to Left ALU Input

0i1 — D Register to Left ALU Input

100 — A Register Left 4 to Left ALU Input (filla per shift opn)

101 — A Register Right 4 to Left ALU Input (fillg per shift opn)
" 101 — Bame us 'A' with B 0-7 Ingerted in poaitions 0-7 of ALU

111 —-D Bnghhr to Lelt ALU lnput with Low-order 1

Misc Arilhmetic Operatlons
1f Op is explicit Immediate (Op Code 10110); B =€
If not Exp Imm and Long Instruction; D+ 1+ D unléss FP overflow is on and not masked
Left ALU (Line 3) must be coded "D for proper operation X
(D + 1+ D Is Inhibited for ship op code — 11111)
1) If Long Instruction; Bump IC unless FP overflow s on and not masked
Left ALU (Line 3) must be coded "D for proper operatien (360 operation)

Multiply Step [A+B(0, D, Ll.) 13’2 A (Fill with ALU -1 & -'ZJ-; C (R2) (Fill A30, A31)]

Divide Step [A+B L s Fill cosc Yo Quotfent] (Add = C31 BOD)
(Precede divide step with A = A micro-erder)

Left ALU plus B Reg L1 -+ B Reg [Halfword Add]

Lelt ALU plus B Reg L1 —+ A Reg

Left ALU minus B Reg L1 + A Reg

Shift Operation

ABL4 — A & B registers ag a palr shifted Left 4 (See Note 1)
ABR4 — A & B registers as a pair shifted Right 4 (See Note 2)
AL4 — A Register shifted Left 4 (See Note 1)

AR4 — A Register shifted Right 4 (Sce Note 2)

ACL1 — A & C reglsters as a pair shifted Left 1 (Sce Note 3)
ACR2 — A & C registers as a pair shifted Right 2 (See Note 3)
ALl — A Register shiflted Left 1 (See Note 3)

ARZ — A Register shifted Right 2 (See Note 3)

Note 1 _Left ALU Input opn must be AL4
Note 2 Left ALU Input opn must be AR4
Note 3 Left ALU Input opn must be A
Fill

Fill with zeros

Fill with sign (right shifta only)

Fill as Rotate (vight shifts only)

FII1 with Stat Bits (See splII/fill chart)

spill

Spill is lost
Spill is Stat Reg Bits 12-15 (See spill/fill chart)

4-9 75-A97-001
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Inner Data Flow - Local Store
The Local Store consists of thirty-two
32-bit register locations implemented in
' monolithic read/write devices. The Local
Store contains all the general-purpose
-, registers and floating-point registers
- visible to the macroprogrammer, as well
as eight locations available only to the
- » microprogrammer, }
¢ Within a CPU cycle, any location in the
_Local Store may be read from or written
‘-".Iinto. When read,; the contents of the selec-
. ted locations are loaded into the A register.
" “When written, the local store location is
“loaded with the contents of the C register.
If the A register is specified to receive

data, other than Local Store, during a Local

Store operation, the two pieces of data will
be logically OR'ed in the A register.

Control of the Local Store consists of:
e Four address lines
e Two-chip selects
e A write enable,

The address lines are common to all
the devices comprising Local Store.

The two-chip selects each control 16 of
the 32 register register locations in the
Local Store. Chip selects are both in-
active when no Local Store operation is
specified, otherwise, one will be~active
depending on whether or not the register
location lies in the general purpose regis-
ters. The write enable is common to all
the Local Store devices and is active in the
second half of the processor cycle on all
writes to Local Store.

The control lines respond to bits 11
to 16 of the microinstruction. Bit 11
specifies whether a read or a write is to
be done. Bits 12-15 indicate how the

~ Local Store address is to be formed, A

code of all zeros in bits 11-15 is the

only valid no-op; all other codes may
causc the ORing described earlier. The
31 post Hle address codes are configured
to rapidly extract register addressing
bits from the current macroinstruction.
As implemented the codes support the
processor architecture and furnish direct
microcode addressing of the eight register

locations reserved to the microprogrammer,

0 3
8 General
Registers Selected When
2 PSW Bit 12is 0
7
8 |
8 General
b Registers Sel d When
PSW Bit 12 is 1
15 /
16 A
8 Floating-Point
I Registers
23
24 3
4 Additional Storage Registers
Used for Non-1/O Microprograms
27
= 4 Storage Registers Used
for 1/O Service Steal
31 Microprograms
4] 15 16

Local Store Assignments

75-A97-001
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Lowé-bit ROS Address 5.

Inner CPU Data Controls | Misc. Controts L Generation Controls:
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Left ALU Input 7 Local 5 )
Controls: - ALU Operations 0 Misc. 1 ol Function Branch ‘B’ Branch o
o Arithmetic Field Field Enabie ‘U’ Intpts
o Logical
® Shift ALU Operations: ; High Emit ‘A
p Branch
o Adwims Destination Misc. 2 Field

E_
! 0 xxoocx: R — Read:
| L xxxxx W-- Write

| Non-Zero Condition of Balance of Field Specifics LS Addressing

e

12 13 14 15 16

Register address = Stat 19, PSW 12, Op bits 5-7

Register address = Stat 19, PSW 12, Op bits 5-6, 1

Register address = Stat 19, PSW 12, Op bits 11-13

Register addregs = Stat 19, PSW 12, Stat bits 0-2

Register address = Stat 19, PSW 12, Op bits 13-15

Register address = Stat 19, PSW 12, 0, Op bits 14-15 \

Register address = Stat 19, PSW 12, 0, Op bits 14-15 (Read zero's to A Reg for 014, 014 = 11)
Register address = Stat 19, PSW 12, Op bits 13-14, 1

Use with DEC code (Mlisc B codes 8, 9, and 10)

(=]
o
o
(=]

BRegister address = Stat 19, Stat bits 8-11
Register address = Stat 19, Op bits 8-11
Register address = Stat 19, Op bits 8-10, 1
Register address = Stat 19, Op bits 12-15
Register address = Stat 19, Stat bits 0-3 (Read zero's to A Reg for S0-3 = 0000)
Register address = Stat 19, 0, Op bits 5-7 '
Register address = Stat 19, 0, Op bits 5-6; 1
Register address = Stat 19, 0, Op bits 13-15
Register address = Stat 19, 0, Op bits 13-14, 1
Reglister address = Stat 19, 0, Op bits 9-11
Register address = Stat 19, 0, Op bits 9-10, 1

80-/8 SIN

Register address = Stat 19, Stat Bits 8-11

BoW MW B XM KM MHAM KM R MM A MMM M MMM R K KRR
e I e R O i — I = =~ I — I — T — T — = — O — N — 1
HRHHEHEFREHE OO0 OO RMHRRHREMMMOOO S OO
.-nr-a.-QaaawaHoocoéH;HccooH‘HHHcac::
P D e e DO D O DO MMHMNOOHMHEOOQORMHGCOF

- SuBWIN20(] YSVN JO UoRos||0) O3Aewo | 3 sawer Ig

m Register address = Stat 19, 1000
o Register address = Stat 19, 1001
> Register address = Stat 19, 1010
i Register address = Stat 19, 1011 Generally for CPU Use
Q Register address = Stat 19, 1100
s Register address = Stat 19, 1110
e U Register address = Stat 19, 1111
S W
T "
&
Cn
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4.4 DATA BUS CONTROL

Control Is Exercised Through Two Multiplexers

Master or main bus multrplexer controls main data flow to or from the CPU and the intra bus multiplexer

controls the transfer into the CPU inner data flow.

Data flow control is exercised by two
sets of 32 by 8-1 multiplexers. The multi-
plexers are controlled by an enable gate
and three coded input controls. These
coded controls are generated by a com-
bination of hardware and microcode
described in the following sections. :

_ The main bus control multiplexer
(BC MUX) multiplexes the main memory
data output bus (MDB), the computer data
bus (CDB), the auxiliary memory data

- output bus (ADB), and the external data
bus (EDB) together to form the main bus:
(MBUS). Each of the four buses may be
multiplexed direct (bits 0-15 to MB 0-15
and bits 16-31 to MB 16-31) or reverse
(bits 0-15 to MB 16-31 and bits 16-31 to
MB 0-15). The multiplexer outputs are
always enabled. In the event of a default
state, the control state is code 110, the
computer data direct is selected. The

control codes are listed in the multiplexer
control code table.

MULTIPLEXER CONTROL CODES FOR

MAIN BUS MULTIPLEXER

CO C1. C2 Function

0o o0 ' 0 Memory Data Direct

0 0 1 Memory Data Reverse

0o 1 0 External Data Direct

0 1.1 " External Data Reverse

1P 0 o0 Auxiliary Memory Data Direct
1 0 1 Auxiliary Memory Data Reverse
1 1 0 Computer Data Direct

1 1. 1 Computer Data Reverse

Control of this multiplexer is either
CPU microprogram or I/0 direct memory
access hardware. DMA data requests and
CPU request bus micro-orders are prior-
jtized within the CPU. Simultaneous

75-A97-001

.Tequests are resolved in favor of the I/O
but once priority is granted, a higher

- priority request will not cause a release

of the lower priority. ' All I/O requests
for bus priority and all CPU requests for
bus: priority not accompanied by a request
I/O will initiate a2 memory cycle. External
priority gates the direct memory access
address to the computer address bus.

CPU priority and memory operation

gates either the D-register (Instruction

Address) or B-register (Data Address)

to the address bus in accordance with the

microcode. The SAR clock for memory

operations, or the latched request I/O

for non-memory operations strubes the

multiplexer control information into multi-
plexer control latches.
Once the memory control latchrs

are strobed, they w111 remain latched’

~untils —

1) The external data request is deac-
tivated for DMA operations.

2) The memory restore cycle is initiated
for read-compute-write or store CPU
originated memory operations.

3) The delayed memory data valid con-
trol deactivates for read CPU origin-
ated memory operation.

4) The next CPU cycle if a non-memory,
non-latched bus request was-issued.
This is the normal function when CPU
data must be reversed, or loaded into
counters, Stat Register, P-Register,
or AGE output.

5) The microcode commands a reset if a
latched non-memory bus request

was issued. This is the normal func-
tion for PCIO operations.

Data on the main bus is then available
simultaneously to the I/O interface, the
-auxiliary memory interface, the main
memory interface, and the inner bus
control multiplexer (IBC MUX).

Data transfers into the CPU inner

4-12
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“place, is_ .crolled by the 8-1 IBC MUK, Control of the multiplexer is via CPU i 1d ) '
I The complement output of this multiplexer microprogram and micro-assist hard- L35 v L g
generates the memory data in bus (MDI) . ware (DWIM) with an AGE override, T - Sl ) .
which feeds the B-register, AGE data out Control of bits 0-15 is separate from
I multiplexoer, and the microprogram link control of bits 16-31 as illustrated in the
register (ROSBR)Y multiplexer, The true control code tables for the intra bus
output forms the data input to the various multiplexer. ;
I MULTIPLEXER CONTROL CODES FOR BITS 0—15 OF INTRA BUS MULTIPLEXER p ; s
| "E H'l ]I2 ":l Function
[ o Bl Zeros to MDI 0-15,
I8 0 o Zeros to MDI 0-9, OP 8-13 to MDI 10-15. et Inner Data Flow, L)
. I 5] : ) Or Age EEaR TR
i T i | Stats 0-15 to MDI 0-15. - T
1 0 1 0 Spare - Default ones to MDT - 15, - Lo lBl_"
| (R R B | Zeros to MDI 0-4, stats 5-15 to MDI 5-15. o NIR STO-16
1 1 0 o0 MBUS 0-15 to NIDI 0-15, i i)
21 2 % x32)
l R G | ROS Data Reg 21-28 to MDI 0-7, zeros to MDI 8-15. e o el | ORR ot oo
Lol A L0 MBUS 16 to MDI 0-15. Ta Inner 10 Input
5, = CTRO
; S ISS) FER Spare - Default ones to MDI 0-15. , TR0 Ij_l DIHLR a2
| *The default state s OXXX - Zeros to MDI 0-15, Y g IE"""‘"
nput
Lo " "
. MULTIPLEXER CONTROL CODES FOR BITS 16-31 OF A L s
I INTRA BUS MULTIPLEXER (x32} Main Stare
Ly Lp L L, Ly LR To Main Store
b $—le 10 00
I [ T B Zeros to MDI 16-31. fio e 1ot
[ 3 I 5 (x32)
0 1 0 0 o Zeros to MDI 16-19, MDUS 20-31 to MDI 20-31, G L2ENe0 3 i & Extecnal Out
LA e R |
| 0o 1 0 0 1 Zeros Lo MDI 16-19, NIR 4-15 to M1 20-31. : 1x32) o o
0o 1 0 1 o Zoras Lo MDI 16-19, STAT 4-15 to MDI 26-31. 12101's Addvaas Bl (1o Vel Seche OF/Auxd 1 =
From tnner Data Flow .
0, 1Al 3 Zeros vo MDI 16-19, OPREG 4-15 to MDI 20-31. or Age
| ¢ 1 1.0 0 Zeros to MDI 16-19, CNTRO 4-15 to MDI 20-31,
o 1 1 0 1 Zeros to MDI 16-19, CNTR1 4-15 to MDI 20-31. e S e
us Control of Data Flow
(1FT L SR TR Zeros to MDI 16-19, CNTR2 to MDF 20-31
g 1.1 1 1 Zeros to MDI 16-19, PREG 4-15 to MDI 20-31,
1 1 0 0 0 MBUS 16-31 to MDI 16-31,
- - b} 110 0 1 NIR 0-15 to MDI 16-31.
11 0 10 STAT 0-15 lo MDI 16-31,
i ;D VR T £k | QOPREG 0-15 to MDI 16-31.
[T RN TRt ER CNTRO 0-15 to MDI 16-81.
l | T R | CNTR1 0-15 to MDL 16-31.
| EDI T Rt CNTR2 0-15 to MDI 1i-31,
[ Elll G e LR | PREQ 0-15 to MDI 16-31.
] *The default state [s 00XXX - Zeros to MDT 16-31.
4~13
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4.5 TIMING AND CONTROL

20-MHz Crystal Oscillator

The timing source is divided to form a free running 10-MHz clock which in turn is used to establish the

basic two clock system.

The basic CPU timing is developed
from either an internal 20-MHz crystal
- oscillator or an external 20-MHz source,
The timing source is then divided to form
a 10-MHz free-running clock which be-

comes the primary clocking element in
the unit,

The CPU timing consists of a two clock
system denoted CP1 and CP2, These two
clocks are developed from the 10-MHz
clock and are nominally 100 ns each,
although each clock may be extended in

100-ns increments in response to system
activity.

A CPU cycle is defined as the period
from the rise of CP1 to the rise of the

. next CP1. A CPU eycle consists of

strobing the content of the addressed
micro storage location into the ROS Data
Register (RSDR) with the rise of CP1,
performing the specified micro-operation,
and strobing the result into the appro-

- priate register with the rise of the next

CP1 clock.
Interval timers are driven from a

. 1-MHz clock which is generated from

division by five of a 5-MHz gated clock.
The 5 MHz is normally free running,

but when the CPU timing is stopped by sup-
port equipment command, the 5 MHz will
stop as well. This stop preserves the

real time relationship of the interval
timers and instruction timing,

75-A97-001

4=-14

CPU Clocks :
The CPU clocks CP1 and CP2 are l
generated from the Q and Q outputs of a
D-Type Flip~-Flop. With CP1 active, the
CPU cycle may be extended indefinitely, in
increments of 100 ns, through external con-
trol via the AGE control lines XSTP
XSTP2N.

The external equipment command
of XSTP1N=0, XSTP2N=1 commands an
immediate stop and a command of
XSTP1N=1, XSTP2N=0 commands a delayed
stop upon the processor execution of a
""Stop Clocks' micro order. The immediate
gtop is used for a single CPU cycle stop on
micro address compare operation, whereas
the delayed stop is used for a sipgle in-
struction cycle stop on program address
compare operation. When the cycle is
stopped with CP1 active; initiating a pulse
on the continue AGE control line (X CONT)
restarts the timing,

~—

With CP2 active, the CPU cycle is
stretched, in increments of 100 ns, to
synchromze the CPU to the asynchronous
machine elements (main store and input/
output). When the required asynchronous
event occurs, the timing is restarted at the
next 100 ns quantum. The table shows the
start and restart conditions for CP2 active.
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20 MHz Internal Osc.

CPU Timing Page Y-

DFF | 10 MHz

Input

=y
i e R R ]
| ozt 1 Extrnal Osc.

l i{ Assembly

|

1L

I

] 4 3 ® 30K

| 1

| HA L e
l Hex /

: i o
! N

|

] 5052

! 30 P 2000

; i

s

T

[l

1

r

Input Aeguinnmant

LA
o

I

Frequency
Duty Cyche

Transition Times
Amphitude [Prak to-Peak]

Input
Ingut

Zo
Noim

19 10 20 Mz

45% Min_, BO% Max,

(10% 10 90%) 10 NS Max
35V Mn, 50V Max

001 gt in Series With 5002
0.4V Max. Acron 500

CPU External Clock

CPU Priority

CPU Mol
Select Memory

Write

Memory Opa

Memory Advena

Micro Load Clock

v Ops i e

Stop-Clocks

Sop 1 Not
Stop 2

Cantmus Nat
Machine Fesst Not ——— —gf

Memary Advana Nal —

CPU Mam fleq

O
CPU BugHAeq
€PU Priarity Not

Delayed Mamory Data Valig

. 5
o
. CPU Priarity:
H cm.;..,'%:)___ c
crz——{ R

Read or Read Compune-Vicite —1

DFF

o0

I

S
>

T

cP1

(=4}

20 0w

CPU Clock Generator

CPU CYCLE STOP/RESTART CONDITIONS

CP2 Stop Conditions

CP2 Restart Conditions

CPU Main Bus Request
Not CPU Priority

CPU Malin Bus Request
CPU Memory Request
Memory Busy

CPU Memory Select
CPU Wait for Data
Read or Read-Compute-Write

CPU Memory Select
CPU Walit for Data
Write

Read-Compute-Write
CPU Micro Load Clock °

CPU Prilority Granted

Memory Not Busy

Memory Advance—sInactive

Data Load Clock—Inactive

Data Load Clock—sInactive

o2

75-A97-001
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Memory Interface Timing

The interface with main storage is
an asynchronous "handshaking'' type of
interface which can be activated by
either a. CPU miecro order, an I/O
Direct Memory Access, or a support
equipment command, The CPU and
Direct Memory Access sequences to
main storage are essentially common.
The operation is initiated by a Main Bus
request, since the data is transferred
over this bus. When priority is granted,
the address is gated to the computer -
address bus (CAB), either internal or
external SELECT MEMORY is generated
and. held until MEMORY BUSY is re-
turned by the memory. When MEMORY
ADVANCE is returned by the memory
the SELECT MEMORY ,sequence is
deactivated. :

For CPU Memory Read operations,
the CPU clock is restarted by the deacti-
vation of MEMORY ADVANCE and for

DMA Read Operations, the DATA
ACKNOWLEDGE is generated by the
d eactivation of the MEMORY ADVANCE.
Parity is checked 50 to 150 ns later.
For CPU Memory Store operations,
the presence or absence of the store-
protect bit is checked by the deactivation
of MEMORY ADVANCE, the 100 ns DATA
LOAD CLOCK (DLC) is generated 150 to
250 ns later and the CPU clock is re-
started when DLC goes inactive. For
DMA Store operations, the presence or
absence of the store-protect bit is
checked by the deactivation of MEMORY

- ADVANCE, the 100 ns DATA LOAD CLOCK

is generated 150 to 250 ns later and
DATA ACKNOWLEDGE is generated
when DLC goes inactive,

The Read-Compute-Write operation
is utilized only by the CPU with the
Sequence being similar to the CPU Read

operation followed by a DATA LOAD
CLOCK.

10MHz LML LLrULUuU,
A e
CPUPR | | ,
Gate Address m .
Select Memory I’L
o
Me B ”~
Bicky: B ey R s o IO | Jj S—
Memory Advance | 9 I .
Cd
cP2 ) AIRH gy O g pieapestc gy S e 0

CPU Memory Read Interface and Timing Sequence

10 MHz SUUNINIuruUrLnuUrLrrr,
Ext PR _’-—ﬁ-—-—!ﬁ— .(NL’
Gate Address ______ [ ——F =
Select Memory Ffl_ T o
Memory Busy ﬂ = s %
Memory Advance _—ﬂ_l+-[_________#_!_{
Data Acknowledge +£F (& ' r"“""“"'l_,.

DMA Memory Write Interface and Timing Sequence

4-16
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Main Bus Prioritization ;

The MAIN BUS provides the principal
data path between the various elements of
the CPU which consist of the main storage,
awxiliary storage, I/0 and, inner data flow.
Data flow on the Main Bus is controlled by
bus priority logic consisting of two flip-
flops denoted as CPU Priority (CPUPR)
and External Direct Memory Access

Priority (EXTPR).. Inputs to the flip-flops

. are strobed by the free running 10-MHz

clock and establish the priority tree such
that if a DMA request is pending it will
always be granted unless CPUPR is active -
or the Disable DMA latch is set. Once

. either CPUPR or EXTPR is active, it will

remain active until the data transfer is
completed.

BUS PRIORITY CONDITIONS

EXTPR Active " EXTPR Inactive

CPUPR Active CPUPR Inactive

DMA Priority (GP1)

DMA Data Request

DMA Data: Request—sInactive

Address Exception
Not Disable DMA

Not CPUPR

c PU_Bus Request Non-Memory Operation

Not EXTPR Active | Micro Transfer Routine
Complete
Not EXTPR Active

Conditions Memory Read Operation
Not GP1 Unless

Memory Advance—sInactive
Disable DMA

Ve Memory Store Operation

Memory Data Load
Clock—s-Inactive

Memory Read-Compute- -
Write

Memory Data Load
Clock—sInactive

4-17
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4.6 MAIN STORAGE _
Extended Performance/Modular Core Memory

Interchangeable 8K by 18 bit pluggable modules.

The Space Shlrttle-rﬁain storage con-

sists of two, separate Extended Performance/

Modular Core Memories (EP/MCM). One
of these memories, having a storage ca-

: pacity of 40K words by 36 bits, is located
- in the CPU LRU. The other memory with

" a storage capacity of 24K words by 36 bits
is located in the [OP LRU. Both memories
communicate directly with the CPU, This
section will summarize the characteristics

of the CPU memory. A more detailed func- '

tional description of the EP/MCM can be
found in the following sections. Those
features unique to the IOP memory are
covered in the IOP Functional Desecription,
The EP/MCM is a 2-1/2 D organized
ferrite core memory having a basic
modularity of 8K words by 18 bits. This
‘8K by 18 bit pluggable module is called a

4-18

storage page. The storage pages are
constructed so as to permit unfolding,
thereby, exposing the core array which is
contained on the inside of the page. The
two sides of the page are similar, with
each providing 8K by 9 bits of storage
capacity. The outside of the storage page
contains buffer and control logic, address

‘" drivers, a diode decode matrix, tempera-

ture controlled voltage regulators, sense
amplifiers, a storage data register (SDR)
and the power switches.

