LIS IML
- Field Engineering

@ @ @ @ Processing Unit

Systemn/360 Model 20

(Machines with serial no. 50,000 and above)

Maintenance Diagrams

Volume 2

SY33-1042-1



Preface

This publication (Volume 2) and its companion publication (Volume 1,
Form Y33-1024) constitute the Field Engineering Maintenance Diagrams
manual for the IBM 2020 Processing Unit (machines with serial number
50,000 and above) in the IBM System/360 Model 20. Volume 2 contains
operations information (Section 5) and Volume 1 contains information on
the following:
Diagnostic techniques (Section 1)
Error conditions (Section 2)
Data flow (Section 3)
Functional units (Section 4)
Power (Section 6)
Microprograms (Appendix B)
Both volumes are used for maintenance, instruction, and recall.
The material in these volumes supplements the information contained
in the following manuals:

1. Field Engineering Theory of Operation, 2020 Processing Unit,
System/360 Model 20 (Machines with serial no. 50,000 and above),
Form Y33-1021.

2. Field Engineering Maintenance Manual, 2020 Processing Unit,
System/360 Model 20 (Machines with serial no. 50,000 and above),
Form Y33-1035.

Associated Publications

The following Field Er . neering Maintenance Diagrams manuals contain

information on the features which may be installed on the 2020 Processing

Unit:

1. 1403 Printer Models 2, 7, N1 Attachment Feature, System/360 Model 20
(Machines with serial no. 50,000 and above), Form Y33-1018.

2. 2152 Printer-Keyboard Attachment Feature, System/360 Model 20
(Machines with serial no. 50,000 and above), Form Y33-1026.

3. 2203 Printer Attachment Feature, System/360 Model 20 (Machines
with serial no. 50,000 and above), Form Y33-1022.

4. 2520 Card Read Punch Attachment Feature, System/360 Model 20
(Machines with serial no. 50,000 and above), Form Y33-1028.

Second Edition (November 1969)

This volume is a major revision of, and obsoletes, Y33-1042-0.

5. 2560 Multi-Function Card Machine Attachment Feature, 2501 Card
Reader Attachment Feature, 1442 Card Punch Model 5 Attachment
Feature, System/360 Model 20 (Machines with serial no. 50,000 and
above), Form Y33-1033.

6. Binary Synchronous Communications Adapter, System/360 Model 20
(Machines with serial no. 50,000 and above), Form Y33-1039.

7. Input/Output Channel Feature, System/360 Model 20 (Machines with
serial no. 50,000 and above), Form Y33-1017.

8. Storage Control Feature, System/360 Model 20 (Machines with serial
no. 50,000 and above), Form Y33-1037.

Information on the serial I/O channel feature is contained in Field
Engineering Theory of Operation, Maintenance Diagrams, Serial I/O
Channel Attachment Feature, System/360 Model 20 (Machines with serial
no. 50,000 and above), Form Y33-1040.

The associated Field Engineering Theory of Operations manual for the
features are:

1. 1403 Printer Models 2, 7, N1 Attachment Feature, System/360 Model
20 (Machines with serial no. 50,000 and above), Form Y33-1020.

2. 2152 Printer-Keyboard Attachment Feature, System/360 Model 20
(Machines with serial no. 50,000 and above), Form Y33-1025.

3. 2203 Printer Attachment Feature, System/360 Model 20 (Machines
with serial no. 50,000 and above), Form Y33-1027.

4. 2520 Card Read Punch Attachment Feature, System/360 Model 20
(Machines with serial no. 50,000 and above), Form Y33-1029.

5. 2560 Multi-Function Card Machine Attachment Feature, 2501 Card
Reader Attachment Feature, 1442 Card Punch Model 5 Attachment
Feature, System/360 Model 20 (Machines with serial no. 50,000 and
above), Form Y33-1034.

6. Binary Synchronous Communications Adapter, System/360 Model 20
(Machines with serial no. 50,000 and above), Form Y33-1038.