Two of the 18-bit, 8192 word storage
pages, in conjunction with a timing page,
yield a memory capacity of 8K words by
36-bits. The CPU memory is expandable
in 8K by 36-bit increments up to a maxi-
mum of 40K words within the CPU memory

. backpanel..
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I Organization 2-1/2D
Storage Element 8/14 Wide-Temp. Ferrite Core
Electronics Monolithie
I Modularity 8,192 Words by 36 Bits
Addressability Halfwerd/Fullword
Operational Modes Read/Restore, Split Cycle Store
I Temperature Range -55°C to 95°C Rall
Required Voltages +12V, +5V, -5V
Interface TTL
' Storage Capacity 40K -~ Fullwords
Cycle Tlme 800 ns Read/Restore
1.0 pus Read/Modify/Write
| Access Time 375 ns Max.
Power Up Time - 470 ns
Power Down Time 20 us
I Power (1) g 48, 2W 2 Storage Pages Operational
18.8W 2 Storage Pages Standby.
7.2W 6 Storage Pages Quiescent
| _8.4W 1 Timlng Page
82, 6W
Welght (2) 24.71b ¥ |
' Volume (2) 599 in® ‘ § Finibaans
| + Nates: (1) 50% Fullword Duty Cycle, 50% 1/0 Data ¢
@ mmd_ea Backpane &7 ming Pago EP/MCM Storage Page (Folded View Showing Outer Surface)

| poiow :
PUTSN
| ——FPOIN
PUTIN
------ [t
l SELN—- pon e
sCsN—]
DLCN—8+
l ASELN— ;
ASLCN—»
CPU Storage Storage - S St
POIL— Timing + | Pagel Page 2 F::? P:-.::J
CAB BUS Page
I COB BUS
moB Bys<;—]
ADV-S—
’ BUS Yt—] esvaie |
| sca—i 1
]» | I ﬂ i ﬂ
Al
| IMSN BUS i
| .
7 MDB——— :
I BUS
5]
l BUS .
i CPU Memory Block Diagram 40K x 36 Bits EP/MCM Starage Page (Unfolded View Showing Inper Surface with Core Array)
l ; : g : s 4-19 75-A97:001
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The CPU timing page is similar to the
standard 4 Pi logic pages, except that the
height has been increased to allow space
for mounting a delay line, also two con-
nectors have been added to the top of the
page for increased I/O ecapability. The
timing page interfaces with the storage
pages via the bottom two connectors on
the page which plug into the memory back-
panel. All CPU/memory interface signals
are through the top two connectors of the:
timing page. This interface is standard
TTL. A description of each interface signal
follows: :

e SELN - This signal is used to initiate
a CPU memory cycle and to load the
CPU Storage Address Register (SAR).

e SCSN - This signal is used to perform
read/modify/write operations. When

this signal is at a down level the
restore portion of a memory cycle is
inhibited. Return of this signal to an

up level initiates the write portion of the
cycle. ;

DLCN - This signal is used to load

data into the Storage Data Register (SDR).
DLCN is issued only in conjunction with
the SCSN signal.

ASELN - This signal performs the same

_ function as SELN with the exception of

loading data into the SAR.,

ASL.CN - This signal is used to load
data into the SAR and must be issued
prior to the ASELN signal.

POIL - This signal is used to inform
the CPU memory of an impending power
transient condition. When POIL is at
an up level the initiation of a memory
cycle is inhibited.

069-7428 G

091367-1 .

"SERIAL NO..

ESC-15A68 B
PALISADES; PARK,” N.J.

CPU Memory Timing Page

75-A97-001
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SC - This signal is issued by the CPU
memory only after receipt of a POIL
signal and only when a memory cycle
is not in progress.

IMSN - This signal, which originates

in the CPU power supply, is used to .

clamp the memory address drivers in

an off state during power transient
conditions. IMSN may be issued only
following a POIL-SC sequence. The

IMSN signal also performs the memory

reset function. 4

ADV' - This signal is issued by the

CPU memory to signify that the SDR

has been loaded with the addressed

halfword or fullword.
e BUSY - This signal is issued by the

CPU memory to signify that a memory

cycle is in progress.

CAB BUS - The CPU CAB BUS con-

sists of 18 lines that determine memory

addressability. The function of each
bit is described in the section covering
the memory timing page. The CAB
lines must be stable prior to the
issuance of SELN or ASLCN.

e CDBE BUS - The' CDB BUS consists of
36 lines that define halfword or full-
word data to be stored in the CPU
memory. The CDB lines must be
stable for the duration of the DI.CN
signal. I

e MDB BUS - The MDB BUS consists of
36 lines that contain halfword or full-
word data just read from the CPU
memory, Information on the MDB
lines is valid only after the fall of ADV,
The CPU memory operates at a cycle

time of 800 ns for a read operation and

1.0 us for a store operation. Maximum

read access time is 375 ns. These times

contained on this page are: the timing gen-
erator, driver control logic, the storage
address register (SAR), the power switch
control logic and the voltage reference
(Vref) circuit.
The timing generator consists of a
470 ns delay line tapped at 10-ns incre-
‘ments, a delay line driver circuit, and
high-speed (548 series) TTL gates. A
memory cycle is initiated when a select
_command is received from the CPU. This
starts a pulse propagating down the delay
line. A ecycle is divided into read and
write portions. The write portion is
accomplished by recycling a pulse through
“the delay line. This recycle operation is
delayed in a read/modify/write mode. The
total'time required to complete the read

-and write portions of a cycle during the

read/regenerate mode is 800 ns.
The driver control logic includes a

- decode stage and an output buffer stage

which are made of a mix of Schottky and

“high-speed TTL gates. The decode stage
- receives inputs from the SAR and pro-

vides outputs which determine the operation

" (halfword or fullword) to be performed
~and the location in memory. The output

buffer stage generates a power on (PO)

- signal which activates the address drivers

on the selected storage page(s). A sepa-
rate PO signal is supplied to each storage
page so that control is on a halfword basis.

The SAR is an 18-bit register consisting
of standard, high-speed and Schottky

_edge-triggered flip-flops. Schottky is used

‘apply when the selected portion of memory

is in a standby state. If the selected
portion of memory is in a quiescent or
low power state an additional 470 ns is
required to power up to the standby state.

The EP/MCM timing page serves as a
logical interface between the memory and
the CPU as well as providing all the
necessary timing and control signals for
the storage pages. Functional elements

in the section of the register associated
with driver control logic and the X-driver
selection. Data is placed in this register
via the SAR load clocks. The output SAR
bits are decoded to select the desired
memory address and mode of operation
as follows:

SAR Bit Function
M1 32K Boundary
0 16K Boundary
L Full Word Selection
2-6 X Address Selection
7-14 Y Address Selection
15 Halfword Selection
co HW/FW Mode Selection

75-A97-001
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Power switch control logic consists
of resettable single shots; one for each
pair of storage pages, and a decode and
. timing control section. The single-shots
determine the amount: of time a given pair
of pages (fullword) will remain powered up.
This time is nominally set at 20 s. When
a single-shot times out, the associated pair
of storage pages revert to a low power or
quiescent state. Powering up from a quies-
cent state to a standby state requires a 470-
ns delay at the front end of a normal memory
cycle, to allow decode and stabilization of
voltages on the selected storage pages.
This delay is accomplished by an addi-

tional pass through the delay line prior to

the normal read and write portions of the
cycle. During this first pass all timing and
control signals to the storage pages are
clamped. Following this 470-ns delay, an
artificial select pulse (DSELN) is generated

. which initiates the normal read/write cycle.

A comparison is made upon receipt of se-
lect (SELN) from the CPU to determine if
the addressed pages are in a quiescentor a
standby state and, hence, whether or not
the 470-ns delay is required.

The Vref circuit is a precision voltage
source which supplies a -2.1-V reference
to the sense amplifiers on the storage
page. This voltage establishes the threshold
detection level of the amplifier.

Input h
Control T "1 Mode Timing Read/Write Read/Write Read/Write
Signals ! Pt ®1  Generator Control [P Buffers ' Signals to
Erom ——l—p{ - Control . | Storage Pages
CPU
gt:ttput T Ssiatus —@  FPower Power ™ | Power Switch
L,ﬂ;’m 1 Cortrok N | Switch . [——gp  Switch | Control Signals
=y ol | —gd Conwol Timers el ) 10 Storage Pages
]
— - Decods
Driver
- Control
Address { ———pd  Storage - |— % Driver Driver =T | gionals
Sl i | 3% nismivens  Control Gontral ! to
from —L—p1 Register - . Buffars |—i—e»
CPU Storage
V Reference
V Ref
Circult _’}to Storage
Pages
SAR v—® | Address Data
1 Buffers . to Storage
Pages
CPU Memory Timing Page Functional Block Diagram
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The EP/MCM storage page is the basic

~ building block of the CPU.memory. Ten

of these 8K word by 18-bit modules can be
plugged into the memory backpanel to give
a 40K word by 36-bit storage eapacity.
All storage pages interface exclusively
with the memory timing page via the
memory backpanel. This interface, with
the exception of the Vypef voltage, is
composed entirely of TTL compatible
logic: signals. :

The core array on the storage page is
a planar structure of 8-mil (I.D.), 14-mil
(O.D.) cores on 15-mil centers arranged
in two 272 by 288 matrices, These two
core mats are attached to multilayer inter-
connection boards: (MIBs) which are in
turn bonded to separate support frames
The two page sections fold together about
flex tapes connecting the top parts of the
MIBs. The Y address lines are continuous
between the two core mats thus forming a
core array having functional dimensions
of 576 X lines by 256 Y lines. There are
16 additional Y lines which serve as
spares.,

The 2-1/2 D organization of this
memory is implemented by segmenting the
core array in the X dimension to form
18 8K word by 1 bit sections. Sense lines
run parallel to the X lines and are con-
nected such that each 8K bit section con-
tains two 4K sense windings. Each bit has
a unique set of address drivers and a sense
amplifier. Since the Y lines are common to
every bit, the selection of an 18 bit word
is accomplished by addressing one Y line
and 18 X lines (one in each bit section).

* Address currents are supplied to the X
and Y lines by monolithic driver modules,
Each driver module has eight outputs
capable of generating bipolar half-select
currents. Also contained in these MSI
modules are a 1 of 8 decoder, timing and
polarity controls, and a power control
section. Driver modules not required for
active addressing are maintained in a low
power (standby) state. The X dimension
has two address drivers per bit. Address-
ing of only 16 of the 32 X lines in each bit
section is made possible through the use
of a phase reversal scheme. With phase

SELN ' ' : ‘L
PWR. SW. CONT . s A e

1 : b\ .

] R

DSELN 1| —)
DHV.CONT. rL r—q h———-—
e  Ey o W SRR R Y Sy
Y TIMING I n rl w——a h—-—
STROBE 1J LI 2 2
DATA OUT ¥ \¢ =t
ADVANCE l ill J : :
BUSY B l J - L e

@ 5453~ 8-375ns -

= 1270n ot 800ns ~Beta—— 205>

Quiessnt - Transition I Operate Operate Standby Quiesent
CPU Memory Timing Page Timing Profile
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reversal, two cores per bit receive both
- X and Y half select currents,. In one core
these currents are coincident while in the
other core the currents are anti-coincident,
Selection of either core is controlled by
reversing the polarity of the X drive cur-
rents. Inthe Y dimension address currents
are supplied through a diode matrix con-
sisting of two diodes per line. This matrix
is really two separate 8 by 16 matrices,
each servicing 128 Y lines. Addressing of
the 8 by 16 matrix is done with four driver
modules. On the diode side of the ‘matrix,
one driver acts as a voltage source while
a second driver acts as a current sink.
On the common side of the matrix two
drivers perform both source and sink
functions. : 3
Outputs from the two 4K sense segments
associated with each bit are tied separately
to the inputs of a dual channel monolithic
sense amplifier. These inputs are time
strobed to provide maximum signal to
noise ratio. A precise reference voltage
sets the discrimination threshold at a
ncminal value of 7 mV. The outputs of the
two channels are ORed together at the input
of a latch, This latch which serves as the
Storage Data Register (SDR) is an integral
part of the MSI sense module. Output data
from the SDR is combined with the X driver
timing: signals to provide control of infor-

75-A97-001 .

mation to be stored in the core. When the
output of the SDR represents a logical zero
for a particular bit, the timing signal for

that X driver is inhibited during the write =~

portion of the: cycle.

Each storage page contains three tem-
perature-controlled voltage regulators (TCV).
- These hybrid circuits supply precision
voltages which vary as a function of the
page temperature. Address drive current
levels are controlled by these voltages such
that the core half select current is main-
tained at nominal over the full temperature
operating temperature range,

The EP/MCM storage page contains.
a power switch feature which minimizes
standby power. Voltages to all components
on the page with the exception of the TCV
circuits are switched. The power switch
is a hybrid module having a response time
of 400 ns. When the power switch is in an
off condition, the storage page is in a
quiescent power state. When the power
switch is in anon condition, the storage
page is in a standby power state, When the
switch is on and the address drivers have
been selected the storage page is in an
operate power state. A storage page
in a« quiescent state must first be powered
to a standby state before a normal read/
write cycle can occur,

L S
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4.7 INPUT/QUTPUT

Full Word, Bi-directional, Multimode Channel

The input/output (I/O) consists of a
bi-directional, multimode, 32-bit
parallel data channel. The channel oper-
ates. in either the program controlled
input/output. (PCIO) mode or the direct
memory access. (DMA) mode, The PCIO
mode first transfers a 32-bit command
word (CW) from the CPU to the Input/
Output Processor (IOP) to establish
initial interface command and control with
a particular device. If a program control
output function, the CPU then transfers
a 32-bit data word to the IOP and if a pro-
gram control input function the IOP then
transfers 32-bit data word to the CPU.

The DMA mode is initiated by the IOP.
In this mode, the IOP transfers a 19-bit

75-A97-001

> Program Controlled or Direct Memory. Access modes for input output data transfer operations.

memory address to the CPU via the DMA
Address Bus for either input or output

data transfer commands, For DMA input
functions, the IOP provides a 32-bit data

word input on the data bus concurrently
with the address information to provide
data for the memory store operation., For
DMA output functions, the read portion

of the memory cycle provides a 32-bit
data word to the data bus for output to

the IOP.

In addition to the I/O channel, extraneous

I/0 interface functions provide for four
discrete outputs, five discrete externally
activated interrupt inputs, and monitor/
control signals.
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epuls s g EMOON -EMISN o yiich Haliword Data Bus
u
Channel l@EMPHN 5 High Hallword Dara Bus Parity

DPEHN & High DMA Output Data Perity Error
g EMISH - EMIIN e Low Heliword Data Bus
BN & Low Hallword Daia Bus Parity

DPE!.N Low Halfword DMA Output Dats Parity Error

STPPN — 5= d Store Protect Bit/Monitor
‘_UM,__,_ Data Request Lo

DTACN T hen

DMALN DMA Made Reguest

,

il o DMA Mode dga
‘HHCN— DMA Input Mode

DOMA

- Disable DMA Mode
-—-—-———DGCWN Gated Command Word
LSRN o Gote TrisState Drivers
L. Reset Interface
- A
EBMZN S x81h DMH Addruss Bus
P

coPN DMH Address Bus Parity
& DMA Halfword © d
P e s bR R (i Vi
q&——_ System Reset

Fullword Channel Interface

CPU
Extraneous
o :
Interface

X00S

BDDSN 3
e ——

SPRIN.

SPRZN

Tranimit Disable Djscrete
BCE Disable Discretg

Spare Discrete 1

Space Discrete t

Group | |OP Interrupt (External Interrupy 0)
Group Il 10P Int;rrup_( (Extarnal Interrupt 11
Graup Il 10P Interrups {External Interrupt 2)
Spare |OP Interrupt (External interrupt 3)

Spare |OP Interrupt tEamn_gl interrupt-41

Machine Reset
CPU Malfunction
1-ps Clock

Stop Cantrol 1
Stop Control 2

c

Discrete and Interrupt Interface
4-27
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Program Controlled I/0 (PCIO)

Program-controlled I/O operations trans-
fer one fullword between a CPU general reg-
ister and an I/O device. The operation is
- initiated by executing the privileged instruc-
~ tion "Input/Output.” A control word (CW),

; ~ in a second general register specified by the

© instruction, defines the specific I/0 opera-

¢ tion and the specific module or device as—
. .sociated with the operation. -

e ——— — e ——rm——————— ——

The execution of a PCIO instruction
transfers the content of the CPU. general
register specified by the R2 field to the IOP
as a Control Word (CW) and then transfers
to or from the general register specified by
the R1 field. The CW specifies whether the
data transfer is an input or output and fur-
ther identifies the operation or command.

|

| ! ‘| lol |

I Op : S o R

‘_I ol A I'J.._l J__11.L'|1.L° i S

1112 13 15

Program-Controlled 1/0 Instruction (PCIO) :
VTT'"-—"—___-—_—-_-—--_'—_'—""———"'
Ipl ' : |
Lt Ld Ll 1 l._!_.J_J__,I_J__l_.i._Q_._L._Lm_l

Control Word (CW)

The fields of the CW are defined as

follows:

ID: For an input operation, bit 0 must
be coded as 0. For an output opera-
tion, this bit must'be coded as 1,

Command (M): Bits 1-31 specify the
particular operation to be performed,
and can be used to expand the basic
input and output operations. For
example, they can be coded to specify
sense and.control operations, In
executing an input operation, the
channel (1) transmits the 32-bit CW
to the external device; and (2) subse-
quently loads 32 bits of information,
transmitted from the addressed device,
into general register R1. In executing
an output operation, the channel (1)
transmits the CW to the external

75-A97-001
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device, and (2) subsequently transmits
bits 0-31 of general register R1 to

the addressed device. The specific
definition of the command bits is appli-
cation dependent, The only restriction

placed on the system design is the
definition of bit 0.

. The interface sequences for both pro-
gram controlled input and output operations
are handshaking sequences which are
asynchronous to CPU operations, However,
if the I/O fails to respond within approxi-
mately 9 microseconds, the instruction
will timeout and set a condition code of 01,
If the instruction completes correctly, a
condition code of 00 is set. Channel cir-
cuitry generates add parity for each high
and low halfword of the data transfer.

ey = ——
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DTRON
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Direct Memory Access I/O Operation (DMA)

The Direct Memory Access I/O opera-
tion consists of reading from, or storing
into, a halfword or fullword of memory as
specified by the DMA Address Bus., The
transfer is initiated by the IOP issuing a
DMA mode: request (DMAIN). The channel
will grant DMA mode priority (GPIN) and
inhibit: CPU main data bus access unless
a PCIO operation is pending. Once GPIN

__— goes inactive or a disable DMA (DDMAN) 5

]

r
goes active, further CPU main bus access
are inhibited until either the DMAIN line S’

oceurs,
The data bus consists of two 16-bit half-
word buses, each with an associated parity &
. bit. The parity for each 17 bits must be odd.
The address bus, containing 18 address bits
plus one parity bit, must also have odd
parity. Formats for the data and address
words are shown. :

CBPN  CBM2 CBM1 c8o cB1 CB14  CBIS
opD MSB 33 *'ﬂ" -
Address Word f
EM00 EM15  EMPH EM16 - EM31 EMLH f
MSB oDD Lss |noD
Data Word

For DMA outputs, mainstore parity is
checked by the channel and if a parity error
is detected for either halfword, the appro-
priate DMA output data parity error line
(DPEHN or DPELN) is activated. Odd parity
will be generated for the transfer. For DMA
inputs, the parity bits are checked; and if
parity is even, the store operation will be
inhibited, and the addressed location will
be unmodified. Likewise, if DMA address
parity is even, a store operation is inhi-
bited and the address location is unmodified,
and for either a read or a store, DPEHN and
DPELN are activated.

The DMA may be either burst mode or
interleave mode, In burst mode, the I/O
maintains control of the main data bus by
holding the DMA mode request active and
toggling data request for each word trans-
ferred. This provides maximum data trans-
fer rate but prevents the CPU from executing
instructions or servicing interrupts during
the period of the burst transfer. In inter-
leave mode, the I/0 toggles both the DMA

mode request and the data request for each
word transferred. This permits the CPU
to gain access to the main data bus and

therefore to main store, thus allowing
execution of CPU instructions and servic-
ing of interrupts,

Four control discretes are associated
with the DMA operation. DMA input mode [
(STRCN) must be active when data request
goes active to perform a DMA input, If
DMA halfword command (HWCI) is active J
when data request goes active, a halfword '
DMA operation will occur. High or low
halfword is specified by address bit CB15. L
The reset interface (RDIFN) discrete is
issued by the CPU to command the I/O to
abort any 1/0 operations in progress, reset
all Interface lines to the CPU, and prepare o
to accept a command. This discrete is used
when abnormal I/0 conditions exist which
must be cleared immediately. The Disable 5
DMA mode discrete (DDMAN) is issued by

the CPU to inhibit DMA interference during
critical CPU operations. A DMA operation g
in progress will be allowed to terminate

normally but further DMA transfers are

inhibited. ' The I/O should complete the T
data word transfer in progress and then
deactivate the DMAIN lin., The abnormal
termination sequences are also shown,

/
]
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GheAd

I DMAIN
GPIN
| DIAON
I DTACH
cMBuS
Dotainpu |
I
l RSIFN
STACN
I ot 5
Addew 1 Address 2
| SHON  ——— oo s
| Abnormal Terminate DMA Interface Sequences
DaaIN
4 d o
e
—
OTHON F l,
D1ACH ‘ r
pad . Data Ingt 1 e ¢ AL NAT T,
DOMAN F F - F - t—————— f——
RSIFN 5 ¢ A 4 =
! RTICN ; :‘ J'
AR A 1 F—ﬂq e
[ Adchess
= GADN ;" JPJL ‘I} I £

Interleave DMA Interface Sequence

DMAIN NN SA-HIBY
. . - *
=l +F . —
GPIN
DTRON
oTAcK
EMa’ S
Data topur 1 B e Dita Gurput 1
- | ecxbopura
DoMAN -

RASIFN

t = =

STACN

caBus
Ackdigss 2

[ f’* o e Eo

Burst DMA Interface Sequence

Avken 3
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1/0 Error Conditions are reported as CPU interrupts. In addition,

certain of these errors generate other
error indications as shown in the following
1/0 Error Condition table.

Specific error condition checks are
made during I/O operations and any errors
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//0 ERROR CONDITIONS
Error ‘!ndication Interrupt Com;nents

PCIO Timeout Condition Code 01 | N/A N/A

Even DMA Address | Interrupt Code 05 | I/O Group IT | DMA inputs Do Not

Parity Modify Storage;
Forces Qutput Parity
Error Discrete

DMA Address Interrupt Code 03 | I/O Group IT | Disable DMA Mode

Exception : Discrete

PCI Even Parity Interrupt Code 01 | I/0O Group II | N/A

DMA Input Even Interrupt Code 02 | I/O Group II | Does not Modify

Data Parity Storage

DMA Input to Store | Interrupt Code 04 | I/O Group II Does not Modify

Protected Location Storage

DMA OQutput Storage| Interrupt Code 02 | Machine Forces Output Parity

Parity Error Check Error Discrete, Sets
Fault Latch

75-A07-001 4-32
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Initial Program Load Operation

Initial Program Load (IPL) operation
ysing the DMA interface allows program
Toading without utilizing support ground
equipments, Three additional interface
signals IPL Mode (GLKON), System Reset
(SYRN) and Store Protect Bit (STPPN)
are required to support this function,

The IPL mode is entered by first acti-
vating System Reset then by activating
GLKON and the deactivating SYRN, The
CPU microprogram then executes a basic
self test, enables the store protect logic
and enters a microprogram loop testing
GKLON and branching back. When the
Disable DMA (DDMAN) line goes inactive
the DMA mode may be initiated by the IOP
for the program load operation,

The ST'PPN line must be utilized to
load the store protect bit(s) for each word
loaded. If STTPN is active on a fullword
load, both halfwords willbe protected;
if STPPN is inactive, both halfwords will

80-/8 S

be unprotected. For halfword operations,
only the addressed halfword store protect
bit is established.

After completing the IPL load function,
a verification of the loaded locations may
be accomplished by executing a DMA
output, The STTPN Line will be active for
fullword outputs if either halfword is pro-
tected; for halfword outputs it indicates
that the addressed halfword is protected.

Following verification, SYRN is acti-
vated, GKLON is deactivated and SYRN
then deactivated. The CPU is now ready
to begin instruction execution from the
System Reset PSW location,

During the IPL mode of operation,
since the CPU microprogram s not
operating in a normal mode, the normal
DMA error indications do not apply, The
IPL error conditions and the required
actions by the IOP are listed in the IPL
Error Conditions table,

SYRN

GLKON

DMATN

GPIN

DTACN

}4—. Initial S-uu-mc—.l

Initial Program Load Beginning and Ending Sequences

IPL via DMA
Operations

Imtiale
Program
Execution
From Syst
[ Resct PSW

3 Location

!.‘__ Ending Sequence —.I

IPL Error Conditions

Error

Indication

CPU Action

Required 10P Acton

Even DMA Address
Parity

Output Parity Error
Discrete

Inhibit Data Load
clock, Recycle
Interface

Re-iry Transfer

Error Discrete

DMA Address Disable DMA Inhibit transfer, System Reset

put-of-bounds ; Inhibit DMA priority, Re-try Transfer
Disable DMA

Even DMA Input Output a Parity Inhibit Data Load Re-try Transer

Data Parity clock, Recycle

Interface

Even DMA Qutput
Storage Parity

Output a Parity
Error Discrete

Set Fail Latch,
Recycle Interface

‘Re-load Location

4-33 75-A97-001
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Within the space shuttle configuration,
the mainstore designated "'internal memory"

_ is physically located in the CPU and con-

sists of 40K fullwords. An additional main-

. store area of 24K fullwords designated

, ""external memory" is physically located in
i the TOP umit. A third External Memory

~ Unit (EMU) may be utilized to add up to a
- 11 total main store configuration of up to 256K
= O fullwords, :

The asynchronous memory interface used

~ for internal memory is maintained for exter-

nal memory with the exception that the data is
transferred via a bi-directional tri-state bus
and address parity is checked by the external
memory. If even address parity is detected,
the external memory generates the BCP INT

75-A97-001

4-34

interrupt and inhibits the Data Load Clock.
The signal Pure Store Control (STRN) is
utilized by the external memory to control
enabling the tri-state Data Bus Drivers.
The external memory configuration bits
are biased at the external memory drivers
to specify the amount of external addressable
mainstore in the system. The biasing on
the CPU receivers is such that if the ex-
ternal memory is powered off, the memory
configuration is limited to the 40K internal
memory. For a 24K IOP memory, MCM2N
is driven inactive and MCM1N, MC14N, and

- MC15N are driven active. These bits are

used by the bus control unit to determine
address exception violations.

pcielink, =3
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ACPN

ACCON

POLN
ESCLN
ASELN
AADVN

ABSYN

BCPINT
——

MC15N
MC14N
MCM2N
MCMIN

AMOON - AM35N

ACM2N - AC15N

Bi-Directional External Memory Data Bus-

External Memory Address Bus
External Memory Address Parity Bit

External Memory Address Halfword Mode

Pure Store Control

Split Cycle Control

Data Load Clock

External Memory. Age SAR Load Clock

- Power Off Interrupt to External

External Memory Select
External Memory Age Select
External Memory Advance

External Memory Busy

External Memory Address Parity Error

External Memory Configuration 00
External Memory Configuration 01

External Memory Configuration M2
External Mamorv-confignminn M1

CPU C/M External Memory Interface
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4.8 FAULT DETECTION

Hardware and Software Detect Greater Than 95% of Faults

Built-in-test equipment (BITE) hardware and
main starage, combine to
perfarmance,

Built-In-Test Equipment

BITE hardware features are shown on
the block diagram. These complement the
Self-Test Program (STP) to provide _
greater than 95% detection of the hardware
failures that affect computer operation.
Details on the BITE hardware features are
as follows:

@ Main Store Parity - All data and instruc-

tion transfers from main storage are
checked for odd parity on a halfword
basis. Odd parity enables detection of
complete loss of information where all
zeros are even parity. Selected data
words with even parity are generated in
PSA Location 2 for use by the STP to test
the parity checking circuits.

e Timing Stopped Detect - An RC circuit,
designed to remain charged, is used to
detect loss of CPU timing.

e Microstore Parity - Odd parity is checked
on all microstore read operations.

e Power Monitoring Circuits - The power
supply output voltages are monitored for
loss of voltage or qut-of-tolerance DC
voltages. If this occurs, the fault indi-
cator is automatically set.

e Storage Protection - Storage Protection
prevents hardware or software over-
writing of specified prestored data and
instruction locations. An interrupt is
generated when an attempt is made to
alter a protected location, Locations for
protection are specified either during
initial load or under control of the
program,

e Illegal Operation - Instruction operation

codes are tested automatically, as each

is executed, to ensure that an invalid or
unused operation resulting from a logic
failure does not leave the CPU in an

unknown state. Should this occur, a

program interrupt is generated.

4-36

self-test program (STP), partially contained in microstore and
give a high degree of fault detection, thereby assuring high confidence in

e Illegal Address - Any attempt to address
main storage outside the configured
number of words result in an address
specification error,

e I/O Parity Assignment and Check - Odd
parity is generated and checked on all
I/0 transfers.

e Instruction Monitor - The instruction
monitor prevents the mistaken execution
of variable data (non-storage-protected)
as an instruction, and it generates a
maskable interrupt.

e Real Time Counter - 32-bit counter

.with a 1us basic clock that can be
. loaded and read via software.

CPU Self-Test Program

STP utilizes microprogram test routines
resident in microstore to reduce main stor-
age and execution time requirements and to
allow testing in a cyclic fashion. In the
operation mode, the processor portion of
the CPU is tested using fewer than 350
halfwords and less than 1 ms of time. The
memory operations are tested using BITE.

Preflight or operational readiness test
of memory utilizes less than 150 additional
halfwords of storage and less than 300 ms,
for 64K fullwords of memory. These tests

- provide testing of all drivers, amplifiers,

addressing circuits and cores prior to
flight or critical phases of a mission.

The STP may be co-resident with the op-
erational flight program (OFP), The OFP
may control the manner of STP execution;
l.e., cyclic, background or pre-flight exe-
cution. The STP provides fail or pass
decision about the CPU functions tested and
saves information pertinent to a detected
failure.

B R  .
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4.9 AGE INTERFACE

. Interface Is Compatible With Microprogrammed Test Set

R verify functions.

80-/.8 SWIN

o7 xog

. #7

S 44

The CPU interface AGE signals listed
in the table are compatible with the micro-
programmed test set (MTS). These inter-
face signals provide the necessary
functional control and data transfers to
enable external control and test of the CPU.

Provides interface to exercise the CPU for software debug,

4-38 -
75-A97-001

~a?
hardware fault detection, and memory load/

Execution of micro orders, which are
entered into the CPU ROS Data Register
from the AGE interface provides the capa-
bility to load and read all CPU registers r
and counters which are otherwise not !
available outside the boundaries of the CPU.
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Signal Logic Level| Input/
Pin AR ecals Signal Name Slgnal Functonal Description 5 T output
13| XBOOON | Bus Out Position 0 ) Uigh| Low | out
14 | XBOOIN Bus Out Posltion 1 High| Low | Out
21| XBOO2N Bus Out Position 2 High| Low | Out
23 | XBOO3N | Bus Oul Position 3 : High| Low | Out
32 | XBOO4N Bus Out Position 4 High| Low | Out
33 | XBOOSN Bus Qut Posltlon 5 High| Low | Out
43 | XBOOGN Bus Out Position 6 iigh| Low | Out
45 | XBOOTH Bus Out Positlon 7 High| Low | Out
56 | XBOOSN Bus Out Position 8 20-Blt Parallel AGE Bus Out, All Scan Out Uigh | Low | Out
67 | XBOOON Bus Out Position 9  p  [-Data Except Microprogram Instructions s High| Low | Out
79 | XBO1ON Bus Out Position 10 Via This Bus High | Low | Out
80 | XBOLIN Bus Out Position 11 High| Low | Cut
82 | XBO12N Bus Out Position 12 High | Low | Out
92 | XBO1aN Bus Ow Position 13 High| Low | Out
102 | XBO14N Bus Out Positon 14 High | Low | Out
104 | XBOISN Bus OQut Position 15 High| Low | Out
113 | XBOI6N Bus Qut Position 16 e High | Low | Out
114 | XBO17TN Bus Out Positlon 17 High | Low | Out
127 | XBO1AN Bus Out Position 18 High | Low [ Out
128 | XBO19N Bua Out Position 19 High | Low | Out
51 | XSTP1N AGE Stop 1 Stop Centrols Specify Unique Computer High | Low | In
52 | XSTP2N AGE Stop 2 Run/Halt Conditions High| Low |In
62 | XAION Stop Internal Stop Internal Osetllator, Computer High | Low | In
Osdillator Timing Under Tester Control
B4 | XSYSRN System Reset Initalizes Computer to Known State High| Low | In
57 | XWAIT Walt State Walt State Indicator Low | High | Out
58 | XMSTL Monltor Stop Time Computer Stop Indicator, 1 or 2 Low | High | Out
Level
69 | DNUD Don't Use Display Control Signal to Inhibit Use of AGE Interface Low | High | Out
09 | XIADY Adyance AGE Interface Slmulates Computer Memory Advance High | Low [ In
15 | XIBUSY Busy Simulates Computer Memory Busy High | Low | In
16 | XISEL Inhibit Select Inhiblts all CPU Selection to Memory High [ Low |In
18 | XIREQ Iohibit Request Inhibits All 1/0 Selection to Memory High | Low |In
25 | XLDCLK Load Clock Loads SAR or SDR per XBOC High | Low |In
26 | XECLKI External Clock Clocks Data (XEXDI) into AGE Data Reglster Low | High | In
37 | XEXDI External Data AGE Serial Data High | Low | In
48 | XEXSS External Start Starts Computer Memory Cycle High | Low |In
49 | IOPEN 1O Parity Error 10 Channel Parity Error Indicator High | Low [ Cut
50 | CPUPEN CPU Parity Error CPU Parity Error Indicator High | Low [ Out
59 | GNGTN Go/No-Go Time Out N/A for Space Shuttle High | Low | Out
53 | XINTN Inhibit Interrupt Inhibits Generation of Macro Interrupts High | Low |In
55 | XBUMP Bump Clock that Enables the Transfer of Data High | Low |In
according to the Microcode
66 | XRDIN ROS Data In Serial Data to the AGE ROS Scan Register High | Low | In
65 | XCONT Continue Conlinue in nceordance with Stop Lines 1 and 2 High | Low | In
106 | XMINTN Microinterrupt Mi 1 pending Indi High | Low | Out
105 | XMANTN Macrointerrupl Macrointerrupt pending Indicator High | Low | Out

Signal Logic Level| Ioput/
Pin Mineniide Signal Name Signal FuncHonal Description a 1 | Output
38 | XEDIS Enable Display Enable Selector Override Display High | low | In
40 | XHLSC Hard Scan Enable Hard Scan High | Low | In
24 | XAEXSS Allow External Start Signal Inhiblts Computer Generation of Memory High | Low | In
Signals, Allows External Signals from Tester
Control for Computer Memory Load/Verily
34 | XGOSDR Gate Out SDR High or Low Half SDR Gate to AGE Bus Uigh | Low | In
47 | XGDI Gate Data In Gate into elther SAR or SDR according o XBOC High | Low | In
46 | XBOC Bus Contro] Controls Gating of Data to either SAR or SDR MNigh | Low | In
27 | XRDCLN Register Clock AGE ROS Scan Register Clock High | Low | In
122 | XP12V H2vDe +12VDC Pawer Supply Menitor Signal
123 | XP5V +5VDC +5VDC Power Supply Monitor Signal
124 | XN5V -5VDC ~5VDC Power Supply Monitor Signal
01 | XEQ External Oscillator External Timing Simulates Computer Oscillator High | Low | In
03 | XCP2 Clock Pulse 2 5 MHz CPU Clock 2 Monitor Signal Low | High | Out
05 | XCTCLK Counter Clock 5 MHz Counter Clock Monitor Signal High | Low | Out
110 | XIFDI Instruction Fetch End of Operation Signal Low | Iligh | Out
Data Input
119 | XP3 Priority 3 Indicates that CPU is Using Memory, Low | High | Out
75 | XCADVN Computer Advance With this Signal and XP3, Memory Requests nre High | Low | Out
Identified 2
88 | XSATN AGE Time Level Start AGE data serial transfer for AGE in Instruction | High | Low | Out
76 | XRA00 ROS Address Bit 0 Low | High | Out
41 | XRAOL ROS Address Bit 1 Low | High | Out
42 | XRAO2 ROS Address Bit 2 Low | High | Out
109 | XRAO3 ROS Address Bit 3 Low .| High | Out
10 | XRAO4 ROS Address Bit 4 i Low | High | out
12 ; XRAO05 ROS Address Bit 5 12 Bit Microprogram Instruction Address Low | High | Out
13 | XRA06 ROS Address Bit 6 Reglster Scan Out Low | High | Out
20 | XRAQT ROS Address Bit 7 Low | High | Out
78 | XRAD8 ROS Address Bit 8 Low | High | Out
90 | XRAD9 ROS Address Bit 9 Low | High | Out
100 [ XRA10 ROS Address Bit 10 Low | High | Out
101 | XRAI1 ROS Address Bit 11 Low | High | Out
81 | XGBAN Gate ROS Bus Control A) | Controls that Select the Function of the High | Low | In
29 | XGBBN Gate ROS Bus Control B} AGE ROS Scan Register to be Loaded or High | Low | In
30 | XGBCN Gate ROS Bus Control CJ |Read High | Low | In
116 | XRDOT ROS Data Out AGE ROS Scan Reglsler Serial Data Output High | Low | Out
31 | XLDRDN Load ROS Data Register |AGE Supplied ROS Data Register Load Clock ligh | Low | In
115 | XRPERN ROS Parity Error 'ROS Parity Error Indication ligh | Low | Out
95 | XSPERN Store Protect Error Store Protect Error Indication High | Low | Out
87 | XBUSYN Busy Memory Busy Indication High | Low | Out
85 | XADEXN Address Exception Address Exception Indication High | Low | Out
97 | XAOUTN AGE Out AGE data ready Indication for AGE oul Instruction High | Low | Out
74 | XAITPN AGE Interrupt Causes AGE Interrupt When Actvated High | Low | Out
439 75-A97.001
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Input Formats

The input formats for the AGE Data
register is defined below: The order
of shifting in is bit 19 first.

See page 4-44 for a description of the
AGE ROS Scan Register formats. The AGE
ROS Scan Register is a 48 bit serially

Output Formats

loaded register. The order of shifting in
is bit 48 first.

This subsection defines the format of
the AGE output bus, The control is set to
select the desired register for output on
the AGE bus. The control lines and XBO
lines are defined in the table,

Input Formats
Tnput AGR
Destination 0 1 2 3 4 5 6 7T 8 910 11 12 13 14 15 16 17 18 19
SAR M3 M1 CO M2 0 1 2 3 4 5 8 7 8 9 10 11 12 13 14 15
SDR High MOP ZERO PH 001 2 3 4 5 6 T STPH 8 9 10 11 12 13 14 15
SDR Low MOP ZERO PL 16 17 18 19 20 21 22 23 STPL 24 25 26 27 28 29 30 31

*ZERO means logic zero

M3
M2
M1
MOP
co
PH
PL
STPH

= Most significant address bit

Next most significant address hit

= Third :nost significant address bit
= Memory operation bit; 0 = Read operation, 1 = Write operation

STPL =

75-A97-001

4-40

Control for fullword/halfword select; 0 = fullword select, 1 = halfword select
Parity high; parity bit for the high data halfword

Parity low; parity bit for the low data halfword

Store Protect High, store protect bit for the high data halfword
Store Protect Low, store protect bit for the low data halfword

TR SRS

|
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AGE OUTPUT BUS
Control
' Signals
XBO
0 é 1
e Output 8 8 B =
00N 01N 02N 03N 04N 05N OGN 07N 08N 09N 10N 11N 12N 13N 14N 15N 16N 17N 18N 19N
Displayed : ] ;—2 =
I 9 CAB M3 M2 CO Mi 0 1 2 3 4 6 6 7 8 9 10 11 12 13 14 : 15 I Zi kX
SDR |MPE 2 PH 0 y Y 3 4 5 6 7 SPH 8 9 10 11 12 13 14 15 A A
I SDR  |[MPE Zz PL 16 17 18 19 20 21 22 23 SPL 24 25 26 27 28 29 30 311 2 Z Z 1
SDR  |[MPE A PH o 1 2 3 4 5 6 7 SPH 8 9 10 11 12 13. 14 15 A | zZ Z
I SDR  |MPE z PL 16 17 18 19 20 21 22 23 SPL 24 25 26 27 28 29 30 31 | 58 AT
+*AGR [MPE z GP 3 4 5 6 7 8 9 10 Z 12 13 14 156 18 17 18 19 I Zwk 1
I *AGR [MPE '/ GP 3 4 5 6 7 8 9 10 Z 12 13 14 15 18 17 18 19 X 1 1 I
The information on the AGE output bus is defined as a logic one when the bus is at a low level and a logic zero when the bus is at a
I high level,
MPE = Memory Parity Error Z = Logical Zero GP = Output of Parity Generator
l X =Don't Care I = Logical One i

75-A97-001
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Registers Definitions and Controls
The CPU contains a 20-bit serial input

shift register denoted as the AGE Register
(AGR). The loading of this register is
controlled by two AGE lines denoted
XEXDI and XECLKI. The data input line is
_ & XEXDI and XECLKI is the clocking line,

. The data is shifted serially into the AGR

' by setting the data line to the desired level
" and then cycle the clock line, see Figure 1.

ST ey
XEXDI Logic Zero

XECLKI FEEEREEE LY,
Data Entered 0 [s RERRN 1 EES NP | 0

In AGR

Figure 1. AGE Register Data Clocking

The data line is to be settled a minimum
of 20 ns before the clock line is set to ONE.
The clock pulse is to be stable for a mini-
mum of 20 ns at ONE before it is set to
ZERO. The maximum data rate transfer
is one MHz. The minimum data rate
transfer is determined by the MTS.

The AGR register positions are denoted
as AGR00, AGROL...AGR19 where AGR19
is the first bit shifted in and AGR00 is the
last bit shifted in,

The output of the AGE data register
connects to the multiplexer which forms the
computer bus (CPB) and via dot nands'to
the computer address bus (CAB). The
AGR outputs are gated on whenever the
signal XGDI =1 or the current microorder
contains a microorder miscellaneous Hex
code of FXD (where X is any hex digit).

As shown in Figure 2, the XGDI signal
gates the AGR outputs to both CPBHI (0-15)
and CAB at the same time, The clock
signals SLC and DLC enter data from the
respective Luses to the respective registers,
Pulsing of the two clocks is controlled by
XGDI, BOC, and XLDCLK signals as
shown in Figure 3.

75-A97-001

As indicated in Figure 3, the content of
the AGR is transferred to the SAR when
XGDI = XBOC = ONE and XLDCLK is
pulsed. The B MPX controls are -condi-
tioned to load memory when XGDI = ONE,
XBOC = ZERO, and XLDCLK is pulsed.
The AGR data is actually transferred to
the SDR during the memory cycle by an
internally generated data load clock. The
A MPX controls are conditioned during the
memory cycle by maintaining XGDI = ONE
until the end of the cycle.

Two signals are provided for external
initiation of a memory cycle. The signals
are defined as Allow External Start Store

 (XAEXSS) and External Start Store (XEXSS).

When XAEXSS = ZERO, the XEXSS signal

is inhibited. When XAEXSS = ONE, the

rising edge of XEXSS issues a select to
the memory (starts a memory cycle) (see

Figure 4). AGE memory operations are

halfword only.

Figure 4 indicates the selects are not
issued to the memory when XAEXSS =
ZERO. When XAEXSS = ONE selects are
issued on the rising edge of XEXSS. To
issue another memory SELECT, XEXSS
must be lowered and again raised. The
actual width of the down level of XEXSS is
not important. The only important timing
consideration is that the leading edge to
trailing edge of the XEXSS must be 300 to
400 ns.

' Figure 1 defines the gating of the AGR.
The contents of the AGR are gated to the
SDR and SAR, according to a previous
paragraph as defined in the following
paragraphs,

When loading the SAR, the AGR outputs
0, 3, 1 and 4 to 19 are gated in CAB posi-
tions M3, M2, M1 and 0 to 15, respectively.
AGR position 2 is connected to the SARCO
position, SARCO = ONE indicates the memory
operation is halfword. This bit is used by
the memory for controlling the power up/
down circuits when a SELECT is issued to
the memory.