7. Input/Output Channel Feature, System/360 Model 20 (Machines with
serial no. 50,000 and above), Form Y33-1019.

8. Storage Control Feature, System/360 Model 20 (Machines with serial
no. 50,000 and above), Form Y33-1036.

Changed diagrams are denoted by the symbol ® to the left of the caption, small changes being also indicated

by vertical lines to the left of the changes.

Changes are continually made to the specifications herein; any such changes will be reported in subsequent

revisions or FE Supplements.

A form for readers’ comments is provided at the back of this publication. If the form has been removed,
comments may be addressed to IBM Laboratories, Product Publications, Dept 784, 703 Boeblingen/Wuertt,

P.O. Box 210, Germany.

© Copyright International Business Machines Corporation 1969
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Legend

1. Logic Diagrams

(Gate) X 00:00
0 3 ] 8 15
Register, Counter

Clear (Register Name) Input side is denoted by thick line. A partial transfer of
(Reset) |o (ALD Page Number) 15| contents is shown by numbered input and/or output lines.

0 2 (Time)

l Shift Input Q—P

Clear
(Reset) (Time)

[Counter Name

<Sory I3 [2]1]o +1* ss
Hold
* +for up
- for down

Gate

Numerals against gate symbol give page or diagrom

number of gating circuit.

Singleshot

Oscillator

Time Delay

Indicator lamp

Identifies indicatabl

(Set) — (On/1)
L Flip Latch
Input side is denoted by thick line. Circuit multiples shown
8 Oft/0) by numeral in lower right corner. ALD reference page may
(Reset) 1 — (0RO e encorh
On/1
(Set) . F— (On/1) Flip-Flop
(Complement) —p. Input side is denoted by thick line. Shift signal is shown
bya Por N.
(Reset) & (Off/0)
-
(Data) 1—) (Qutput)
PH Polarity Hold ‘
(Control)  }+— Input side is denoted by thick fine. F
(Clear) &
AND
FLm
OR
Exclusive OR

Negator (Inverter)

Negative Polarity wedge

Adder

(=R Rl

bus, register,
latch, ect. such as: Indicatable bus
with number of bus lines indicated

Indicatable flip latch

Parity Check data bus

Parity Generate data bus

Amplifier

XX Abbreviations:
CD = Core Driver
Head Driver

D Indicator Driver
LD Line Driver
L7 Line Terminator

MD = Magnet Driver
= Voltage Amplifier

Interface
Denotes interface between two units,

Multiple Line Transfer

W

2. Timing Charts

! | Active State

1 i Numerals at beginning and end of the bar identify the
3 signal(s)(also on the same chart) that activate and
[ | deactivate this line "Not" with the number

'I II indicates that lack of the signal conditions the line.

3. Flowcharts

Terminal
Indicates beginning or end of event

Process

Indicates a major function or event. The upper portion
of a divided block specifies where a detailed flowchart
of the process is located.

See Diagram 1-3

Annotation
Gives descriptive comment or explanatory note.

Decision

Indicates a point in a flowchart where a branch to
alternate paths is possible. The upper portion of a
divided block specifies where a detailed flowchart
is located.




4. General

ON
hO.

O

&

Diag 1-2

5. Special Symbols

On-Page Connector
Indicates connection between two parts of the same
diagram. Arrow leaving symbol points (line-of-sight)
to correspondingly-numbered symbol .

On-Page Connector

Indicates connection between two parts of the same
diagram. Alphameric grid coordinate of complementary
connector shown beneath.

Off-Page Connector

Indicates connection between diagrams located on
separate pages. Location of correspondingly-lettered
symbol shown adjacent.

Halfword register Register definition
(e.g. SAR, MAR, Data expressed in hex
LS reg)

Decision by circuits

Exchange of bytes
(cross shift)

High rd/
gh-order
N 3 |

15]
Byte

Halfword

Subfunction, e.g.