4-42
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Figure 2. One Typical Bit of Bus

The MOP bit (ARGO) indicates either a
read or store operation is to be executed

when SELECT is issued to the memory.
I MOP = ONE causes a store operation and
) MOP = ZERO causes a read operation when

SELECT is issued.

l When loading SDR HIGH, the AGR outputs

2 to 19 are gated into SDRHP (High Parity),
SDRO to 7 SDRHS (High Protect), and SDRO
to 15 positions, respectively. When loading
SDR LOW, the AGR outputs 2 to 19 are
gated into SDRLP (Low Parity), SDR16 to
23 SDRLS (Low Protect) and SDR24 to 31
positions, respectively.

 xBoc

XG0l

XLDCLK

SLC

DLC

XAEXSS

XEXSS

XCADV

Logic One
Logic Zero

Logic One
Legic Zero

Logic One

Logic Zero

Logic One

Logic Zero

Logic One

Logic Zera

Logic One

Logic Zera

Logic One

Logic Zero

Logic One
Logic Zero

XAEXSS

XEXSS

SELECT

ADVANCE

Figure 3. AGE Memory Load Sequence

One
Zero

One

U
]

Figure 4. Memory Cycle Start

a4
|
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AGE ROS Scan Register (ARSR)

The AGE ROS Scan Register (ARSR) is:

a 48-bit parallel access shift register which

is serially accessed by the MTS through

the AGE connector. This register pro-
vides parallel access to the computer
microprogram storage area, and through
this access enables execution of the follow-
ing functions: !

1. Enter a micro order into the ROS Data
Register for execution by the CPU. This
function permits loading or reading of
CPU registers.

2. Read the output of the ROS Data Regiser
at a specified time,

3. Read the output of the PROM (micro-
store area) at a specified address.
These three functions are available

through AGE only when the CPU is halted.

4. A fourth function can be executed which
enables observation of dynamically
gleaned information, Each time a

MODE
ARSR Disabled

coccoH |ZewWa
COoOHHM|ZEW QK
crorFMIZOWE QK

Place ARSR in Serial Mode

micro order is executed, the operation

is finished by supplying the next PROM

address to the microstore area,

- fetching the next micro order, and
storing it in the ROS Data Register.
This information is simultaneously
stored in the ARSR. Therefore, if the
CPU is halted at the end of a CPU cycle
or is being operated in ROS single step,
the next micro order can be read from
the ARSR. The PROM address from
which this micro order originated would
have been the last address on the AGE
PROM address bus before the halt
command,

To understand the data flow of the
ARGSR and the associated AGE supplied
signals, Mode control of the ARSR is
accomplished through signals XGBAN,
XGBBN and XGBCN as shown in the fol-
lowing table. Note XGBAN is used as a
control bit to enable or disable ARSR,

Place ROS Data Register Output on ARSR Parallel Input
Place PROM Data Qutput on ARSR Inputs

Place ARSR Parallel Data Output on ROS Data Register Input

Mode Control Truth Table

75-A97-001
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The ARSR is loaded by the MTS in the
following manner, Mode control lines
‘XGBAN, XGBBN and XGBCN are all set to

- logic zero, placing the ARSR in serial mode.

Data is supplied on line: XRDIN and clocked
in by clock signal XRDCL.

The data line shall be set and stable a
minimum of 50 ns before the clock line is

" set to one. The clock input is a symmetrical

square wave with a maximum rate of 1 MHz

+ and a minimum uptime of 500 ns.

Once loaded, the contents of the ARSR
are parallel loaded into the ROS Data
Register by setting the mode control lines
to logic 001, This places the ARSR outputs
on the ROS Data Register inputs, and, by
removing the prior 000 code, places the
ARSR in parallel mode. The contents of
the ARSR are loaded into the ROS Data
Register by a single negative clock pulse on
signal line XLLDRN,

To read the output of the ROS Data
Register, mode control lines XGBAN,
XGBBN and XGBCN are set to logic 011. -
Note that this places a logic one on the
RDOT Line and a logic one on the PRLD
line. This places the ROS Data Register
output on the AGE ROS Scan Bus, and
places the ARSR in parallel mode. The
contents of the ROS Data Register are
loaded into the ARSR by a single negative
clock pulse on signal line XLDRN,

The contents of the ARSR are now avail-
able to the MTS via the ARSR serial data
output XRDOT. The ARSR is placed in
serial mode by setting mode control lines
XGBAN, XGBBN and XGBCN to logic 009,
The register is shifted when the XRDCI,
line is pulsed to a logic one. The clock
should be a symmetrical square wave with
a maximum rate of 1 MHz and a minimum
pulsewidth of 500 ns.

75-A97-001
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To read the output of the PROM at a
specified address, two functional steps are
necessary. First, a PROM address is
supplied via the ROS Data Register, and
second, the PROM output is scanned out via
the ARSR. The PROM address is loaded in
microorder form as previously stated. The
table opposite lists information pertaining
to establishing the microorder. Upon
execution of this microorder, the next
PROM address is derived and placed on
the PROM address bus. PROM informa-
tion is now placed on the AGE ROS Secan
Bus by setting mode control lines XGBAN,
XGBBN and XGBCN to logic 010. The in-
formation present on the bus is now stored

" inthe ARSR by pulsing negative XLDRDN.

Note that the PROM data is also stored in
the ROS Data Register at this time. The
PROM address is verified by reading lines
XRA00 through XRA11,

The contents of the ARSR -are now
available to the MTS via the ARSR serial
data output XRDOT. The ARSR is placed
in serial mode by setting mode control
lines XGBAN, XGBBN and XGBCN to
logic 000. The register is shifted when
the SRDCL line is pulsed to a logic one.
The clock is a symmetrical square wave
with a maximum rate of 1 MHz and a

. minimum pulsewidth of 500 ns,

XADIN s

s EEERERITE T L

DATA 1 1 1 a 1 o o

ARSR Load Clock and Data Relationship
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MICROORDER FORMAT FOR FORCING PROM ADDRESS

BITNO; 0 1 2 3 4 &5 6 7 8 B8 10 11 12 13 14 15 16 -17 18 189 20 21 22 23 24 25 26 27 28 29

SET'IO:OUOIllEIﬂll]_.000[]000110000-12345'0

BITNO: 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45

R, R, R, R R R
SETTO: 262 %8® 0 0 o0 o0 0 o o0 0% P o

l : 4-47 275-A97.001
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. CPU Register Load and Display Functions

By issuing a single negative pulse of

- = 200NS duration, minimum, on the XBUMP
' line while the CPU timing is stopped, the
- CPU is forced to execute the micro-order
'Stored in the ROS Data Register. This

pulse simulates the computer clock. By
executing a series of AGE supplied
micro-orders, CPU registers are loaded
or displayed. The tables below illustrate
specific micro-orders which are used
during load and display functions.

ROS DATA REGISTER LOAD CODES

Function

AGR - BREG LO, BREG LO -+ BREG HI

BREG LO - ROS BACKUP REG

BREG BITS 24-27 - PREG BITS 8-11

BREG BITS 16-23, 28-31 - PREG BITS 0-7, 12-15

ROS ﬁata Word

3CEO07FEB0000

228057F80000 BREG -+ AREG

22C057F80001 BREG - CREG

22E057F80000 BREG - DREG

22005F800001

22005F 880000 BREG LO -~ NIR

22C05F980001 BREG LO - OREG
22C05FA00000 BREG LO = CTR 0
 22C05FA80001 " BREG LO - CTR 1
| 22C05FB00000 BREG LO - CTR 2
22C05F900001

22C05FB80001

42C022A00001 SET STAT 19
42C02AA 00000 CLEAR STAT 19
42D657F80000

CREG - LS PER STAT 19, OREG 8-11

75-A97-001
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ROS DATA REGISTER DISPLAY CODES

Function

ROS Data Word

42C057C80001 NIR ~ BREG LO
42C057D00001 STAT 0-15 = BREG LO
42C057D80000 OPREG - BREG LO
42C057E00001 CTRO - BREG LO
42C057E80000 CTR1- BREG LO
42C057F00000 CTRZ ~ BREG LO
42C057TF80001 PREG - BREG LO
02COTFA80000 AREG -R - BREG
02A057F80000 AREG —~BREG
22COTFAB0001 BREG -R - BREG
22A057F80001 BREG - BREG
42C0TFA80001 CREG -R - BREG
42A057F80001 CREG -BREG
62COTFAB0000 DREG -R — BREG
62A057F80000 DREG -BREG
42C657F80001

LS - AREG PER STAT 19, OREG 8-11

NOTE: -R - Indicates High to Low and Low to High

4-49
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AGE Output Bus

The AGE output bus consists of 20 bits
denoted XBOOON to XBO19N. The content

. of the bus is either the complter address

bus (CAB) or the main data in bus (MDI)
bits 16-31, Selection of which bus is
gated is shown below,

—

BOC - ' l_
XBOC LLR
N oMo MDIN r
. A
. _ 3 |
XGOSDR —glu.n N N DCA an ol
; : CABN
AGE Output Bus

Two signals determine if the MDI BUS
or CAB BUS are to be gated onto the
AGE output bus, When XGOSDR = ZERO
and XBOC = ONE, the cab is gated to AGE
Bus. When XGOSDR = ZERO and XBOC =
ZERO, the MDI BUS is gated to the AGE
EJS as shown in the figure above, and the
CPU Registers (AR, BR, CR, DR) are gated
onto the CPB. By proper selection of
mic.o orders, the CPB is gated direct or
reverse (CPB16-31, 0-16 to MBUS 0-31
respectively) to the MBUS and then to MDI
16-31. The Memory Bus (MDB) is gated
direct or reverse based on the content of
SAR 15. The MDB is gated to the MDI

when XEDIS equals one. The table on page
4-41 shows the content of the Bus for
memory verify functions.

Oscillator Simulation

Two signals are provided on the AGE
interface for simulating the CPU internal
oscillator, The XAION, when at ONE,
inhibits the CPU internal oseillator to
the timing generator. The signal XEO
simulates the internal oscillator, XEO =
ONE, the internal oscillator equals a
ZERO and XEO = ZERO, the internal i
oscillator equals ONE as far as the timing [
generator is concerned. See Figure below.

d
INT 0SC . One | I I I.l —[ |
Zero'
- L
One " ,
XAION Zero. 4 I_
One P F
XEO il 4 :
Oscillator Simulation I—
7
A
4-50 -
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Clock Control

Three signals are provided on the AGE
interface for controlling the computer
clocks. Two of the signals XSTP2N and
XSTP1N determine how the clocks are to

. be generated and the XCONT enables the

generation of the clocks. The logical
states of XSTP2N and XSTPIN are defined
in the table below. The stop line skew

must be less than 100ns.

CONTROL CLOCKS
XSTPIN XSTP2N Function
'ZERO ZERO RUN
ZERO ONE Stop at End of CPU Cycle,
ONE X Stop at End of Instruction.

4-51
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Single CPU Cyecle

Suppose the computer is running
(executing a program). To stop the
computer at the end of a CPU cycle,
XSTP2N is setto 1. The CPU is then
halted and the I/O channels are reset at
the end of the current CPU cycle. The

CPU will remain halted until XCONT is

set to 1 and then returned to 0. If XSTP1IN
= ZERO and XSTP2N = ONE, the CPU;is
advanced one CPU cycle and then halted.
The CPU cycle is executed on the rising
edge of XCONT. This is defined as single

cycle. The minimum time for a CPU cycle

is 0.20 us. The CPU is: stopped with CPU
clock 1 up.. Note that during single cycle
mode, Direct Memory Access (DMA)
operations are possible only on the basis of
one DMA per CPU cycle. Thus, for a 16~
word DMA ‘transfer, 16 CPU single cycles
must be executed, :

Instruction Stepping

Suppose the computer is running and
the CPU is to be halted at the end of the
current instruction. In this case, XSTPIN
is set to 1 and at the end of the current in-
struction the CPU is halted, Note that the
level of XSTP2N is a don't care in this
case. Each time XCONT is raisedto a1

4-52

and returned to 0, a single instruction is
executed. This ip defined as instruction
stepping. During instruction stepping the
I/O channel will remain operating, If
the CPU is halted, and XSTPIN and
XSTP2N are then set to 0, the CPU will
remain halted until XCONT is cycled to a
1 and returned to 0. The instruction is
executed on the rising edge of XCONT.
To implement instruction stepping, an

interrupt which causes the putaway routine
to be entered is forced during the last
micro instruction of the current instruc-

tion being processed. In the putaway routine

(see figure) the current PSW, GPR set 1,
2, FPR set 1 and programmer's working
register set, CTR #1, CTR #2 and OP Reg
are stored and the clocks are stopped. To
execute the next instruction, XCONT is
pulsed which forces completion of the put-
away routine. Here the condition of wait
state is checked, then the current PSW is
fetched. The instruction step interrupt is
reset for one clock eycle, and a last
microinstruction of the current instruction

micro order is executed to begin execution -

of the next instruction, or the WAIT state
is entered, depending on whether WAIT
state was the condition prior to the
interrupt. '




sanyaly AJISIeaiun pue suonoa(o) [evadg ‘'saueiqi] AUsIaaun 21e1s ENYDIAA

suBWNDOJ VSN 10 UanoajjoD ojAewo] 3 sswer IQ

i E Start of
10 arce. .
b i Putaway
i{ ! Interrupt pRoutine
3 I 3 -
o !
T Last :
R £ UFrent. Instruction: i
£ A M Disable
= Instruction of Current: All Interrupts
P _ Instruction
4 J
Lo
k Store - Store Store
= tore . Store: Fitg. uProgmris f.
3 %'m Gr 1 Gr3 Point ‘Working g:tm: g‘:’;
; i @ @ Aegs Regs Store Stop
S @ @ @ @ —— @ —
: 00Co . 0000 Opreg Clocks
%}?D i St . ?:50 :):FD 0101 0102
i 000F . - 000F T
j 0012 P 00EF 00FF
fol
i
b Microcode Operations for Putaway Routine
|
=4 >
W
i
o™
3 No Last Next
| Check Fetch :
> Reset Instruction Inst 3
{ | Xeont et Loation Wait Interrupt of Current b ruedon
o State 10,11 State Instruction
o
x
%8 E
) nter
@ | Yoo Wait
:"“:: | State
1
|
|
M
‘M
Mt 7
el Microcode Operations to Leave Putaway and Resume Operation
Sl
e EF
| 4-53 .75-A97-001



sanyaIy ANISIBAIUN PUEB SUOHDS|I0D) [erads ‘ssueigi) AUSIaAILN 91e1S ENYIIAN

sjUBWN20(] YSYN 1o uonoajjon oyfewo] "3 sawer “ig

80-/8 SW

T/ ©F xog

T

AGE Inhibits

Two signals on the AGE interface are
provided to inhibit the CPU from recog-
nizing I/O memory request, and inhibit
all memory request. The signal XIREQ
when a ONE inhibits all I/O memory

request; the signal XISEL when a. ONE
inhibits all memory request.

Input Busy and Advanee Simulation

Two signals are provided on the AGE
interface for simulating the BUSY and
Advance (ADV) signals which are outputs of

the memory to the CPU. XIBUSY and XIADV

equal ONE simulates a logic one in the

memory BUSY and ADV signals respectively.
The XIBUSY and XIADV at ZERO simulates -

a logic zero on the respective memory
signals to the CPU.

These two signals along with the two
memory inhibit signals allow the CPU and
1/0 to be checked out without the use of
the memory unit,

System Reset

The XSYSRN signals allows the reset-
ting of the CPU by external control, When
XSYRN =1, the CPU is reset and program
execution is halted until XSYRSN is re-
turned to 0,

Error Outputs

There are three error output signals
denoted as XCPUPEN, XIOPEN and
XGNGTN. For all signals an error has
occurred when the signal is at low level
and no error at a high level,

The XCPUPEN indicates a memory
parity has occurred during a memory
request. The XGNGTN signal indicates

75-A97-001

" xP3 One

the Go-No counter has reached the count
of 0. (This signal is not appliéable on

- Space Shuttle machines.) The XIOPEN
signal indicates an error has occurred

" in the channel,

‘Clock Outputs

Two signals denoted as XCP2, and
XCTCLK are the CPU Clock Pulse 2,
and Counter Glock respectively. Each out-
put when at a high level indicates the clock

is at a logic 1 and a low level indicates the
clock is at a logic 0.

Memory Qutputs
There are two memory related output
signals denoted as XCADVN and XP3 on the
AGE interface. The XCADVN signal when
“a logic 0 indicates the memory advance
signal is being generated. The advance
signal is generated as a result of a memory
request by either the CPU or the I/0. The
XP3 signal when at 1 indicates the CPU
has issued the memory request, The XP3
signal is always raised before XCADVN is
lowered. From these two signals, it can
‘be determined if the CPU or the 1/0 memory
-request is being honored. See figure,

One
XCADVN Zarc

E

Zero

CPU

——rr--
_dd__

.

-——

Memory Qutputs

4=54
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Time Level Outputs
Four CPU time levels denoted as XIFDI,
XWAIT, XMSTL and XSATLN are on the
AGE interface. the XIFDI when at ONE
indicates the next CPU time level to be set
is IFTCH. The IFTCH time level is the
first CPU cycle executed at the beginning
- of every instruction. The XWAIT signal
“when at ONE indicates the CPU is in the
WAIT state. The CPU will remain in the
WAIT state until an interrupt is generated.
The XMSTL when at 1 indicates the com-
puter is in a stop state. This time level
can only be issued when XSTPIN or XSTP2N
=1 and the CPU has halted. The XMSTL
signal, when a 1, indicates the CPU has
been halted.

4-55

The XSATLN signal when at ONE indi-
cates a LAGE instruction is being executed.
The LAGE instructions read a halfword

from memory which is gated onto the AGE

output bus. The memory halfword is used
by the external equipment.

' Channel Busy

The DNUD, when at ONE, indicates

. the channel is busy, When stopping the CPU

at the end of an instruction, CPU or I/0
registers cannot be displayed or loaded

_unless DNUD = 0 and XMSTL =1, If an

attempt is made to display or to load a
register when the above two conditions

_are not true, the CPU or I/O operation

being executed will interfere with the
loading or display operation.

'75-A97-001



sanyaly AjIsIaalun pue suonoajjo) [enads ‘sauelgi AusIsaiun alels BIUDIAN

sjuaWNoog YSYN 10 uonos|jon oxAewo) '3 sewer g

80-/8 SW

244 T

g, % xog

5!

75-A97-001

‘Load AGE and READ AGE Instruction
Sequences

The LOAD AGE/READ AGE instruction
provides computer software with the capa-
bility of entering AGE data into CPU regis-
ters via the AGE data register and/or out-
putting data from CPU registers to the
AGE DATA BUS. The LOAD AGE/READ
AGE instructions are RR format instruc-
tions in which an AGE control word is
specified by Bits 16-31 of the R2 field
(see Figure 1), Bits 0 - 15 of the R1 field
are specified as the source of data in a
LOAD AGE instruction. Bits 0 -15 of the R1
field are specified as the destination of data
in a READ AGE instruction,

' The sequence of events within the CPU
during LOAD AGE/READ AGE is shown
in Figure 2. Timing of these operations is
further defined in Figure 3. Note that the
microcode operations shown in Figure 2
are not on a one for one basis with actual
microcodes, but are rather a block descrip-
tion of the microroutine which executes .
the given instruction.

An AGE interrupt is provided (XAITPN)
to enable computer peripherals to gain
CPU attention so that operator initiated
LOAD/READ functions may be honored.
This operation must be supported by soft-
ware, which defines the particular opera-
tion through the AGE control word (see

. CPU Principles of Operation Manual),

oP R1

X7vO0

R2

1] 4 5 7

L N [ 1
8

11 12 13 16

Figure 1. RR Format Used in Load AGE/READ AGE Instructions

4-56
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Load AGE
Instruction

[AGE Write]

.Disable
/0

The

This

‘Disable
/o

Pulss XAOUTN
(600ns)

(16 Bits) of the
Instruction R2
Field {AGE Cantrol
Word) is Available
on the AGE Out
Data Bus During

Pulse XAOUTN
(600ns) © .
The Low Half

{16 bits) of the: .
" Instruction R2
Field (AGE 5
Control Word) is - |
Available-on-the. |
AGE Out Data
Bus During This
Pulse

Low Half

Pulss

Pulse XSATLN] -
(600ns)

; Start Serial
Transfer

Fetch Requested

Bus

4

Data and Place on |
L | AGE OutData

Delay for
Approx, 28us
s0 AGE Data
Reg. can be
Loaded

Pulse XAOUTN
(600 ns)

|_I Data Requested

by Instruction R1
Data Field on AGE
Qut Data Bus
During Pulse

Store the
AGE Data
Enable Received To Next
1o " (18 Bits) Instruction
into R1
(Hi) Field
Enable P To Next
/0 ; Instruction

Figure 2. Microcode Operations for Load AGE/READ AGE Instructions

Read AGE
XAOUTN sy _’?i
45
o]
=600 s >
|
]
. XSATLN 200ns—h. g
+5 Aé
l—600ns —
0
‘I
e = 245
trol Word Start r_-'-'—-|f
On AGE Qut Serial Store Data
Bus Transfer In Register
Load Age -
XAOUTN
45
0
8—600ns -'- =1ps -I-euom-
Control Data On
Word On AGE Out
AGE Out Bus
Bus
Figure 3. Load AGE/READ AGE Timing
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~ AGE Interface Signal Characteristics

All test signals between the CPU and the
MST are single ended type signals. Ground

- integrity between the MST and the CPU is

maintained by multiple signal ground con-
nections through this interface. All in-
puts to the computer are received by spe-
cial logic level receivers having high

- noise thresholds and. are specified so that

an open connector condition presents a
logic zero to the internal hardware. At
the interface, the logic signals are defined

Circuit Protection — Each output with-
stands short to-ground without permanent
damage.

Overshoot — Overshoot and undershoot
does not exceed 20% of the nominal sig~
nal amplitude.

Grounding — Each driver is referenced
to the computer signal ground.
Recommended Receiver — Logic Level
Receiver (IBM part number 6088076) or
equivalent.

Driver Type II — This driver type is used

e

S

|

_ﬂ-ﬂ

o g LT

as follows:
e Inputs
- . Logic "1'"" = low voltage level
- Logic "0" = high voltage level or
"open" circuit
e  Outputs
- Logic "1" = See Table 1-1
- Logic "0" = See Table 1-1

on output signals that have minimum pulse |
widths of greater than 200 ns. The follow-

ing characteristics are provided for two 8
conditions. One in which the driver is the
only voltage source and the other case
where the driver is connected to a LLR or
equivalent receiver.

e High Level

sjuBWIN0( YSYN 10 Uonoa|jo) oxkewo] ‘3 sswer 1Q

Ch@z xog
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Output Signal Characteristics

Because of the variety of signal types
and pulsewidths involved, the AGE output
drivers are selected on a speed vs hard-
ware tradeoff basis. The two driver types
used on this interface are deseribed below.
(See table for cross reference of signal
type and driver type.)