Address checking (AC)

Carry

=

Information blocks showing
which data (hex) is on @
line, and an input or output
of a functional unit

Depending function
(e.9.Modifier can only increment or
\ decrement data in MAR)

Partial use of data
(byte, half byte, or bit)

Alignment of functional blocks with basic timing

Core storage

; Halfword: combination
Sense data " of bytes from different
(read) T ¥ sources (e.g. ALU-SDR)
Inhibit (write)

TDR/Eight Shift

K3

Entry line —]
Data bus out
(low order byte)
}———— Test for packed decimal format (data,sign)
N
Shift Unit
[*— Nommalize sign function
[*+— Shift function (shown by separate table)
le—— Suppress function (shaded bit groups are suppressed)
Exit line
ADD Six correction (decimal op only)
carry  —
ALU function T 6{_°_|
AW — »
-t-\
T ALU result (includes carry)
Carry
(byte or halfword)

Exit line—=
Swie T 1
Switch

Entry linc——= T

FDR

Performed function (true,
invert, zeros, ones)

Logical unit comprising shift unit, ALU, and invert switch,
Functions not used within a specified operation are deleted,
The whole logical unit is controlled by signals timed by
cycles (eg. FDR true 0-15 during cycle 1). For charts
representing more than one different operation, the

different functions are repeated and identified by mnemonics

6. Standard Signal A

Signal grouping
according to

Combined signal which shows

}No shift 8

ross shift

True = true
Invert = invert

Not invert not true = force ones

1

: o o Nome ALD when new and current PL may
functional units differ (higher priority trap
. request). Depending upon the
1| Sense Trop Request Lines LA103 zone gotes, the last instruction
2 | LS New PL Zone Gate KAS11 is finished in the currently
LS zone selection | 3 | LS Current PL Zone Gate selected LS zone while the next
instruction is already initiated
4| New/Current PL using the new LS zone.
5 | CELS Select cc222
Spore | &
7 | Fixed X-Address Lad12 Combined signal . The number
8 | To Reg' Select LA%02 above the signal shows which
5 From Reg' Select ASTl LS register is addressed.
10 [ 15 10 sAR KB411
LS register selection,| 11 | LS to MAR
LS input and output | 12 | LS 1o FOR KB401
icontrol
13 | LS 10 TOR
14 | MAR 10 LS LA702-712
15 | Set ALU (/O Bus) 1o LS
16 | Ls write 1A302/313
Spare | 17
18 | Set Address Check RASO1
19 [ Branch Go RAS02
» 20 | increment by 1 RA402
mm‘“""' 21 | Increment by 2 RA403
22 | Decrement by | RAZOT
23 | Decrement by 2 RA402
24| Prevent Mod-SAR-Inh Check| KAS11 . Pem
Combined signal comprising: TDR 0-7 to SU 0-
Spore_| 25 TDR 8-15 1o SU 8-15
26 | Prevent Storage Use MA402 TDRO-7 to SU8-15
SDR ¢ontrol 27 | SDRto Inh MA401 TDR 8-15 to SU 0-7
78 | SDR to Op Reg KB102
Spare | 29 Combined signal comprising: Shift left by 2
%0 | SDR to TDR KB402 Shift leit bz 4
- - Shift right by 2
31 | Eight Shift Control RB162 Shift right by 4
32 | Shiff by 201 & RB16T
TOR/shift unit
conR./.:ﬂ' o 33 | No Shift RB162 Combined signal No shift 0-7 No shi
o b o shift 0-15
34 | Test Packed Byte or Sign | RAS02 comprising:  No shift bit 8-15
35 | Nomolize Sign Active
% | Suppress RB171 Combined signal comprising: Suppr SU bit 0-7
Suppr SU bit 0-3
Spare | 37 Suppr SU bit 4-7
FOR/invert switch |0 | ALY to FOR AA3 Suppr SU bit 8-11
control 39 | Reset FDR/Retain FDR0-7 | AA303/KB411 Suppr SU bit 12-15
40 | Invert Switch Control RB01 Suppr SU bit 8-9
Suppr SU bit 10-11
Spare | 41 Suppr SU bit 12-13
42 | ALU Control Gate AA] Suppr SU bit 14-15
43 | Additional Carry AA302 i
44 | Six Correction 8-11/12-15 Combined signal comprising: ig: ree f:'a'_s‘ s i
ALU control | 45 | Set Carry Latch AAs02 FDR invert 0-7
46 | Set Condition Code Latches FOR invert 0-7 is forced by FDR invert 8-15, |Invert and true = force zeros
o TALU 1910 MAROT If FDR invert 0-7 is not required, it is |
48 | ALU to SAR KB411 suppressed.
Spare | 49 — —
Combined signal * Adder gat
50 | Dato Switch fo Op Reg KB402 embined slgnal ComprISing’ AND gate
51 | Op Reg 1o Address Bus KA541 OR gate
52 | 1/O Display Address Out OF = no gate active
| [ Allow Siobe
1/0 bus control "4 "GeNS Sirobe/Control Strabe | BAI02
55 | Sense Reset/CTRL Strobe
56 | Prevent ALU and SU Check | BAI03
57 | 1/O Bus to FOR
58
59
)
spare | 6!
62
&3
64
65
6
67 | Set ALU Test Latch ccial
68 [ Sef Process Check cc122
69 | Set LSA Check ccaa
70 | Set Mod Check cciol
Set CPU checks | 71 | et SU Check ccioz
72 | Set ALU Check
73 | Set Bus Check
74 | Set SAR Check cciol
75 [ Set Inh Check

Signals prefixed by "Set* are intemal card signals
which cannot be measured. They indicate when the
specified function is executed.

{——' Reference to a single ALD poge or

to the first of a group of pages.




Abbreviations

AC

ADDR, Addr, ADR
ALC

ALU

ASCII

Aux

BSCA

CcC

CE

Chk, Ck
CLD
Col Bin
CPL
CPU

CS

Cust
CY

Diag
Displ, Dply
DR

EBCDIC
Ex

FDR
FL

IAR

ICPL

ICR

Indir

Inh

Insn, Instr
10C

I/0

I-Recall Addr

LC
LS

Address Check

Address

Auto Length Count
Arithmetic and Logic Unit

American Standard Code for Information Interchange

Auxiliary

Binary Synchronous Communications Adapter

Condition Code

Customer Engineer

Check

Control Logic Diagram (microprogram list)
Column Binary

Control Program Load

Central Processing Unit

Cycle Steal

Customer

Cycle

Diagnostic, Diagram
Display
Data Register (display customer console)

Extended Binary-Coded-Decimal Interchange Code
Execution

From-Data Register
Flip Latch (Latch)

(Micro) Instruction Address Register
Initial Control Program Load
Impulse Check Routine

Indirect

Inhibit (switch)

Instruction

Input/Output Channel
Input/Output (Device)
Instruction-Recall Address

Length Count
Local Store

MANOP

MFT
Mnem

NSI

OE

Op

Op Reg
Oprnd

PL

PSW

Rd

Reg
Req
Rst

SAR
SC
SDR
Stor
SU
Sw
Syst

u-instr

Wkg

ACY

(Circuit-Controlled) Manual Operation
Modify Address-Register

Machine Function Test

Mnemonic

Next Sequential Instruction

Exclusive OR
Operation
Operation Register
Operand

Program Level
Primary
Program Status Word

Read
Register
Request
Reset

Storage Address Register
Set Carry

Storage Data Register
Storage

Shift Unit

Switch

System

Time (pulse)
To-Data Register

Microinstruction

Working

Delta Cycle

Representation of Hexadecimal Numbers




Circuit-controlled operations -

(Documented by Diagram 5-81)

[mancrs ]

- — — — —‘[CPU cycle steal operafionj
|
|
|

IEPU cycle steal (CS) operations can be _|
Irequested by the storage control feature,
10C, and BSCA (CS requests). Consider I
Ithe operations as circuit controlled service
phases which allow rapid data transfer from
lor to CPU. CS operations are of highest I

priority

Storage Display
Storage Scan
Storage Alter
Storage Fill
Storage Test

Local Store Display
Local Store Alter

Initial Control Program Load
(ICPL)

CPU LOG IN

WHAT CAN THE CPU DO?