Driver Type I — This driver is used for
signal types having minimum pulsewidths
of 200 ns or less. The following signal
characteristics are provided for two con-
ditions; one in which the driver is the only
voltage source, and the other case where
the driver is connected to a Logic Level
Receiver (LLR), or equivalent, having an
input pull-up network to +5 V,

e High Level

+5.5 V maximum at 0.0 mA (open circuit)

+2.4 V minimum at 0.4 mA (sourced)

+4.0 V minimum when connected to LLR.
e Low Level

=1.0 V minimum at 0.0 mA (open circuit)

+0.4 V maximum at 26 mA (sinking)

@ Rise Time — 0.2 us maximum when

driving a lumped capacitance load of
250 pF.

e Fall Time — 0. 2 48 maximum when

+5.5 V maximum at 0.0 mA (open circuit)
+2.4 V minimum at 0.4 mA (sourced)

+4.0 V minimum when connected to a LLR.
Low Level ‘

=1.0 V minimum at 0.0 mA (open circuit)
+0,4 'V maximum at 20.0 mA (sinking)
Rise Time — 0.2us maximum when driv-
ing a lumped capacitance load of 250 pF.
Fall Time — 0.2 us8 maximum when driv-
ing a lumped capacitance load of 250 pF.
Circuit Protector — Each output withstands
shorts to ground without permanent damage.
Overshoot — Overshoot and undershoot
does not exceed 20% of the nominal sig-
nal amplitude.

Grounding — Each driver is referenced

- to the computer signal ground.

Recommended Receiver — Logic Level
Receiver (IBM part number 6088076) or

. equivalent.,
Input Signal Characteristics

All test signals into the CPU are re-

ceived with Logic Level Receivers having
the following characteristics.
e Threshold — High level threshold is

+3.0 V minimum
— Low level threshold is
+2.0 V minimum

.

I
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driving a lumped capacitance of 250 pF. ¢ Common Mode Noise — +1 V maximuin
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specified as -3. 0 mA maximum at +0.4 V
and +0. 05 mA maximum at+15,0 V.

- ® Recommended Driving Souree — Any TTL
Series 5400 Nand gate.

( j e Circuit Protection — All input lines
e withstand +15 V from signal line to
l e . ground without damage. .
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3 i e Input Impedance — The typical input im-

pedance is 5K ohms. Input currents are

. SIGNAL AND DRIVER CROSS REFERENCE

Sig;nal

Driver Type

£

Minimum: Pulsewidth

XBOOON - XB0O19N

: 100 ns Pulse

|
X
: XMSTL Level
i XMINTN 200 ns Pulse
z XMANTN 200 ns Pulse
H XCP2. 100 ns Clock
| XCTCLK 100 ns Clock
i XIFDI. 200 ns Pulse
] 5 XP3 1 ms Pulse
: XCADVN

XRA00 - XRAT1
XRDOT

HHEHEHEHER"HHHHHH o e e

450 ns Pulse
100 ns Pulse
450 ns Pulse

- XRPERN 200 ns Pulse

: XSPERN 300 ns Pulse

N XBUSYN 700 ns Pulse

| XADEXN 100 ns Pulse

{ IOPEN 250 ns Pulse

[ i CPUPEN 250 ns Pulse

1 GNGTN 250 ns Pulse

= XSATLN | 600 ns Pulse
o0 X WAIT Level

| X AouT

7 xo8 ___ 808

f

= ‘:Q

IR A

e

8%,

600 ns pulse
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Cable Requirements

The cable type recommended for the
AGE interface is a combination of twisted
pair and coax cables with an overall outer
gross shield. The twisted pair cable has a
nominal impedance of 110 ohms line-to-
line and the coax a nominal impedance of
90 ohms from center conductor to shield.
The low side of each twisted pair and the
shield of each coax is connected to signal

ground at both the computer and tester
ends. The outer gross shield is connected
to the computer structure and tester
frame via a low impedance RF connection.
The table is a listing of all AGE signals and
recommended wire type for each.

The AGE interface operates over a
maximum cable distance between driving
and receiving circuits of 15 ft.

AGE CONNECTOR PIN LISTING

80-/8 SN

)

C

S";‘? M:H

Recommended
Signal AGE Pin Wire Type
XWAIT 57 TP
XMSTL 58 TP Jumper Returns
DNUD 69 TP to Pin 70
RETURN ; : 70
XIADV ; 09 TP,
XIBUSY . 15 TP Jumper Returns
XISEL 16 TP to Pin 17
XIREQ ) 18 TP
RETURN 17
XLDCLK 25 TP
XECLK1 26 TP Jumper Returns
XEXDI y 37 TP to Pin 36
XEXSS > 48 TP
RETURN ' 36
IOPEN 49 TP
CPUPEN - 50 TP Jumper Returns
GNGTN ; 59 TP to Pin 60
RETURN 60
XSTPIN 51 P
XSTP2N : 52 TP Jumper Returns|
XAION 62 TP to Pin 63
XSYSRN 64 ™™
RETURN 63
XINTN 53 TP
XBUMP : 55 TP Jumper Returns
XRDIN 66 TP to Pin 54
XCONT 65 TP
RETURN . 54
75-A97-001 4-60 / /
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el h €F Xod 80-/8 SIN
I Er*:-{:l:l \h &F X0
1y
I AGE CONNECTOR PIN LISTING (cont)
Recommended
' Signal AGE Pin Wire Type
XMINTN 108 TP
XMANTN 105 TP Jumper Returns
XEDIS a3 TP to Pin 39
I XHspc 40 TP :
RETURN ]
XAEXSS 24 P
XGOoshr b1 TP Jumper Returns
xpoc 6 TP o Pin 35
XGDr 47 TP
RETURN 35
XRDCLR 27
RETURN 28
xpizy 122 TP
Xpsy 123 TP Jumper Returrs
| XN5V 124 TP to Pin 125
RETURN 125 '
XBO0ON 13 TP
XBOOLN 14 TP Jumper Returns
XB002N 21 TP to Pin 22
XBO03N 23 TP
RETURN 22
I XBOOAN 3z TP
XBOOSN a3 TP Jumper Returns
XBOOGN 43 TP s Pin 44
. XD0OTN 45 TP
| RETURN 44
XBOOAN 56 TP
XB009K 67 TP Jumper Returns
I XLOION 79 TP to Pin 68
XBO1IN 30 TP
RETURN 68
Xno1zN a2 TP
I XBO13IN 92 TP Jumper Returns
XDOT4N 102 TP to Pin 103
XBOISN 104 TRT
| RETURN 103
! XBO1GN 113 ™
XBOITN 114 TP Jumper Returns
& XBO18N 127 TP to Pin 121
1 XBOI9N 128 ™
RETURN 121
XEO 01 Coax
| RETURN 02
: = xcez 03 Coax
RETURN 04

#

NG {cont)
Recommended
Signal AGE Pin Wire Type
XCTCLK 05 Coax
RETURN a6
XIFDI 110 Loax
RETURN 12
XP3 19 Coax
RETURN 120
XCADVN 15 Conx
RETURN v
XBION 8 Coax
XSATLN 88 Caax
RETURK 89
XRA00 76 TR
XRAO1 20 TP Jumper Returns
XRAo02 42 TP to Pin 108
XRA03 109 TR
RETURN 108
XMG_! 10 "
XRAOS 25 TP Jumper Returns
XRA0G 19 TP o Pin 8]
XRAQT 20 TP
RETURN 81
XRA0S 8 TP
XRAOS o0 TP Jumper Returns
XRA10 100 TP to'Nin 111
XRALL 101 T
RETURN i7h
XGBAN 61 ™
XGBBN 29 TP Jumper Returns
XGBCN a0 TP o Pin 96
XRDOT 116 e
RETURN a6,
XLDRDN a Coax
RETURN 11
XRPERN 116 Copx
RETURN 107
XSPERN 95 . Con
RETURHN 94 =
XBUSYN s Conx
RETURN 86
XADEXN 85 Conx
RETURN 84
XAQUTN a7 Coax
XAITPN 4 Conx
4-61
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4.10 POWER SUPPLY

Modular Units - Functionally Oriented

The Modular Power Supply (MPS) provides modular functions with common design and hardware

utilization.

The space shuttle general purpose com~-
puter uses two ldentical modular power
supplies, one within the central processor
unit (CPU) and one within the input output
processor (IOP). The MPS converts 28
VDC input power to the required operating
voltages,

Each MPS supplies operating voltages of
+5 VDC, +12 VDC, -5 VDC for either CPU
or IOP operation and a -12 VDC for IOP
operation only. Additional logic circuits,
used only in the CPU operation, monitors
the power status for the IOP, EMU, and the
CPU itself, At power up, at power down,
or at loss of power, the MPS is sequenced
on or off in an orderly fashion to assure
that no stored data or program instruction
is affected by input power transients.

Functional Operation
The power supply block diagram is shown

on the opposite page. The Internal Voltage,
Serial Dissipative Regulator (SDR) and the
two Controller Assemblies are pluggable
through a 49 pin connector into the power
supply backpanel while the DC/DC con-
verters consist of frame mounted high power
dissipative components. The EMI filter is
a separate module mounted in the CPU ad-
jacent to the power supply module. The
functional blocks in the power supply are as
follows:

DC/DC Converters (2)

Internal Voltage Assembly

Controller Assembly 1

Controller Assembly 2

Series Dissipative Regulator Assembly

090

DC/DC Converter

The CPU power supply contains 2 DC/DC
converters, converter 1 provides the +5 V,
50 A output while converter 2 provides the
+12V, 19.3 A output and preregulated -8 V
and -15 V (+8%) Input voltages to the SDR
Agsembly, Each converter consists of an

75-A97-001 (

input ripple/energy storage filter, four
power switching transistors and associated
drive circultry, a transformer/inductor
assembly, output rectiflers and output filter
capacitance, The conversion is accom-
plished in a push-pull (pulse width modu-
lated) converter configuration operating at
25 kHz.

Converter 2 has -8 V and -15 V outputa.
Each bave individual rectifiers and output
filters. The +12 V output, which is sensed
by the controller, is regulated to +3, -2%.
The other outputs are effectively pre-
regulated to +8% by the control loop. Fur-
ther regulation is provided by the series
dissipative regulators,

The controller assembly provides a
clock logic signal, which contains the vari-
able rate and pulse width control informa-
tion, for converter operation., The con-
verter driver logic converts the clock signal
to alternate current drive to switch circuits
for push-pull converter operation. Trans-
former coupled converter drive allows total
ground isolation between Input and output
returns within the power supply.

Internal Voltage Operation
The Internal Voltage (IV) Assembly con-

tains a self-starting low power single ended
converter and the Power Off Intercept (POI)
detector.

The IV converter voltages P40VI (+40 V
P12VI (+12 V), P5VI (+5 V) and M6VI (-6 V)
are used for internal power supply opera-
tions only.

The POI detector issues the POI signal
only after the following two conditions have
been met. 1) The input voltage is of suffi-
clent amplitude to assure regulation of the
DC/DC converter outputs and 2) the I. V.
output voltages are within 95% of their nomi-
nal values which assures correct operation
of the power system. The DC/DC converter
operation is inhibited until POI is issued.

o

Controller 1 Operation
Controller 1 contains the control func~

tions, Clock 1 and Start, for the +5 V DC/
DC converter. The over current (OI) de-
tector inhibits the clock 1 output when the
+5 V output current exceeds an approximate
50 Amp limit, Other circuits monitor the
power supply output voltages and generate
a fault output signal when either an under
voltage (~5%) or over voltage (+5%) condi-
tion occurs during normal operation.

The memory clamp signal (IMS/PORN)
which inhibits memory operation during
power up or power down transitions is also
generated within controller 1.

Controller 2 Operation
Controller 2 performs the output voltage

sense, Clock 2 and OI current sense func-
tions for the +12 V DC/DC converter. Ad-
ditional logic generates the Power Off In-
terrupt Delayed (POID), Power Down and
Master Power On Reset (MPOR) required
for the GPC system operation,

SDR Operation
The Series Dissipative Regulator (SDR)

performs the +2% regulating functions on

the Pre-regulated DC/DC converter output
voltages to provide the regulated CPU sys-
tem voltage of -5 V. The control portion

is powered by P12VI and M6VI internal volt-
age providing a low differential voltage from
input to output minimizing power dissipation
in the SDR. Foldback over current detection
is also incorporated to attain low power dis-
sipation during output overload conditions.
An output overload condition only affects the
associated SDR output.

Power Supply On-Off Characteristics

" The power supply internal voltage cir-
cuit is the first section of the power supply
that responds to the application or restora-
tion of input power. When the filtered 28 V
power reaches a voltage level of approxi-
mately 12 VDC, the internal voltage circult
starts. Regulated bias voltages are de-
veloped with a controlled rise time of 2 1
ms, during which time a continuously
clamped POI signal prevents main power

supply functions from beginning, A voltage
detector that is set at 95% of nominal bias
voltage levels releases the POI clamp when
the filtered 28 V input has reached a mini-
mum Jevel of 21 VDC.  The main converter-
.regulators are then enabled and regulated

output voltages are generated with a con-

trolled rige time of 4 +1 ms. The Master
Power-On Reset (MPOR) signal is at a down
level condition until the regulated voltage
monitor circuits indicate an in-tolerance
condition. MPOR is available at the compu-
ter interface for external use and will be
used in the power supply as an inhibit signal
to the Inhibit Main Store (IMS) clamp to en-
sure that memory cannot be addressed when
MPOR is at a down level. The IMS signal

is at a down level condition to inhibit main
store operations from sensed power applica-
tion until 80 +20 ms to ensure stabilization
of the computer timing oscillator and the
main store voltages., These events are
illustrated in the timing diagram.

The power-down sequence is initiated by
the power-off interrupt signal, whenever the
filtered 28 V input voltage decreases to a
level of 17.5 VDC. Upon receipt of the POI
signal, the processer must complete any in-
process instruction and store the general
registers and program status data. A POl
delayed (POID) signal is issued 100 us later
to the main store which, after completion of
the current memory cycle, issues the signal
Storage Complete (SC), The issuance of SC
initiates the actual power-down sequence.
The power supply control signal START
inhibits the Master Power On Reset (MPOR)
signal, which initiates the Inhibit Main Store
Clamp (IMS) and sets all external logic sig-
nal Interfaces to the logical one state. Once
the power-down sequence has started, it
continues to completion regardless of sub-
sequent power line status,

There Is no danger of a power-down
"race'" condition, since the'powet supply
output filters can sustain regulated voltage
levels for a minimum of 25 ps, following the

(
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Inhibit appliuafion. The status of the gen-
eral system clamp Is assured during the
power system output voltage decay interval,

The CPU and IOP power supplies each

¥

=l @3 Xog

the form of input filter capacitors. The
time Interval over which the power supply
can continue to function without applied
power, starting at a minimum input voltage
of 23,2 VDC, is 400 us before issuance of

have built-in energy storage capability in POI,
28VDC Grausd ———————Q EMUFOI
Input Isolation —————=0IorPPO|
I I I ——0 CPUMAL
l —oO s¢c
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Filter |
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CPU Power Supply Block Diagram
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Modular Power Supply (MPS)
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4.11 LOGIC TECHNOLOGY
Proven Circuit Families Fully Characterized

Three logic-circuit familjes, selectively
the CPU.

The CPU uses TTL (transistor/transistor
'logic) gates as the basic building block.

The entire TTL family is designed so that
each TTL version interfaces directly with
each other in the same system, to provide
the computer with the optimum speed/
power product. The circuit diagrams for
the three versions of TTL unit logic cricuits
are shown, :

Each version of TTL operates identically,
and this operation can best be explained by
examining the transfer curve, With the input
low, the output will be two base-to-emitter
voltages (VBg) below V,, or, typically,

3.6 V. When the input is allowed to rise

to 0,8 V, the output voltage will be greater
than 2,4 V, as guaranteed by the source
control drawing (SCD). A further increase
in input voltage will turn on the phase-splitter
transistor and the output inverter, respec-
tively, causing the output voltage to fall,
The maximum down level is specified to be
0.4 V, maximum, at its rated load. There-
fore, a 400-mV noise margin is guaranteed.
Likewise, the SCD logical 1 input test con-
dition is. 2,0 V, which is, 0.4 V below the
guaranteed minimum logic 1 output of 2.4V,
In both states, guaranteed noise immunity
is 400 mV. The above levels are guaranteed
by the manufacturers over the full military
temperature range of -55°C to +125°C, Note
that the 54S family has a superior transfer
characteristic, which raises the DC input
level for maintaining the output high-level
condition; this compensates for the slightly
higher down-level offset voltage of 0.5 V

to maintain noise margins.

Detailed characterization of parts from
each family consists of measuring all static
input/output circuit parameters and dyna-
mic performance under worst-case conditions,

75-A97-001

applied for function and speed, are fully characterized for use in

over the full military temperature range.
The resulting vast file of TTL circuit per-
formance data was used to develop the
electrical acceptance test screens used

to procure these circuits, These screens
are more restrictive than the vendor's
published screens and have proven very
effective in maintaining control over TTL
circuits purchased from three vendors.
For instance, equipments developed from
the original unit logic 54XX TTL circuits
have had trouble-free production lives in
excess of § years.These same screening
methods are in use today, and the same
characterization and screening philosophy
is applied to new circuits as they are added
to the list of circuits approved for use in
Advanced System/4 Pi technology.

In addition to the electrical characteriza-
tion, comprehensive examinations of the
construction and processing of each circuit
chip and package were performed. As part
of this procedure, microsections of the
chip and package are made to evaluate such
parameters as diffusion depths, oxide
thicknesses, metal thicknesses, inter-
metallic interfaces, and die attachments,
Photo enlargements of the chips and package
permit studying line spacings’, diffusion
widths, registration, bond placements, etc.
Finally, scanning electron microscope
micrographs reveal passivation, metal
grain structure, and metallization integrity
at oxide steps.

The logic design for the CPU takes ad-
vantage of maximum density integrated cir-
cuit functions. The complex funutions and
unique custom designs used are shown in
the tables, All are bipolar TTL or TTL-
compatible, with single-level metallization,
and are packaged in 14- and 16-pin flatpacks,

4-64
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Series 54 TTL Unit Logic Circuit Diagrams

AT

UNIT LOGIC MODULES
Standard-Speed High-Speed Highest-Speed
Series 54M Series 54H Series 545

Quad-2 NAND Dual, 4-Input NAND Quad-2 NAND
Quad-2 Dot NAND | Single, Quad AOI Triple-3 NAND
Quad-2 NAND Dual Trigger Dual 4 NAND
Triple-3 NAND 13-Input NAND
Dugl~4 NAND Dual Trigger
8-Way NAND Hex Inverter
Hex Inverter 4-2-3 2 AQL
Dual 2-2 AOI 3-Way AND
2-2-2-2 AOI Quad DFF
Quad Ex-OR Quad Ex-OR
Dual Trigger

COMPLEX FU{VCTIGN AND MS!| MODULES

Function TTL Type

4-Bit Arithmetic Logic Unit 548
Carry Look-Ahead Module 548
8-to-1 Multiplexer 548
8-Bit Parity Checker 54M
Dual Four-Bit Multiplex 54M
Dual Four-Bit Dot Multiplex 54M
Two-Bit Gated Register 54M
TFour-Bit Shift Register 54M
Four-Bit Binary Counter 54M
Three-to-8 Decoder 54N
64-Bit Random-Access Memory -

256 x 4 Programmable Read-Only Memory -

9-Bit Parity Checker 548
Dual Diff. RCV o

Dual Diff. DRV -

Dual Tri-State Diff, DRV =

4-65/4-66
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Section 5
CPU MICROCODE OPERATIONS
5-1

: Vbt £ E - : v iy i N AR N e TR = - v e i S S S
B P MS -87-08 ' Box £ uy)y "EE/4.
PR SRR . Dr. James E. Tomayko Collection of NASA Documents
Wichita State University Libraries, Special Collections and University Archives




sanyaly AjISIanun pue suoyoa|o) [eadg 'saueiqi Ausianun a1els eHUIM
' ' sjuUaWNa0(] YSYN 40 UonoajjoD oxfewo] 3 sewer ig

=

¢} ©F xog

80-/.8 SIN

ROS Oata Formmat

Inner CPU Data Controls

Moc. Cantroiy

LowG-bt AOS Addren
Ganeration Controlt
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e I T I | I bt 1.4 b . b 2.4 o7
Left ALU Input Locat Store Lo Ermat BB Y
ALU Operas Mac. Function Branch anc!
Fanwai gtk Fia Freia £nil s
® Logesl
e Suh ALU Operauiont High Ema “A” Branch -
& Aebm Deytinanon Mae 2 Fredd
HOS Addren Format
Hgh-Bem Bins ¢ B 8ranch B = ] =
LowBem Bits A Branch 8 Figure A. Microprogram Instruction
and Address Formats
Funcuon Branch Bits
" Table 1
MISCELLANEOUS 1 CONTROL FIELD
ROS Data Bits |Fusction
171819 20 | Mo, Mnemonic Functian
0 00 0 No Operation
0001 1 E-B Full Emit to the B Register
0010 2 Not Used
0011 3 Not Used
0160 4 LST/LE | Load or Set Per Low Emit High Emit
o101 5 LCL/LE | Load ar Clear Per Low Emit ] Specifies Fuaction
0110 3 E ~ ROS | Full Emitto High & Bits of ROS Address
0111 7 LSTEX Last Execution Micro-order In & macroinatruction
1000 8 AMISC 'A! Miscellancous Codes Specified by Low Emit
1001 3 cMIsC 'C' Miscellaneous Codes Specified by Low Emit
101 0) 10 BMISC *B' Miscellaneous Codes Specified by Low Emit
1o 11 1 DMISC "D Miscellaneous Codes Speeifled by Low Emit
1100 12 RD/LE Read Operations Specified by Low Emit
L1o1| 13 RCW/LE | Read/Compute/Write Operations Specified by Low Emit
111 0 14 LE = RB [ Low Emit to Low ROS Base Address Bils
L1 o1 W/LE Write Operation Specified by Low Emit

Table 2 -

- HIGH EMIT/MISC 2 CONTROL FIELD (USE WITH FUNCTIONS 4 & 5 OF MISC 1)

ROS Data Bits
(High Emit) Ttem

2122 23 24 | Mo, Mnemonic Function

[ ] 52413 Load Status Registers 24, 1, 2, &1
{ | 1 547 Load Status Registers 4, 5, 6, & 7

) 2 5811 Load Status Registers. 8, 9, 10, & 11

1 a 51215 Load Status Reglsters 12, 13, 14 & 15
o1 00 4 Not Used

NU.
Nu.

L —

6.1 CPU MICROCODE OPERATIONS

CPU Functions Arg All Controlled by Execution of Microinstructions

Each 48-bit microinstruction contrals 8 CPU cycle.

This section describes the Space Shuttle
CPU microcode operations. The Shuttle
CPU is a microprogrammable computer
and all functions of the CPU are controlled
by the execution of microinstructions, The
CPU has a ROS capacity of 2048 micro-
instructions each of which is 48 bits wide.
Figure A illustrates the format of the 48-
bit microinstruction. The 48 bit wide
microinstruction consists of three major
fields — the Inner CPU Data Control field,
the Miscellaneous Control Fields, and the
Low 6-Bit ROS Addresa Generation Field.
Unlike macroinstructions, the CPU micro-
instructions are not executed in sequence
by incrementing the address. Each micro-
instruction specifies the ROS address of
the next microinstruction. Figure A illus-
trates the 12-bit ROS address field format.
Every microinstruction specifies the low 6
ROS address bits of the next microinstruc-
tion, while the high 6 ROS address bits re-
main unchanged unless altered specifically
by the miscellaneous control felds.

Inner CPU Data Control Field

The Inner CPU Data Control Field (ROS
data bits 0 through 16) manipulates the data
for arithmetic operations, macroinstruction
address generation operations, logical
operations and shift operations, This field
also controls the read and write operations
into local store which contains the general
and floating point registers, This field is
described fully in the inner data flow section
of this document and will not be described
in this section,

® Instruction fetch and decode operations
e Main storage read and write operations,

This field will be described in more de-
tail in the following paragraphs of this
section,

Low 8 Bit ROS Address Generation Field

This field, whose format is shown in
Figure A (ROS data bits 29 through 43) is
divided into three subsections, The first
subsection, represented by ROS data bits
29 through 33, is the Function Branch
Field which specifies the ROS address bits
6 through 9 directly or indirectly by func-
tion. The Function branch field by itself
provides a capability for a 16 way branch,
The second subsection, represented by bits
34 through 38, is called the 'A' Branch
fleld and specifies ROS address bit 10, The
third subsection represented by ROS data
bits 39 through 22 1s called the 'B' Branch
field and specifies ROS address bit 11
This address field is described in greater
detail in subsequent paragraphs of this
section,

Comments
ROS data bit 44 is the parity bit and is
set to a value such that the 48 ROS data bits
have odd parity. ROS data bit 45 when equal
to a '1' enables the following interrupts;
¢ CPU Main Store Data parity error
o I/0 interface address parity error
® 1/0 interface data parity error
¢ Extended memory storage dﬂtﬂ(
error
Address specification
ErL e 1o

B |

¥
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bit 17 = 0, both the high and low emit fields
(ROS data bits 21 through 28) are used to
further specify the function., When ROS
data bit 17 =1, only the low emit field
(ROS data bits 25 through 28) is used to
specify the Miscellaneous 1 field, while the
high emit field (ROS data bits 21 through 24)
is used Independently as a Miscellaneous 2
field. The following paragraphs in this
section will describe each function of the
Miscellaneous 1 control field.

Function 0, ROS data bits 17, 18, 19 and
20 equal to '0000" is a no operation function,

Function 1, E B, is used to load the
high and low emit field directly into the high
byte of the 'B! register, the remaining 24
bits are set to zero for this operation. With
this function, constants can be generated in
8 bit chunks,

Functions 2 and 3 are presently not used.
Function 4, IST/LE, is used to 'load'
or 'set' status registers, interrupt latches,
and 'D! register bits, The latches or reg-
isters that are to be operated on are speci-
fied by the high emit field in groups of four

and are listed in Table 2, The low emit
field is used to either specify the data to be
entered into the registers or to specify the
register within the group that is to be set.
An example of loading would be if ROS data
register bits 17 through 28 equals 0100 0011
0101, respectively. This binary number
combination selects Function 4 (LST/LE) in
Table 1 which will load status registers 12,
13, 14 and 15 (Table 2, item 3) with the bits

C‘ 4\ O;{ Xoa
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0101, respectively. This operation is iden-
tical for register groups under items 0, 1,
and 2 in Table 2, An example for setting
registers would be if ROS data register bits
17 through 28 equals 0100 0111 0010, re-
spectively. The first four bits of the
binary number combination selects Func~
tion 4 (LST/LE) in Table 1, The next four
bits select the Status Registers 28, 29, 30,
and 31 (Table 2, item 7) to be operated on,
The last four bits define which of the status
registers specified in Table 2 item 7 is ta
be set. In this case with a binary code of
0010 status register 30 will be 'set' the
others will not be altered, This operation
is identical for the register groups speci-
fied by items 5 through 15, Table 3 lists
the status registers and provides a desecrip-
tion of each to give a better understanding
of the Miscellaneous 1, Function 4 (LST/
LE) operation. The microcode also
branches on the status register bits which
will be described in later paragraphs. The
interrupt latches are set by the interrupt
function, which is described under the
"CPU Interrupt Structure" and by the
Miscellaneous 1 Function 4 (LST/LE) ROS
data register fields in the same manner as
described for the status registers (Table 2
items 8, 9, 10, 12, 13). Miscellaneous 1,
Function 4 (LST/LE) also can set the 'D’
register bits 16, 17, 18 or 19 (Table 2,
item 15) which are part of the current PSW.
'D' register bits 16 and 17 are the condition
code indicators while 18 and 19 are the
carry and overflow bits respectively,

Table 3
STATUS REGISTER ASSIGNMENTS
Status Reg Function
00 'A" Reg Sign Bit
01
02 :
08 Exponent Counter: Used for handling the characteristic in floating point
o4 operations, Stahga Reg. 24 is the high bit of this
05 counter and is used to detect characteristic overflows
06 (O, F,) or underflows (U. F.).
07
08
09 Iteration Counter: Used by miicro-code to perform micro 'BRANCH ON
10 COUNT' operations,
11 -
12
13 Spill Status Bits: - Used by shift micro operations to provide temporary
14 storage for spilled bits. :
15
16 Enables store protect logic when a 'one!
‘17 Store protect bit generator (only if enabled by STAT 16)
18 Performing 'DETECT' micro routine when a one
19 Always a zero
20 Interrupt in progress (Used by interrupt handling micro routines)
21 System Reset Register
22 Failure Indicator Register
23 Reserved for I/0 operations (not used)
24 Exponent O, F. /U. F. Register (see description under STATS 1-7)
25 'B' Register Sign :
26 ALU Output Sign
27 ALU Output 32-bit Zero Detect
28 Fixed Point Overflow Register
29 Fixed Point Carry Register
:g General usage for micro programmer
L0
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Function 5, LCL/LE, is used to 'load
or clear' the status registers, interrupt
latches, and the 'D' register bits. The
load function for items 0, 1, 2, 3 in Table

' 2 is identical to that described under Fune-

tion 4, The 'clear' operations for items 5
through 15 perform in the same manner as
the 'set' operation described under Function

7 4 (LST/LE) with the exception that ROS data
o register bits 25 through 28 specify which
. register or latches in the group of four is

to be cleared,

Function 6, E~ROS, is used to change
the high 6 bits of the ROS address of the
next microinstruction to be executed. The
high 6 ROS address bit illustrated in Figure
A are labeled as the High-Base bits and the
Low-Base bits. These 6 ROS address bits
always remain the same until altered by the
Function 6 (E—~ROS) micro-operation.

Funetion 7, LSTEX, is used to identify
the last micro operation of a macroinstruc-
tion. This function works in conjunction
with the 8-bit emit field specified by ROS
data register bits 21 through 28, . The first
two ROS data register bits 21 and 22 specify
what 'D' register bits 16, 17, 18 and 19 will
be (first 4 bits of the 2nd halfword of the
current PSW), This function is illustrated
in Figure B. An example of the Function 7
(LSTEX) operation is when ROS data regis-
ter bits 21 and 22 are '1' and "0" respec-
tively and the current microcode arithmetic
result is greater than zero, Figure B shows
that the 'D' register bits 16 and 17 (condi-
tion code) will be set to '"0'" and "1" respec-
tively, and the 'D' register bit 18 will be
set to a '1' or '0' depending on whether a
carry occurs during the Function 7 (LSTEX)
microcode operation. Also, if an overflow
accurs D' register bit 19 will be set to a
'1'. It should be noted once 'D!' register
bit 19 is set to a '1' it can only be reset to
a '0' by a Function 5 (LCL/LE) operation
(see Table 1). The remaining 6 ROS data
register bits (23 through 28) are used
directly as the high 6 bits of the ROS ad-
dress for the next micro operation. These

75-A97-001

bits are shown in Figure A in the ROS Ad-
dress Format as High-Base Bits and Low-
Base Bits. Since Function 7 (LSTEX) is
used to indicate the last micro-order exe-
cuted per macroinstruction the CPU will
decide (via hardware) whether a memory
read operation is needed during the next
micro-order to perform an instruction
fetch. This decision is based on interrupt
conditions, next macroinstruction address
and the condition of the Next Instruction
Register latch.

Function 8, AMISC, is an 'A' miscella-
neous field used to perform a variety of
miscellaneous functions. Table 4 lists those
functions which are specified by the ROS
data hits 25, 26, 27, and 28 (low emit field).
It should be noted at this time that for Func-
tions 8 through 15 the high emit field (ROS
bits 21, 22, 23, and 24) is free for use as
an independent Miscellaneous 2 field, which
will be described later. Item 0 (DISIO) and
1 (ENIO) in Table 4 are used to enable or
disable DMAs. If a DMA is in process when
a microinstruction is executed to disable
DMAs, the DMA memory cycle in process
will complete properly and then subsequent
DMA memory cycles will be disabled by the
CPU. Item 2 (DLC) is only used during
Read Compute Write (RCW) Memory opera-
tions and is used to execute the write por-
tion of the RCW operation. This will be de-
scribed more fully in the third section which
deals with memory microcode operations.
Item 3 (STCL) stop clocks is used at the end
of the putaway microutine. This microcode
function will stop the clocks, but still allow
DMA operations to occur. Item 4 (RSINT)
Reset Interface is used to reset the I/0 -
CPU interface logic. RSINT, when executed,
activates the channel reset I/0 interface
line. Item 5 is not used. Item 6 (INVPAR),
Invert Parity, when used sets a hardware
latch. When this latch is set during a mem-
ory write operation, the parity bit stored is
inverted causing this memory location to
have bad parity. When the Invert Parity
latch is set while reading memory, good

im— — o

—

2



soAyoly ANISIaniun pue suoialo) [erads 'saleiqh] AisIanun 21elS BIUYIIM
sjuaWN20( YSWYN 10 uonosjjon ojAewo] "3 sswer g
y

C/H e xog

80-28 SW

memory locations will look like they have
parity errors. This function is used by the
'Detect! instruction. Items 7 and 8 are not
used. Item 9 (ENMIN) is used to enable
macrointerrupts. Items 10 and 11 are not
used. Item 12 (REQIOA) is used in conjunc-
tion with a Miscellaneous 2 field item 4 :
(RQBS) (Table 5) Request Bus Operation,
This function then sets up the bus for a non-
memory operation involving a Program-
Controlled 1/0 data transfer operation, The
very next microoperation normally specifies
a hus operation (a Function 12 or 15 opera-
tion, Table 1). When this bus operation is
specified the hardware locks up the bus and
it remains this way, allowing Program-
Controlled 1/0 data transfers, until a Reset
Acknowledge (RESACK) micro-operation is
executed (shown in Table 4, item 15). Item
13 (REQIO) Request 1/0 operation must be
used in conjunction with a Miscellaneous 2
field item 4 (RQBS) (Table 5) Request Bus
Operation. This function like item 12 also
sets up the bus for nonmemory bus opera-
tions, An example would be loading the hard-
ware portion of the counters. This will be
defined later. In this case unlike item 12
(REQI0QA) the next bus request operation
(generally Function 11, 12 and 15 in Table 1)
will not lock up the bus. Item 13 (REQIO) is
used for CPU bus operations such as loading
counters, and reversing upper and lower
data halfwords. This data will be more fully
explained under the Miscellaneous 1, Functions
11, 12, and 15.

Function 9 (CMISC), in Table 1 is the
'C' Miscellaneous operations which uses the
low emit field for operation identification.
Table 5 lists the various items specified by
the low emit field, Item 0 (LEC/17) is a
specialized function which is used for float-
ing point normalization operations. Item 1
(SHC—S) is used for shift microoperations.
Items 2, 3, 5, 6, and 7 in Table 5 are used
to load or set the various status registers.
The microcode at a later period can then
branch (via "A" & ""B" branch fields) on these
status registers which reflect the various

ALU results described In Table 5, These
status branches will be further described.
Items 8 through 15 are used for incrementing
or decrementing by '1" the status counters
specified. Items 8 through 11 are used for
microcode looping. A maximum of 16 itera-
tions may occur if the status registers
specified are loaded with zero's, Items 12
through 15 are used in the same manner but
are designed for use in floating point opera-
tions specifically in the normalization rou-
tines,

ot P i S Wi =
;ondition Code Bitd

1 e
EE A = e i Carty Bat Dverliow Bit
ata Reg. ‘D" Register Bits 1 1 ‘D* Reg D Reg.
[BRIT| B 22 Operation [ 00 ar 0] T Bit 18 Bit 19
0 o NoChange | NaChange | NoChamge | NoChange | NoGhange | No Change
0 1 Logical Reswit=0 | NotUsed | otused | Besin# @ | Nochangs | HoChange
1 o Agith 1 Result =0 | Resudt>0 | Mot Used Rewili<<Q | Carry “Queiliaw
1 ¥ Arith 2 Result=0 | Resht>0 | NotUsed Result <0 | NoChange
11 owertiow oceurs bit 1915 st 1o 8“1, Dnce se1 it is never resst by this function.
Figure B. Current Program Status Word
Table 4 :
‘A’ MISCELLANEQOUS CODES (USE WITH FUNCTION 8 OF MISC 1)
ROS Data Bits Byl < ; Y
{Low Emit) em
25 26 27 28 No. Mnemonlc Function
a0 00 o | msio Disable Direct Memory Access (DMA) Operatioas
o001 1 | ENIO Epable Direct Memory Access (DMA) Operations
00 10 7| b Data Load Clock (Used only for Rend/Compute /Write Oper.
— a0 11 3 STCL Stop Clocks
0100 4 RSINT Reset Interface
0101 5 ; Hat Used
1 10 L] INVPAR mel'lPlrllr
9111 1 TERRA Not Used
1000 [] Mat Used
1001 s | Exm Ensble Macro-knterrupts
1010 10 Not Used
1011 1 Kot Used ;
1100 12. | REQIOA™ | Request1/0 apd Acknowledge
1101 13 | REQIO Request 10
1110 1 . Not Used
it 1 15 | RESACK. | Reset Acknowledge

3 Table §
C*MISCELLANEOUS FIELD (USE WITH FUNCTION 9 OF MISC 1)

Function

ROS Data Bits

(Low Emity | ™™ | Macmonic
23 23,27
0 2 0 0 (] LEC/17
0 o 0o 1| 1| skc-s
o o 1 o 2| rscar
o 0 1 1| 3| mss
o 1 0 of 4
6 1 0 1| 5| ss
a1 1 of s | sm
o 1 1 1| 1| sco
1 0.0 o 8| ase
1 0 0 1| 9| sco
1 0 1 ofw [ -1sc
t o 1 1|1 | -1sc8
11 e 0|12 | aExc
11 o 1|13 | v1Excs
111 0| | -1Exc
1 1 1|15 | -1EXCB

Load Exp Cntr 1 thru 7 from ALU Left laput; Zero STATS 12 thru
15; Zero STAT 24; Clear A & B Regisler Bits 0 thru 5°»=*

ALU Left Input 10 thru 13 (shift Count) 1 STATS 5 theu 115 ALU
Oulput 14 ard 15 1o STATS 30, 31

Load Stat Cntr § thru 11 from Left Input & thru 7

Invert A sign Stai 0

ALU Sign Bit (ALU 0) o Sign Stal 26
Set Zero Detect STAT/ALU Zeto Outjut
Sel Carry Stal 29 and Overflow Stat 25/ALU Carry ‘Overflow

Canditions? *="

Inerement Sial Cotr (Stals ¥ thru 11)
Increment stat Catr (Stats § thru 11); Reuse fune. Br until Cntr = 07
Decrement Stal Coir (Stais § thru 11)
Decrement Stat Calr (Stats 8 thew 11); Reuse fync. Br unti) Coir - 0
Increment Exponent Cntr (Stats 1 thru 7)
Incpement Exponent Cntr (Stats 1 thry 7); Reuse fune. r until 'A”

Reg Bit 0 ¢ Bit 17+

Decrement Exponent Catr (Sats 1 theu 7)

Decrement Exponent Chlr (Stats 1 Wiru 7); Nese func. Br untll "a°
Reg Bits 8-11 40+ 7

#s+*+These STATS set by prior micro order results of ALU Output.

¥
“lterations to occur,

count of zero by

prior count; therelore count of 0060 will allow 16

**Circuitry anticipales AQ ZA1 based an ALU 1 & 2; Werelore the miero instruction cxpected 15 "A Reg
L1" operation. The micro instruction preceding ihé repeating instruction must contain A (B, C, or

D} Reg -~ A (B, C, D)" for proper operation. Alse, n minimum of on¢ miera instruction is allawed by
the repeating operatten: therefore, a“normalized” condilion must be scparated by a
***Clreuitry anticipates B <11 » Zcro based on ALU bils 12 - 1S; therefore an "A Fieg -

for branch,

operation

must precede the repeating instriction.  Also = miaimum of one micro insiruction is atlowed by the
ating operation; therefore u "normalized” condition must be separated by a prior branch,
****A & Breg. Hibits will not clear if used aw destinations by ALU operstions (ROS Data Bita 9 & 10),

5-5
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Table 6 .
‘B'MISCELLANEQUS FIELD (USE WITH FUNCTION 10 OF MISC 1)

ROS Data Bits

(Low Emt) ]:;" Mnemonic Function
25 26 27 28
o 0 0o o 0 Not Used RR  — Read LS/OP 1315
o 0 0 1 1 SRS - Op 8-13 = B, ~ 15;
0 0 1 0 2 Read LS/Op 14 & 156
o 01 1 3 LRS = stat 9-15 - BD - 15;
e 1 0 0 4 & Read LS/Op 14 & 15*
0 1 0 1| s LRX — Stat §-15 - By - 15;
0" 1350 [ Zero's to B, - 4;
01 1 1 T Read LS/Op 14 & 15%
1 0 0 o B DECB Decode 'B' Set NIR OK Latch
1 0 0 1 9 DECE Decode "E' Set NIR OK Latch***
i 0 1 0 10 DECO Decode "0’
1 0 1 1 1 N -0 Next Instruction Register to Operational Register
1 1 o 0 12 RNOK Reset NIR OK Latch (Inhibit "D" Reg Clock Bits 16 thru 31)
T Ff oy E
1 1 1 o
1 1 1 1

Not Used

*Read zero's LSwhen Op 14 £ 15 - 11
**Read zero's LS when Stat 0-3 = 0000 »
**+Status Register high to Next Instruction Register (NIR)

Table 7
‘D’ MISCELLANEOUS FIELD (USE WITH FUNCTION 171 OF MISC 1)
ROS Data Bits M
{(Low Emit) Mo, Mnemonic Function
25 26 27 23 3
¢ o0 o0 1] 0 L= RBR | Load ROSBR from ALU Left Bits 20-31
0 0 o 1 1 L - NIR Load NIR from ALU Left Bits 16-31
o 0 1 0 2 L -PD Load 'P' Reg Bits 8 thru 11 from ALU Left Bits 24-27
0 o 1 1 3 L . OP Load OP from ALU Left Bits 16-31 &
0 1 0 o 4 L~ C0 Not Used (reserved) e
o 1 0 1 5 L-cC1 Load Interval Timer 1 from ALU Left Bits 16-31
0 1 1 0 (3 L-C2 Losad Interval Timer 2 from ALU Left Bits 16-31
o 1 1 1 7 L-P Load 'P' Reg from ALU Left Bits 16-31%+*
1 0 0 o] 8 (No Op)
i 0 0 1 9 NIR - B Load 'B' Reg Bits 16-31 from NIR
1 0 1 0|10 ST -B Load 'B' Reg Bits 16-31 from Stat Bits 0-15+9%*
i 0 1 1|11 OP -B Load 'B' Reg Bits 16-31 from OP
1 1 0 o)12 Co-B Not Used (reserved) Zeroes = By - 15
1 1 0 1113 Cl-B Load 'B' Reg Bits 16-31 from Interval Timer 1
1 12 0|14 C2-B Load 'B' Reg Bits 18-31 from Interval Timer 2
1 1 1 1115 P-pB Load 'B' Reg Bita 16-31 from 'P' Reg

*I0 Bus Request (Misc 1 - Function No. 8, Item 13 and Misc 2 - Item No. 4) must be in prier micro order,
**If B Register Is used as a destination during these micro orders, the Left ALU will be ORed Into B Reg
with the result,
***P Register Bits B thru 11 are not loaded by this item but are-loaded via Item No, 2 only.
****B Register Bits 0 thru 15 are also loaded from Stat Bits 0 thru 15,
4¢+%*B Register Bits 24 through 27 alwaya zeroed for this item operation.