Microinstruction-

Mode Switch (customer console)

controlled operations

Execution of 43 basic
' microinstructions

Depending upon direct or indirect
operand addressing, 113 varieties of
the 43 basic microinstructions are
possible

Additionally, 18 of the microinstr's

can operate in auto-length-count
mode (ALC)

: )
Usemeter
key to CE and No

CE mode switc

y (Documented by
Diagrams 5-3 to 5-72)

Documented by microprogram lists (CLD's)

and by flowcharts. The CLD's are available in
binders CO1 to C03. Flowcharts are given in
2020 FEMDM, Volume 1, Appendix B. Flow-
charts for special E-phases of I/O instructions
(XIO, TIO, TIOB, CIO), special parts of
service phases, and special routines (I/O log
in, CE) are given in the corresponding
"Attachment"~FEMDM . Maintenance programs
are documented in binders labeled T10,

T30, and T40.

- — 41 _

I_The microinstructions are linked to the —I
I micro=control=program. |
The whole micro=control=program consists
l of routines. The routines are designed I
to execute following main CPU functions:

[1. Control Program Load (CPL). Micro-—I

(ofter CPU LOG IN)

key to CE and

— —

e—Initially performed if: 1.
2.
3.

CE mode switch
Power on, or on
System reset key, or
Load key operated (ICPL, CPL,

customer program load).

PROCESS
——— INSN STEP ADR STOP
—— STOR DPLY DPLY REG ——M
—— STOR ALTER ALTER REG —»Y
— STOR SCAN STOR FILL
CPL
on
Yes
te——  CE storage test J<_—_———_
switch on
Usemeter

(Documented by Diagrams 5-73 to 5-80)

® Diagram 5-1, CPU Operations (Part 1 of 2) (03705A)

2020 250,000 FEMDM Vol 2

8/69)

v

o instruction=controlled loading of the
micro-control-program ofter the first |
loader card has been read into core
storage by MANOP ICPL. In customer |
mode, CPL is performed using the
core resident absolute loader in core |
storage (Aux storage)

. System Reset Routine

. Manual Routines. Micro-control-

program to display or-alter the 8 |
general registers (customer), PSW,
|-recall address, and machine |
language instruction op code, or

to perform instruction step, and I
address stop

1T T Tud T T T

B

. Load Routine. Mi::ro-ccmfroI—prcvgrv:Jm_I
which simulates an XIO machine
language instruction to read the first I
loader card of the customer program

T -

. Instruction Phase (I-Phase) and Execute
Phase (E-Phase) of the Machine
Language Instructions

_
»

r

6. 1/O Service Phases

l.JL

~N

. Interrupt Handling

i A

. Program Error Handling

X
®

»l

Maintenance. 1/O log in routines
(detailed and count type log)

1 9.

CPU micro test, CPU loader test.
Worst case pattern test (core storage
adjustments)

l Machine function tests (MFT's) and
impulse check routine (ICR). Both
| tests run on a mixture of special
mi cro-control=program routines and
I machine language instructions