75-A97-001
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Function 10, BMISC, in Table 1 is the
'B' miscellaneous operations which are
basically used to perform decode opera-
tions on fetched macroinstructions. Table
6 lists these operations. Items 0 through 7
are not used. Items B, 9, and 10 are de-
code functions and all three perform the
hardware operations listed in Table 6, For
Register to Register operations (RR) local
store is read at the address specified by the
Operation register bits 13 through 15 (R2).
For SRS operations, Operation register hits
8 through 13 are transferred directly to the
'B' register bits 0 through 15, Also, the
base is fetched from local store at the ad-
dress specified by the operation register
bits 14 and 15. For long instructions (RS)
status register bits 0 through 15 (the second
halfword of instruction loaded during a full-
word fetch) ig transferred to the '"B' regis-
ter bits 0 through 15. Also, the base is
fetched from local store at the address
specified by the operation register bit 14
and 15. If these bits both equal 1, zero is
used for the base. For long instructions
that use the indexing format (RX), the status
register bits 6 through 15 are transferred
to the 'B' register bits 5 through 15 (dis-
placement), and 'B' register bits 0 through
4 are zeroed, - Also, the base is fetched
from local store at the address specified by
the operational register bits 14 and 15. It
should be noted that DECB (Table 6, item 8)
is used to decode instructions taken after a
branch macroinstruction execution. The
Next Instruction Register (NIR) latch is set
during this operation indicating that the con-
tents of the NIR are valid. DECE is used
when the current instruction to be decoded
Is on an even halfword boundary in main
storage. Again the NIR latch is set. Also

. during this micro-operation, the status

register contents (second halfword from
fullword memory instruction fetch) are
transferred to the NIR., Table 6, item 11
(N—0) is & micro-order used in lieu of
memory instruction fetch operations when
the NIR contains a short instruction on the
first halfword of a long instruction. The

The NIR contains the first 16 bits of the
current instruction which is on the odd half-
word boundary in mainstore if the prior in-
struction was not a branch that was taken,
Item 12 (RNOK) in Table 6 is used during
branch ‘operations (if taken) to indicate to
the CPU that the NIR contents will not con-
tain a valid instruction, Items 13 and 14
are not used and item 15 is used for no
operation specifications,

Function 11, DMISC, of the Miscellane-
ous 1 field is used to load and read various
16-bit CPU registers. Items 0 through 7
in Table 7 indicate the load portion of this
function, To prevent DMA interference on
the master bus, the micro-order just prior
to load operation must perform a nonmem-
ory bus request. Both DMA and the DMISC
load micro operations require use of the
master bus. The nonmemory bus request
is performed by & micro-order that uses
Miscellaneous 1, Function 8, item 13, and
Miscellaneous 2, item 4, The data trans-
fers for register loads are from the low
halfword of the 'B' register to the register
specified in Table 8. Items 8 through 15 are
used for register read operations. Read
operations are data transfers from the
registers specified in Table 7 to the B
register bits 16 through 31.

Function 12, RD/LE, is the micro-
operation used for main storage read.

Table B lists all the read operations that
can be performed by the CPU, Items 0
through 7 specify fullword (32 bits) reads
from main store while items 8 through 11
are halfword operations. All read opera-
tions are memory operations where the
data is loaded into the 'B' register. Table
8 also specifies whether the operation is
direct, reverse or selected, Fordirect
operation and fullword memory read, the
data from the even halfword boundary of
main storage is loaded into the upper half-
waord of the 'B' register and the odd half-
word boundary from main storage is loaded
Into the lower halfword of the 'B' register.
For reyerse fullword operations, the two

\
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halfwords from main storage are inter-
changed and loaded into the 'B' register.
Selected operations (Table 8, items 8 and

9) are only used for halfword memary read
operations. In these operations if the main
storage least significant address bit is a
'1', the odd boundary halfword from main
storage 1s read and loaded into the high 16
bits of the 'B' register and the low 16 bits
are zeroed. If the main storage least sig-
nificant address bit is a '0', then the even
boundary halfword from mainstorage is
loaded Into the upper halfword of the 'B'
register while the lower 16 bits are again
zeroed, The main storage address must
already be established into the registers

'B! or 'D' prior to the execution of a read
micro-operation, If item 4 in Table 8 is
specified, the main storage address comes
from the 'B' register. At the beginning of
the read micro-order execution, the 'B'
register will contain the main storage ad-
dress. When the main store read micro-
order is completed, the 'B' register will con~
tain the data with the high and low half-
words reversed. Various read micro-
sequences are shown in Figure C. To
prevent DMA interference on the master
bus, the micro-order prior to any memory
read operation should be a Bus Request
operation, This is a Miscellaneous 2 opera-
tion which will be further described in later
paragraphs. In any case, this Bus Request
operation which occurs prior to the memory
read operation will test, via hardware,
whether a DMA operation is in process,
The CPU will be held in this Bus Request
micro-order until the DMAs are complete
and the bug is free for the memory read
operation coming up next. A memory read
micro-operation with wait (example Table 6,
item 0) takes a total of 600 ns to complete,
It is possible to perform an arithmetic op-
eration if desired during a memory read
cycle if a 'no wait' read is performed
(example Table 9, item 1). The 'no wait'
read will be 200 ns long and a 'wait' read
will have to follow which is 400 ns long

(example Table 9, item 0) to allow comple-
tion of the memory cycle. The data read
from memory will be loaded into the 'B’
register at the end of the 'wait' read micro-
operation, Figure C illustrates the two
memory read operations described,

Figure C also illustrates a nonmemory Bus
microsequence used in Programmed Con-
trolled I/0 (PCI) input instructions, The
first micro-order uses the Miscellaneous 2
field Request Bus operation which prevents
DMA interference with the PCI on the
master bus, Within this same micro-order,
an 'A' miscellaneous Request I/0 and Acknow-
ledge operation (Table 4, item 12) is per-
formed. This prevents a memory opera-
tion in the next micro-orders and locks up
the bus as specified by the following micro-
order. The next micro-order specifies a
read operation as shown in conjunction with
a Miscellaneous 2, I/0 to main bus opera-
tion (I0-+S). This sets up the bus and locks
it to provide fullword and direct bus con-
tinuity between the I/O inputs and the 'B!
register, At the end of this second micro-
order, the 'B' register is clocked. If the
data is good on the Bus, the 'B' register
will contain the I/O data. To unlock the

bus from the 1/0 operation, the final micro-
order must be an 'A' miscellaneous Reset
and Acknowledge operation (Table 4, item
15). Normally, more than one read micro-
operation is performed after the Bus request
micro-order and before the Reset and Ac-
knowledge micro-order to allow time for
1/0-CPU handshaking.

Table 8
READ OPERATIONS (USE WITH FUNCTIONS 12 OR 13 OF MISC. 1
ata Bits
B | Mremente Funetion '
35 26 27 28 '
0000 (] DEFW Maln Sore Direct; B~ Address; Full word; Walt
0001 1 DOFN Maln Store Direct; B~ Addresg: Full word: NoWalt
0010 2 DDFW Maln Rore Direct; D ~ Address; Full word; Wall
00 11 a DDEN Maln Sore Direct; D —Address; Full word; No Walt
0100 4 RBFW " | Maln Store Revarae; B ~Address: Full word; Wait
01 0 1 5 RBFN Maln Stare Reverse; B ~Address; Full word; No Wait
6110 8 RDFW | Maln Store Reverse; D ~Address; Full word; Wait
81173 7 RDFN | Main Store Reverse: D ~ Addresg; Full word; No Walt
1000 ] SBHW Main Store Selected/Low Adr. Bit; B - Address:
Talfword; Walt z
100 1 ] SBRN Main Store Selected/Low Adr, Bit; B~ Address: |
Halfword; No Walt
1010 | 1w DDHW | Main Store Direct; D ~ Address; Halfword; Walt | ,,
1011 | n DDHR Maln Store Direct; D = Addsess; Halfword; No n'ak]
1100 12 Not Used
1101 13 Hot Used
L 1-0 14 Not Used
ok 0 0 o ST Mot Used
-{ Data— Hi 'B'  ** (If Low Addr Bit = 0 If Low Addr Bjt = |
Zero - Lo 'B' ‘ Data — Hf 'B* Data ~ Low 'B!
Zero« Lo ‘B’ Zera — 11 B!
“300 NS 800 WS
air ’_M—m
RORE
[ Memary e
I fhiend
o« Arinst
ey SR
S0 NS 200 NS
AoRs [ oeen | 4o N
nonE orw
PINLE fir § Memory Resd
INa et
r L
kil v B e broint el
200w ;ons wws
Roas neoon] %
o e [xen] aE
—0—— O
B Aot Poed Oparasan Fasat v,
Man-Mamony Operaton. 10 Bur 1o 8 Rag. Bus Contron.
Lock Us)

“Thia Mhcraceder ey b isnger i DMA o (n orogram  ++Adtisnsl Wi et soursian may be pactiomed heve
e wiirators is il buty fcom #rior CPU opwr stion . %

Figure C. Varioys ‘Read’ Micro-sequences
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*200 NS 600 NS 200 NS 200 NS
ROBS DBFW bLc
RCWLE FAMISC
ALUL Memory-In)
G Etc
Bus Request " Resa Computs Wirita
Oparation Micro-order Micro-order Micra-order

Jo————— ResaCompurewiiv Memory Oparation —

"This micio-order may be langer if DMA is in progress
or mainstore is s1ill busy from a prior CPU eperation

Figure D. Typical Read-Compute-Write Micro-Sequences

*200 NS BOO NS
AQBs DBF
WILE
R Ere. Memory
ALUL~ Control Operations
Bus Mux
Bus Aequest Memory Write
Opesstion ™ Opsration
*200 NS 200 NS
ROES  REQIO RBFC
AMISC WILE
— ALUL —=Control f——— o":l:l"d :"'"Ip"'"im
Bus Mux
But Aequest HNon-Memary Bus
Operation Operation
*200 NS 200 NS 200 NS
RQBS REQIOA DBF RESACK
WILE AMISC
ALUL— Canirol § PCI, PCO
Bus Mux Operations
Bus Rrquest Non-Memary Bus Resat Bus
Opsration Operation (ALUL ~ Controls
10 Bus Lockeal IUntocked)
*This Microorder may be longer il DMAis in progress
or mainstors is still busy Irom a prior CPU operation

Figure E. Typical Write’ Micro-Sequences -
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Function 13, RCW/LE, is used in con-
junction with the items in Table 8 (also
used for Function 12) to specify the read
portion of A memory Read/Compute/Write
(RCW; operation. Figure D illustrates a
typical RCW operation, The first micro-
order prior to the memory operation must
be a Bus Request operation as described
earlier to prevent I/0-CPU control bus
interference. The second micro-order is
a Read operation selected in Table §,
item 0. For this operation, the 'B' register
initially has the mainstorage address. At
the end of the read micro-order, the 'B!
register contains the main store full word
data (32-bit); and the address is saved in
the mainstorage address buffers (SAR).
While the memory is waiting for the write
operation, the next micro-order shown is
the compute cycle. Any arithmetic opera-
tion can be performed during this micro-
order. The RCW memory operation is
completed at the occurrence of the write
micro-order. This micro-order issues a
Data Load Clock (DLC) signal to the mem-
ory which gates the ALU left input to the
main storage data buffers via the master
bus. The ALU left source is selected by
ROS Data registers bit 0, 1, and 2 which
are more fully deseribed under the Data
Flow section.

Function 14, LE —RB, is used to change
the 4 low base bits of the ROS address shown
in Figure A as bits 2 through 5. These
ROS address bits are changed to the values
specified by the 4 low emit field of the ROS
data register (ROS data bits 25 through 28).

Function 15, W/LE, is used to perform

+ the write memory operations, nonmemory
halfword manipulation, and to perform 1/0
data transfers to the I/0 during PCI and
PCO instruction execution. Table 9 lists
all the write functions that the CPU is capa-
ble of performing. During a write micro-
order, the ALU left input is multiplexed to

the master bus. It must be remembered —I
that the I/0, Mainstore, and the CPU take

data directly from this bus, If Table 9,

item 4 (RBF) is used, then ALU left input |
bits 16 through 31 and bits 0 through 15 are
multiplexed to main bus out bits 0 through
31 respectively, In other words, this i
write operation transfers data, with the l
high and low halfwords reversed, to the
master bus, If Table 9, item 5 (RBFC)

is executed, the same operation occurs ex-
cept that the 'B' register is clocked, thus,
the data from the ALU left input via the

Main Bus Out is clocked into the 'B' register
with the high and low halfwords reversed.
Figure E illustrates three typical micro-
operations, The first micro-order is a
memory write operation. A Bus Request

is the first microcode necessary to prey :nt
DMA interference and to initiate the me ﬁ\ory
sequence, The next micro-operation in-
volves the execution of item 0 in Table 9 .
This item does a fullword and Direct data
write, and the 'B' register specifies the
mainstorage address, Since the 'B' regis-
ter ig not clocked, the address will remain
intact through the memory write operation,
The memory write micro is 800 ns in dura-
tion at the end of which.the main storage
data buffers have accepted the data on the
master bus (multiplexed from the ALU left
input). This micro-order must specify the
ALU left data source by ROS data register
bits 0 through 2 defined in the Inner data
flow descriptions. Sometimes it is desir-

_ able to reverse the high and low halfwords

of a 32-bit word in the data flow. This type

of operation is illustrated in the second

group of micro-operations shown in Figure

E. The Bus Request micro-order is again I
needed to prevent Bus Interference but this

time a nonmemory operation is desired.

Therefore, in the first micro-order, a

REQUIO operation ls used (Table 4, item 13).

This operation inhibits a memory cycle for I
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N the next micro-order. The next micro-
;- operation using RBFC (Table 9 , item 5)
takes the ALU left data and loads it into the
'B' register with the high and low halfwords
" Teversed. The third use for the write opera-
| tions is to transfer data to the I/0 using the
= PCI or PCO instructions. Again, a Bus
- - Request is needed initially to prevent DMA
‘. "bus interference. Also a REQIOA (Table 4,
Jitem 12) is used to prevent a memory opera-
“tion and to lock up the main bus during the
next micro-order. The next micro-order does

does a DBF write operation (Table 9 , item
0).. This multiplexes the ALU left fullword
directly to the master bus making the data
available to the I/O. The master bus multi-
plexer is now locked up, and as long as the
following micro-orders thereafter specify the
same ALU left data, the data on the master
bus out will remain steady and available to
the I/O. The master bus multiplexer is re-
leased with the execution of a micro-order
containing a RESACK operation (Table 4,
item 15).

Table 9
WRITE OPERATIONS (USE WITH FUNCTION 15 OF MISC 1)
| ROS Data Bits
(Low Emit) Item
25 26 27 28 No. Mnemonic Function
00 0 0 0 DBF Fullword; Direct; B - Address; B Not Clocked (No Change)
0 0 0 1 1 DBFC Fullword; Direct; B~ Address; B Clocked (ALUL - B)
| 00 1 0 2 DDF Fullword; Direct; D~ Address; B Not Clocked
et 00 1 1 3 - DDFCH Fullword; Direct; D = Address; B Clocked
(ALULO__15 - BO—IS‘ Zeroes — 316-31)
| 01 0 0 4 RBF Fullword; Reverse; B — Address; B Not Clocked
! 0 0 1 5 RBFC Fullword; Reverse; B - Address; B Clocked
ALUL6 31, 0-15 ™ Bo-31)
0110 6 RDF Fullword; Reverse; D — Address; B Not Clocked
g ‘ 0 1:71:°% T RDFCH Fullword; Reverse; D — Address; B Clocked
w l ojALIJ'LIG_31 -BO-IE; Zeroes - B16-31)
i 1 0 0 0 8 SBH Halfword; Selected/Low Adr Bit; B Address; B Not Clocked (Data in High 16 Bits)
o 100 1 9 : Not Used
~ 101 0 10 SDH Halfword; Direct; D ~ Address; B Not Clocked
S 101 1 11 SDHCL Halfword; Direct; D — Address; B Clocked
(00] | (ALUL16-31 4316-31; Zeroes — BO-15)
| 110 0 12 RBH Halfword; Reverse; B _ Address; B Not Clocked
g 110 1 13 RBHC Halfword; Reverse; B — Address; B Clocked ;
o (ALUL;q 37 7 By_15? AOE = Byg g,)
o 1- 193500 14 - RDH Halfword; Reverse; D - Address; B Not Clocked
x| S i 2 | 15 RDHCL Halfword; Reverse; D — Address; B Clocked
e | (ALUL).15 " Brg-gy? Zeroes ~ By 1)
S | Computer Bus (CPB)~CPU Data Input Bus per reverse or direct function
i)
X
) &
il
|
Sl
€
L
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Table 10
MISCELLANEOUS 2 FIELD
ROS Data Bits
(High Emit) Item
21 22 23 24 No. Mnemonic Function -
00 00 0 I0D-~5 10 to Main Bus Out
00 0 1 1 Not Used
001 0 2 cw Command Word :
00 1 1 3 Not Used
0100 4 RQBS Request Bus
010 1 3 RB-A ROS Backup Reglster to ROS Address Bus
¢ 110 6 50150 Clock Status Reg 0 thru 15 and the Operational Register
011 1 7 S015N Clock Status Reg 0 thru 15 and the Next Instruction Register
100 0 8 DISI Disable Micro Interrupts (disabled until enabled by Misc 2
Item 9 or ILSTEX)
10 1 9 ENI Enable Micro Interrupts (enabled until disabled by
Misc 2 Item 8)
101 0 10 AouT AGE Out
1'8.1 1 11 SAT Start AGE serial data in operation
1100 12 ABS -5 Load A & B sign with Stats (Stats 0 & 25)
110 1 13 SDSRB Set Latch to use DSR from 'B' Reg &
1110 14 RDSRB Reset Latch to use DSR from 'B' Reg (Reset automatically by LSTEX)
1111 15 No-Op
*If Misc 1 code 14 (LE —~RB) is used with this code (RB~ R) the LE —~ RB will overload the base address
bits while the function, A, and B branch bits will be loaded from ROS backup register. (Note - No-op in
Misc 1 and low Emit is B Misc No-op with low Emit a No—op when Misc 2 code shown above is used
without Mise 1.

75-A97-003 5'(
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Miscellaneous 2 Control Field

This field can only be used if desired in
conjunction with the Miscellaneous 1 field
items B through 15 (when ROS data register
bit 17 = 1), Table 10 lists the functions
specified by ROS data register bits 21
through 24 that can be executed for the
Miscellaneous 2 operations.

Item 0, IO — S, gates the I/O Output Bus
onto the Main Bus out for use in the I/0 to
CPU (PCI instructions) data transfers,
This was described under Miscellaneous 1
Function 12, 3

Item 1 is not used.

Item 2, CW, is used to tell the I/0, via
an interface hardware, that the Confrol
Word is on the Main Bus out.

Item 3 is not used

Item 4, RQBS, is used to prevent Bus
interference (such as during DMA occur-
rences) when the CPU microsequencing
desires to use the main bus out. If during
a 'RQBS' micro-order the main bus is in
use (such by as DMA operations), the CPU
will hold in this micro-order until the bus
is fre > and the CPU has set up bus priority,
After the CPU has its bus priority, the
micro-sequencing will continue. Use of
this function 'RQBS' was also described
under the Miscellaneous 1 field, Functions
11, 12, 13, and 15,

Item 5, RB - A, utilizes the contents of
the ROS back-up register, which is 12 bits
wide, as the ROS address of the next
micro-order to be executed, When a
microinterrupt occurs during normal
microsequencing, the ROS back-up register
is loaded, via hardware with the address of
the microinstruction that was interrupted.
Therefore, if the microprogrammer desires
he may return from the interrupt micro-
routine if he executes the Miscellaneous
2, 'RB - A" function,

Item 6, 50150, is used during fullword
memory fetchs for instructions when the
instruction to be executed is on an even
boundary in main store, The even bound-
ary halfword instruction is loaded into the
operational register while the odd boundary
halfword portion is loaded into status
register bits 0 through 15.

Item 7, S015N, is used during instruc-
tion fetch operations when preparing to
execute a long instruction whose first half-
word is on an odd boundary. The function
‘S015N is used when a fullword memory
read is performed to acquire the second
halfword of the instruction. Thus with this
operation status register 0 through 15 will
be loaded with the second halfword and the
Next Instruction Reglster (NIR) will be
londed with the next instruction, It should
be noted that items 6 or 7 are specified
during the memory read micro-orders. At
the end of the memory read micro-order the
fullword data loaded into the 'B' register
will also be loaded into status registers 0
through 15 and operational register if S0150
1s specified or loaded into the status regis-
ters 0 through 15 and the next instruction
register S015N is specified.

Item 8, DISI, microoperation is used
to disable the micro-interrupts, When
these interrupts are disabled, they remain
pending,

Item 9, ENI, is used to enable the
micro-interrupts,

Item 10, AOUT, is used during the
execution of AGE read and write instruc-
tions to signal the AGE, via'a hardwire on
the AGE/CPU interface, that the CPU data
is ready on the master bus.