Y Microinstruction Layout \

High-order B Halfword L der B Condition Updating Auto
igh- t - t :
[ghrorcer Pvte oworder yte Code Operand- Length Count Remarks Dmg(;aT Nu;nber
Rl Format Memonid 0 [ 1] 23] 4] s]e][7]e]o]w0]u]iz]is]a]s Setting Addresses (ALO) 5
Load Byte Immediate LBI 0 3 <
0, —
Insert Byte Left IBL o/ 1 4 \Ne.g. 5-3)
Immediate Byte Instructions g’:? l""";edi“"e gII\IIIDl N/ __? s
mmediate c, .
Exclusive OR Immediate 3}’ ’ EORI 72/ 0 To Reg [mmediate Data Byte
ADD Immediate ADDI 1 6
Test Under Mask and Skip if Zero TMSZ /3/ 0 ;
Test Under Mask and Skip if Not Zero T™S 1
Translate and Branch Short TRBS J4) 0 TRBS™]. Indirect address if bit 15 of branch 8 + 9
Translate and Branch Long TRBL 1 TRBL | address is on 10 E 1
Direct Indirect
RD Format ‘ i
Load Halfword — T 0 : 12 1 13
I LoodStore | Store Halfword 7 A=t | sTH /5/ 1 | 1415
Branch and Store T ’ BST T 1] 17 [1] ! 6 1 17
Branch on Binary Zero BZ 0 ! T
6 . ) '
) Branch on Binary Minus cle b e BM 76/ 1 To Reg Displacement Address ! 18 : 19
Branch Type Instructions Branch on Binary Plus R BP 17/ 0 | :
Branch on Address Check BAC 1 X |
Branch Unconditional B /87 0] 0]07]0 R 20 T 21
\ . . .
Direct addressing if 0 o FF |nstruct|o£ EI:S 8 12 _ ]
Indirect addressing if 1 87 =~ ‘ 0 0=DD - Instruction Type
“i#* 0. 1=DX type—————1»DD DX XD XX
e 1 0=XD (ALC)
FF Format AT 40045 1 1=XX
" [ Store Zone Register STR 0 oj1]01]o 0 22 J
Load Zone Register LR /8/ ofoi1j1]o 0 23 '
Move Halfword and Split MVHS 1 [ split JAC] 0 . 2 2 s | .
Shift Left and Move SLM 0 Shift | H 1 ! |
Move Type Instructions | Shift Right and Move SRM a4 1 Amount ; : v 2% : z : [
Move Halfword MVH 0 | 1 JAddr| | (*if 1, h /-2 3 1+ 31 1+ 32 ! 33
Move Byte MVB 1 0 ]+or- | - if 0) ! +/- 1 34 1 35 1| 36 | 37
. V/-v4 l | ! T
Move Numeric MVN 1 110 M | 32 39 ! 40 ' o4
Move Zone Mvz RN | | * - : }
Add Halfword AH 0o ) ! ! ! ; !
Binary Arithmetic Add Halfword and Set Carry AHSC VY (O I > ! f -2 ALC 2 ! 43 i “ | s
Instructions Subtract Halfword SH 1 01813 ! ' Conditional | , |
Subtract Halfword and Set Carry . SHSC [N S | ToReg Il From Reg (‘°nt ! l:)'na If XX-type i | !
AND Byte or Halfword AND 0lo0]= 3 : | : IE?frzco:)m instruction ! o i N ! ;
. . OR Byte or Halfword OR 0 112 = | ! + and ‘'to reg'=3 46 | I
Logical Instructions Exclusive OR Byte or Halfword EOR </ 1 018 § | { ! ‘from reg'=: ’ E ! !
Compare Logical Byte or Halfword CLC 1 1 : | 50 51 52 1 53
Add Packed Byte AP o lofo i | 54 | 55 | 56 | 57
3 ) Subtract Packed Byte SP 0[0]1 : | U ditional 4 58 ' 59 ' 60 | 61
Packed Decimal Instructions Zero and Add Packed Byte ZAP Y 0 110 1 : nconditiona 54 : 55 1 56 : 57
Perform Packed Complement PPC ol 11 ! | 58 | 59 1 60 | 61
Set Decimal Sign SDS 1]o]o \ q 62 1 63 | 64 ! 65
CPU Stop Instruction { Halt and Display Halfword HALT 1 1ol o]ol] 0 66 |
Operand addressing:
if bits 0 = direct Direct Indirect ALC
if bits 1 = indirect l
1/O Instructions
Sense 1/0 SENS /E/ \ ALC 67 68 69
To R SENS/CTRL Add +1 AP
Control 1/O CTRL /F/ © reg / ress if indir address 70 71 72
o[1[2]s]a]s]el7]8]o]w0]njnz[13[u]is and 'fo reg' =
ADDRESS CHECK (AC, bit 7 of FF format instructions). SHIFT AMOUNT (bits 5, 6, and 7 of SLM, SRM), 'TO REG', 'FROM REG', . o .
When the bit is on, the operand addresses (in 'to' or 'from reg' if indirect address) are The pattern in these bits specifies the number of bits by which the operand halfword has These fields may contain any bmary‘value‘from 0 to 7. This binary value is used to
checked that they are not outside customer storage area. For halfword instructions (e.g. to be shifted. select one of T,Ight IIocqldsi'orage r?glste;s |n: local ffore .zfor;‘e.h.F%r Fquncll).lt/p "
MVHS, MVH, AH), the addresses are also checked for halfword boundary (address must instructions, the selected register is used as data register if the high-order bit in the
be eve’n). Ar: addr;ss check stops the CPU by program check (trap requerys'r (2). Shift by 0 (No shift, only move) 'to or from ;eg‘ field is off (direct addressing). The selected register is used as
Shift by 2 address register for a core storage operand if the high-order bit is on (indirect
SPLIT (bits 5 and 6 of MVHS). Shift by 4 No shift by 6 (bits 6 and 7 on simultaneously) addressing).
During MVHS, a halfword is split. The result of the split is set into two adjacent Shift by 8 When the 'to reg' specifies local store register 7 (IAR, instruction address r?gisl'er),
registers. The binary value of bits 5 and 6 (0-3) defines the split mode. Details of Shift by 10 instructions which set data into a local store register as a result of their operation® (load
split are given in the MVHS flowchart, Shift by 12 type instruction) are treated as no operation.