Item 11, SAT, is also used during the
execution of AGE read instructions, This
micro-operation signals the AGE, viaa
hardwire on the AGE/CPU interface, to
begin the serial transfer of data from the
AGE to the CPU,

Item 12, ABS - S, execution causes
status register position 0 and 25 to be
loaded with the sign bits (higher order hit)
of the 'A’ and 'B' registers respectively,

Item 13, SDSRB, is used during the
execution of non branch type instructions
using the fullword Indirect Address Pointer.
When this Miscellaneous 2 function is
executed a latch is set. When this latch
is set instead of using the DSR from the
'D! register, the CPU will use lhe DSR
from the 'B' register. This is to allow
temporary use of a new DSR field without
altering the current DSR,

— —
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Item 14, RDSRB, resets the latch set by - exception of items 2 and 3 which are used ROS Data Bita [ S }
the SDSRB operation. Also Miscellaneous for floating point operations and item 10 29 30 31 32 32 | No. | MPomonle Function
1, Function 7 (LSTEX) resets this latch, which is used for shift operations. An ex-
I Item 15 in the Miscelleneous 2 field is ample of how these operations work will be } : : : 2 2 g:g op :::
a no operation field, ixvenvu?ing ite;;ix :f! (BI:!AP;])‘ BSR;I; ::jxa:mple. 10010 2 | FPEXBR | Setto (0), (AL 1-3 ZD+C1*#), (ALU 1-3 = 111-T1+*), (ALU 1-7 ZD}
. : em 7 is specified when the ata 1001 1 3 | FPRSER | Sctto (ALUD), (ALU 4-T ZD), (ALU B-11 ZD), (ALU 0-31 ZD)
Low 6-Bit ROS Address Generation Logic Tegister bitg 29 through 33 equals 10111, R e i ot T
: This section will describe the micro- ROS add bit 6 1 ified by the logical 10101 5 Not Used
code operations required to generate the foprean Wb 0 ta apeciiied by the logle 10110 -6 [0PAP | Setto(0pB:8-10), (Op 89 10 11), (Op 0-1-2-3), (Op B8+ 10. 11:13)
6 low-order ROS address bits of the next AND of the Operation Register bits 8, 9, =5 R R 7 | BRAP Set to (Op 89:10- T1), (Op 8-9: 10+ 11), (Op 0-1-2:3),
ol il and 10 'ANDed" with the inverted Operation : (Op 0-GP1-Op2: OP3-OP4) ;
microinstruction to be executed, Three : a 11000 8 | IFAP Set to (D15}, (D15- NOK), (1), (D15- NOK- Lung Instructlon In NIR)
-bit fields in the ROS data field (illustrated Rewpiar Bt ol s i shomat fa Tanta 1) 11001 9 Not Uned
2 l, v as Op8 9-10*11. ROS address bit 7 is 11010 10 | sB Set to: (Zero Det ALU 8-15), (02 14- Zero Det ALU 6-13),
I :?Di‘lgure A) achieve the address genera- specified by the logical 'AND' of the Opera- L s i Uwgopls Zero Dcl ALU 8-15), (ZD ALUL 10-T3)
: tional Register bits 8, 9, 10, and 11, ROS 11100 12 |ExBR Set tor (Op 8- 10- T5- 121, (Op & 9- 10-11- 13); {©p1), (©p2)
1y 1 v i 3
e The function branch field (ROS data bits address bit § is specified by the logical vl e e Set to: ), (099, (0p, (00T
; : 'AND' of Operational Register bit 0, 1, 2 } L 14 Not Und
I 29 through 33) : 1ot el I p 1 1.1]8 Not Used

e 'A' branch field (ROS data bits 34
through 38)
e 'B’ branch field (ROS data bit 39 through

. through 38 specify ROS address bit 10 Table 12
! s A BRANCH FIELD
The Function Branch Field specifies the Table 12 lists all the 'A' branch operations,
ROS address bits 6 through 9, When ROS Items 0 and 1 sets ROS address bit 10 to a ROS Data-Rits: | S A
data bit 29 equals '0', the ROS data bits 30 '0' or '1! respectively, The remaining 34 35 86 37 38 No.
through 33 are used directly as the func- items specify the ROS address bit 10 in- P ala S
tion branch bits (ROS address bits 6 directly and are described inTable 12 for seoo| 11 Setto1
through 9). When the ROS data bit 20 each combination of the 'A' branch ROS 000 10 s | s12 Set to Stat 12
equals '1', the ROS data bits 30 through 33 data bits, The 'A' Branch items which bt an ] B Bl bt il
Q. C|
must be decoded to determine what the ROS depend on the ALU output (such as item 12) 0010 1| 5|a360s Scl o Stat 19
address bits will be. In either case, this must not be executed in the micro-opera- 00110 6 | 0s Set to Stat 28 (Overflow Stat)
field provides a 16-way branching capa- tion generating the desired ALU output but 5 : b P Liﬁ:—;ﬁ::?;&ﬁ::ﬁ PSW bit 46)
bility, Table 11 lists the indirect functions in the very next micro=order. c1091]| 9]|m Set to Op bit 1
for all the combinations of the ROS data bits 0-1 00%.:0 110" 8SUL Setfo11r A & B Sign Stats are unequal (Stats 0 & 25)
0101 1| 11|cRY Set to L If ALU output carry condition exlsts
in the Function Branch field. Most of the 0 2100/ 12| zDar Set to 1 If Zero Detect on ALU output bits 4 thew 7
operations given in Table 11 are used for 00110 1 13 | zo1215 Set to 1 U Zero Detect on Op Reg bits 12 thru 16
0111 0] 14 |o001 Set to 1 1f Op0-Opl = 1
instruction decode operations with the PRI Tl sl e Sot to.Op14
1 0000/ 16 |s3 Set to Stat 3
1000 1| 17 |o3 Set to Op hit 3
10010 18 | STBR Setto 1 if Opl-OP2-0pd = 1 :
. 100 1 1| 19| MoOVF Set to Multiply Overflow Condition (33 bit overflow)
101 00 20 I0OLK Set to Lackout 1/0 Conditlon (GLK Qut)
10101 2]s Set to ALU output bit 0 (sign bit)
10110 22 | zDo1s Set to 1 If Zero Detect on ALU output bits 0 tnru 15
10111 23 | o1 Set to Op Bit 11 3
L 100 0| 24 |ovF Sct to 1 If Output Bit 32 Overflow Condition cxists
1 1.0 0 1| 25 |Exous Set to Stat 24 (Exp Overflow ~ Underflow)
1 101 0| 28 Not Used (Reserved)
| 1101 1| 27| BoC Set to Branch Condition for BOC Instrue’lons
" 1 1100 28 | BVC Set to Branch Condition for BVC Instructions
1" 1517041 28 | BIAN Sct to Break-in Address Condition Not (BKADN)
S50 St G R | 3o SBl4 Set to 1 if ALU Left Input Bit 14- Zero Det ALUL Input Bits 10 thru 13 =1
275 G0 TS ) | 31 | NCB Set to 1 If ALU Qutput Bit 0 does not equal ALU Output Bit 1

and 3. ROS address bit 9 is Specified by
the 'AND' of Operation Register bits 0, 1,
2, 3, and 4,

The 'A' Branch field, ROS data bits 34

*When ROS Data BIt 29 = 0, Use ROS Data Bits 30, 31, 32 4nd 33 directly to establish ROS Address Bits

6, 7, 8, and 9,

**C1=Cout ®Ovil = cary out of bit 1.
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The 'B' Branch Field, ROS data bits 39
) through 43 specify ROS address bit 11.
- Table 13 lists all the-'B' Branch opera-
' tions., This field works in the same man-
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'ner as the 'A' Branch field,

Table 13
‘B’ BRANCH FIELD

ROS Data Bits I:::‘ Mnemonic Function
0 00 0 0 0 0 Set to 0
000 01 1 1 Set to 1
0 00 1 0 2 §31 Set to Stat 31
00 01 1 3 815 Set o Stat 15
0 0100 4 SYSRTS | Set to Stat 21 (System Reset)
0 01 0 1 5 FS. Set to Stat 22 (Fail Safe)
00110 6 RTS Set to Stat 23
00 11 1 7. | sBS Set to Stat 25 (Sign B Stat)
0 1.0 0 0O 8 ss Set to Stat 26 (Sign Stat)
0100 1 9 ZDSs Set to Stat 27 (ALU Zero Detect Stat)
01 0 10 10 18 Set to Stat 20 (Interrupt in Process)
010 1 1 11 cs Set to Stat 20 (Carry Stat)
0110 0 12 SAS Set to Stat 0 (Sign A Stat)
011 0 1 13 ZD Set to 1 if Zero Detect on ALU Output Bits 0 thru 31
01110 14 | .00 Set to Op 0
0011 1 1 15 015 Set Lo Op 15
1000 0 16 D22 Set to "D" Reg Bit 22, (FP Exponent underflow mask)
1 0 0 0 1 17 D23 Set to D Reg Bit 23 (FP significance mask)
10010 18 BYTE Set to 1 if B Register Bit 30 =1
100 11 19 ALUL Set to 1 if ALU Output Bit 1 =1
10100 20 Cc1 Set to Carry out of Bit 1 (Cout® OVFL)
1010 1 21 D2 Set to 1 if Interval Timer 1 Interrupt Pending
10110 22 D3 Set to 1 if Interval Timer 2 Interrupt Pending
101 1 1| 23 08101D | Setto 1 if Op Bits 8 thru 10 = 111
1100 0 24 CPIO Set to CPU/IO Failure Condition from Storage*
3 OIS (N ¢ A+ A 25 ZD811 Set to 1 if Zero Detect on ALU Qutput Bits 8 thru 11
11010 26 C31F Set to C Register Bit 31 (Fill Bit)
s 2 S0 TS 27 04 Set to Op 4
11100 28 012 Set to Op12
1110 1 29 5B15 Set to 1 if ALU Left Input Bit 15: Zero Det ALU Left Input 10 thru 13 = 1
11110 30 84 Set to'Stat 4
1 1 21 1 31 Not Used (Reserved)

*=1 When I/O has responded, or when Memory Full occurred during a CPU transfer,

75-A97-001
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Section 6

MECHANICAL ASSEMBLY AND PACKAGING
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6.1 MECHANICAL DESIGN

Evulved from a Family of Successful Airborne and Spaceborne Computers

Technologies and Applications data derived from

employed in the CPU design.

The CPU is packaged in a single LRU

= (Line Replaceable Unit) which conforms to
- & the standard ATR case dimensions of
© = = 10,125 inches wide by 7. 625 inches high
" by 19.562 inches long. Weight of the unit
- = with 40K core memory is 57. 9 pounds
“ (prototype).

Top and bottom covers use captive,
quick release fasteners to provide access
to subassemblies. The top cover provides
access to the processor/IO pages, the
memory storage pages and the memory
timing page. The bottom cover provides
access to the processor/IO and memory
storage back panels, power supply and RFI
filter.

Four interface pages in the processor/
IO section use a unique page/cable assem-
bly construction. In addition to their use

previous programs. were analyzed, improved upon and

‘as a pluggable component carrier or module,
the pages contain integral flexible poly-
imide, printed-circuit layers, which exit
from the top edge of the laminated MIBs and
terminate at connectors. This interface
method provides repeatable electrical char-
acteristics, reduces weight, increases
packaging density, and reduces interface
solder connections.

Five number 10-32 tapped holes in the
front and rear panels are used for installa-
tion in accordance with RI Spec MC615~
0001, A 3,576-inch diameter hole on the
rear panel mates with a rack-mounted blind
pressure fitting, for conditioned cooling air.
The front panel provides five connectors for
interface cables, a fault indicator, elapsed
time indicator, handles, and the installation
holes. '

ESTIMATED WEIGHT BREAKDOWN BY MAJOR SUBASSEMBLY

Prototype Flight
Subassembly - Weight (1b) Subassembly Weight (lb)
Structure 8.40 Structure 8.40
Covers 2.60 Covers 1.60
RFI Filter 1.61 RFI Filter 1.61
Power Supply 9.10 Power Supply 9.10
CPU/IO Assembly 10.09 CPU/IO Assembly 10.09 .
Storage Assembly 23.5 Storage Assembly 23.5
Miscellaneous (Includes Miscellaneous (Includes
Handles, ETI, BITE) 1.00 Handles, ETI, BITE) 1.00
Total 87.9 Total 56.9

75-A97-001
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Page/Cable Assembly

The page/cable assembly is essentially
a standard page with 3/5 high MIBs on each
side. A flexible, integral, polyimide-
layer flat cable exists from the top edge of

the MIB and terminates at a connector. The

basic page design is as described in the

previous section along with the following

modifications. :

1) MIBs: In the fabrication process, an
inner layer of glass epoxy in the lami-
nated MIB is replaced by a flexible
polyimide layer containing etched copper
circuitry on each side.

2) Page Frame: The standard page frame
is modified to provide a strain relief for
the exiting flexible layer at the top of the
page. This design eliminates the contact

blocks, containing feed-through connec-
tions and test points, along the upper
edge. However, each signal line is
available at plated-through holes along
the top of each eable assembly MIB to
permit softwire rework.

Processor/I0 Backpanel

The backpanel is a single MIB in which
all processor/IO page connectors are
mounted. Two short wiring harnesses,
using discrete wiring, are attached and
strain-relieved at one end of the backpanel.
The harnesses terminate with pluggable
connectors for interface with the power
supply. An aluminum support plate is
bonded to the backpanel to provide rigidity
and mounting facilities.

1/0 Interface Page/Cable Assembly
6-6
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Core Storage Page
The core storage page consists of two
multilayer circuit boards, each bonded to
a separate heat-sink frame. The core mat
' 1s soldered to a pattern on the back of the
n two eircuit boards, which are then folded,
+ and fastened together. By positioning the

~© Z core mat in between the two separable
- ¢ ? boards, the outside faces and portions of

- the inside faces of the circuit boards are
. left free for component mounting. This
= conﬂguration allows sufficient mounting

~ marea for 8192, 18-bit halfwords per page.
O The core mat is an array of 0. 008-inch in-
- . side diameter, 0.013-inch outside diameter

cores on 0. 015~-inch centers, in a 256 by
576 matrix. The wires are continuous be-
tween the two circuit boards with no inter-
ference with the cores where the fold is
made. The electronic circuits associated
with the arrays are packaged mainly in
MSI flat pack modules. A Burndy UPC 92-
pin right-angle connector is soldered to
each circuit board along the bottom edge,
one connector on each end of the assembly.
These connectors interconnect the pages

6-8
75-A97-001

through the backpanel multilayer board,
which is bonded to a metal support plate.
The page is fastened to the computer
Supporting structure, through mounting
flanges extending from each side of page,

~ Additional support is provided by the con-~

nectors and the backpanel support plate,
which also is mounted to the computer
structure. Stiffness, for maintaining low
page deflections under vibration, is ob-
tained with rigid aluminum support plates.

Timing/Logic Page

The timing and Togic page is very similar
in size (9. 00 by 5. 70 by 0. 60 inches) to the
core storage page; however, detail construc—-
tion is more like the CPU pages, This as-
sembly consists of two multilayer printed
circuit boards bonded to each side of a metal
plate frame. Insulators separate the boards
from the frame. Components are attached
to the outer surface of each board, and two

+ 98~pin connectors are soldered along the

bottom edge of the frame between the boards."
The page is installed and removed by jack-
Screws in ears on each edge of the frame,

-
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6.3 ASSEMBLY PACKAGING

Assembly Packaging is Functionally Oriented

Processor/l0, Main Storage and Power Supply are packaged within the CPU as removable functional

19 assemblies.

Processor/I0 Assembly

The processor/IO assembly consists of
11 pluggable pages interconnected by a

~_ multilayer circuit backpanel, The back-
.~ panel is mounted by socket head cap screws
.. to rails brazed to the structure interior

"~ walls. The following pages are then plugged
~ into the backpanel and secured to rails with

captive mounting hardware:

1) AGE Flex-Cable Assembly*

2) Extended-Memory Page/Cable Assem-
bly* :

3) I/O Page/Cable Assembly*

4) ROS Control

5) Lo Data, Processor

6) Hi Data, Processor .

7) Selector :

8) Processor Centrol

9) PROM ‘

10)Processor Timing

11)Memory Interface Page/Cable
Assembly**

*These page/cable assemblies also contain
circular connectors which are mounted to
the front panel.

**Opposite end of the Memory Interface
page/cable assembly terminates at the
storage backpanel providing a signal in-
terface between the processor/IO and
storage,

6-10
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DRO Main Storage Assembly

The main store assembly consists of
eleven pluggable pages interconnected by a
multilayer circuit backpanel. Ten of the
pages are core storage pages, and the
eleventh is a timing and logic page. The
dimensions of the storage pages are approxi-
mately 9. 00 by 6.42 by 0. 87 inches. All of
the core storage pages are identical and in-
terchangeable; therefore, only two page
part numbers are required for the final
assembly. This presents a significant ad-
vantage in maintainability and spares re-
quired.

The main storage backpanel is mounted
directly to the structure rails with socket
head cap screws. The memory interface
page/cable assembly is plugged into the
backpanel. One memory timing and ten
storage pages are then plugged into the
backpanel and secured with captive mounting
hardware.
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6.2 SUBASSEMBLY PACKAGII_\IG
Pluggable Subassembly Concept

The basic electronic module is a plug-

gable subassembly called a "page'". A
. page consists of two multilayer intercon-
»nection boards (MIBs) bonded to a metal

frame. Insulators separate the boards

from the frame. Electronic components
- —are attached to the outer surface of each
' hoard. The circuits are mainly MSI and

unit logic~integrated circuits in flatpack
form and PROM devices in dual in-line
packages (DIPs), although some discrete
components are used. Utilization of MSI
circuitry on the logic pages increases cir-
cuit packaging density by approximately
50%. Heat generated by the component is
conducted through the MIB to the metal page
frame,

The MIBs are made of several layers of
etched, copper-clad, epoxy-glass lami-
nates which are bonded together under heat
and pressure. Connections between con-
ductor layers are made through plated
holes. Automated design and automatic
testing, together with advanced process
control, has resulted in extremely low
failure rates for the plated-through holes
and conductors. i

Integrated circuit flatpacks are soldered
to the etched patterns on the surface of the

75-A97-001

o Al subassembﬁe;, including pages, cables, and backpanels, are rep/aceable subassemblies.

:MIBs. Discrete components are soldered

6-4

in plated holes or on the board surface, de-
pending on terminal configuration. A con-
formal coating, which can be easily re-
moved with a soldering iron, during repair,
is applied for environmental protection.

Two 98-pin connectors are fastened along
the lower edge of the page frame. The con-
tacts are a blade-and-fork configuration
providing redundant current paths for each
circuit. Gaskets seal the contact interface
and the space between the receptacle and
the backpanel,

Sixty-four feedthrough connections and:
128 test points are along the upper edge of
the frame, The page is fastened to a sup-
porting structure at the two mounting
flanges (ears) with additional support pro-

vided by the connectors. The page is cooled

by thermal conduction through the frame and
mounting flange thermal interface, Keyed
guide pins project from the lower edge of the
page to guide the page during insertion, to
prevent mislocation and to insure that the
correct page is installed in the proper lo-
cation. Jackscrews on the mounting flanges
permit installation and removal without
8pecial tools.
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Power Supply Assembly

The power supply is mounted directly to
the structure rails with captive fasteners.
Regulated DC power distribution cables
from the Processor/IO backpanel and
memory interface page/cable assembly
are then plugged into the power supply.

The input power connector attached to

Interconnections
The signal interconnection design elimi-

nates the need for discrete wiring harnes-

the RFI filter is inserted through an opening

in the front panel and attached with screws.
The filter is then secured to the structure
mounting rails, with captive fasteners.

CPU Housing g

The CPU structure is a dip-brazed,
aluminum alloy housing with finned heat
exchangers on the sidewalls is the main
structural member. Forced cooling air
is passed through, and contained within,

* the heat exchanger, thus preventing direct

impingement of air on subassemblies and
components. Aluminum rails, brazed to
the heat exchanger, provide mounting sur-
faces and thermal conduction paths for all
subassemblies.

IS-A97-001

ses, All page-to-page interconnections in
the processor/IO and storage assemblies
are accomplished via MIB backpanels. In-
terconnections between the assemblies is
via flex cable assembly.

Processor/10 interface with external sys-
tems is provided by the extended memory
page/cable assembly, the I/0 page/cable
assembly and the AGE page/cable assembly.

The power interconnection for distribu-
ting regulated DC voltages is via three con-
nectors on the power supply. Two of these
connectors mate with wiring harness
attached to the Processor/IO backpanel.
The third connector mates with a discrete
wiring harness on the main storage assem-
bly backpanel.

External power interface is via a con-
nector of the RFI filter which is mounted
through the front panel. Discrete wiring
connects the input power from the RFI
filter to the power supply input.
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6.4 THERMAL COOLING

Air-cooled Using Integral Heat Exchanger

- Conduction cooling from components to subassembly frame and through mountings into integral heat

exchangers.

The CPU is packaged in a dip-brazed
aluminum structure with integral heat ex-
changers in two of the sidewalls. All major
subassemblies are mounted to these heat
exchangers using mounting flanges and rails.
Couduction cooling is the principle mode of
cooling for each component into its sub—
assembly frame, and through the mounting
ears into the brazed heat exchangers.
Thermally, the CPU consists of three major
areas, the power supply, the main storage
- assembly and the Processor/IO assembly..

The memory section, consisting of 10
modular core memory pages and a timing
page dissipates 85 W. The Processor/IO
section, consisting of interface page/cable
assemblies, logic pages and a program-
mable read-only memory page dissipates
146 W. The power supply, including the
RFI filter, dissipates 96 W. The total CPU
power dissipation is 327 W,

Cooling air passes into two front panel
inlet slots, through two heat exchangers
into 2 common plenum and out a 3. 576-
inch exhaust outlet in the rear panel. The
heat exchangers are 5. 60 by 0, 420 by 18, 88
inches, with 70 fins per inch. All cooling

6-14
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air is indirect forced air with no impinge-
ment of cooling air on components. Thermal
interfaces are through machined surfaces

for metal-to-metal contacts and conformal
coating under all components to ensure a
good thermal path,

The CPU operates with a maximum inlet
air temperature of 100°F. Temperature
extremes down to 0°F will not have any
detrimental effects on the unit and indirect
air cooling, moisture, sand, dust, or salt
spray cause no degrading problems on the
cooling scheme. Minimum required normal
cooling rates are shown in flow rate vs
temperature chart. For normal operation
the allowable inlet temperature range is
35°F to 100°F, however, under 8 psia
emergency cabin pressure condition, the

‘maximum allowable ambient temperature is

80°F with a maximum inlet temperature of
80°F at a maximum of 5. 0 1bs/min/kW flow
rate. Storage temperatures from -65°F to
150°F have no detrimental effect on the unit.

Typical pressure drop measurements for

the CPU structure with various mass flows
are shown in the pressure drop characteris-

tics chart.
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7.1 COMPUTER SUPPORT EUUIPMENT

Provides Control and Display of Computer Operation and Status

The computer support equipment (CSE) is used to load, control, and monitor the computer during

hardware and software testing.

The basic CSE consists of a Micropro-
grammed Test Set (MTS), a magnetic tape
transport, and a power and cooling unit.
Under control of the MTS, the CPU is
tested using the resident functional test
program (FTP), which iterates contin-
uously in a sequence that verifies the oper-
ational status of all portions of the CPU.
The MTS, in conjunction with the CPU
built-in-test equipment (BITE) and under
the control of the FTP, can detect all
processor, storage, and I/O problems, .

The MTS provides the user with a CPU
operator's console, The MTS interfaces
with the CPU through a separate AGE con~-
nector for load, control, and monitor func-
tions. This connection also serves as the
primary interface for debugging software
in the ccmputer, The following functions
can be performed through the MTS switches
and displays:

e Enter information into data and control
registers

Start execution from preset address
Stop execution at preset address
System reset

Memory load of a single word

Stop execution

Single step execution

Single cycle execution

Initiate manual memory read and write
Perform memory load and verification
from magnetic tape transport

Perform memory dump from preset
addresses

Initiate interrupts

Display registers

Display microinstructions

Display errors

Address compare

Stop on error :

History storage (ROS, Instruction, I/O
address), _
The magnetic tape transport uses a
7-inch reel (600 ft) of half-inch tape to

75-A97-001

record nine~track data at 800 b/in and
12,5 in/s. Physical characteristics are
as follows:

@ Weight: 601b

e Dimensions: 8.75H x 19W x 8.5D
(inches)

‘e Power: 100-125 VAC +10%, 1.0 A

200-250 VAC +10%, 0.5 A,
48-62 Hz

The power and cooling unit supplies
28-VDC input power and cooling air to the
CPU. Test points and switches permit
measuring supplied current and voltage.

To extend the versatility and man/CPU
interface of the MTS for supporting hard-
ware and software testing, programmable
peripherals may be added to the basic
equipment. These peripherals include a
high~speed line printer, a CRT/Keyboard,
and a second magnetic tape transport. The
line printer may also be hard-wired, per-
mitting hard copy memory dumps for pro-
gram maintenance and debug aids. The
line printer characteristics are shown be-
lows

165 characters
per second, 60
lines of 132
characters per
minute

5x7 dot matrix,
10-point equiv-
alent

63 alphanumeric

e Printing Rate:

e Character Structures

e Character Repertoire:

and special char-

acters (USASCII)

¢ Printing Structure: 132 characters

per line, 6 lines -

per inch
e Dimensions; 11-1/4H x
19-1/4D x
27-1/2W (inches)
e Weight: 155 1b
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