Diagram 5-1. CPU Operations (Part 2 of 2) Microinstructions (03706) 2020 = 50,000 FEMDM Vol 2 (8/69)



Example of Microprogram List (CLD)

Heading ANNR INST n LAREL MNFEM OPFRANDS SFATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX COMMENTS
T2 gy
~FROM=- JK62
JK74 6184 JKA4 RZ 1,D0IGSFL A2 TN TAR.N=7/TNST.3-14 If Rl = O
JK76 29FF ADDT 1,-2 Ri %= R} + 'FFFF'
JK7R 7164 JK64 e 1, START AR TO JTARNA-7/INST,8-14 TF Rl ,GT, 0
JKTA 6989 JK8N BH 1, SIGNST AR TO TAR.N-7/INST.8-14 IF Rl ,LT, 0
* FIFLD SFPARATION CHARACTER
JK7C BA6K SH 64964CC CCy PH ¥= R6 - RA
JKT7F RN6E  JK66 B FTLL AR TO TAP.N=7/[NST.8-14
* SIGNT TCANCF START CHARACTFR
JK8M 7684 JKR4 SIGNST Rp 643 DIGSFL AR TN TAR,O=T/INST.R=14 IF R6 ,GT, O i
=FROM— K7A Label
JKR?2 (461 Ok 6y R6 %= R6 ,MR,R1 R ired
JKB4 68AA  JKAA DIGSFL BM  11,SCNDGT 3R TO TAR.O-T/INST.B-14 TF RN ,LT, 0 Squire
-FROM= JK74 JK8N Allowed -}
JKRA AROD MVR My 61,4 INCyAC RN *= RN, N=T/BY(RS; AC, +1)
JKB8 8AN" MVHS n,n, RO %= 'NOCY/RN,.12-15 , R1 %= 1N1/RN.N=-1] >
;__r_, L TN I )
Branch
To
End Li"_e QJHA £ey? RASIC RNOUTINFS LSTPN4AB2SNT  FCN12R17 | 3rSEPAR NCKPN4AS2GM2  FCCI2R10 PAGF 16
v s
eg. JK 88
Symbolic Block ‘]’
Address i Hex Contents of the Addressed
| Halfword
Block Addr
ft() 1 2 3 4 5 6 7 8 9 A B C D E F
o ! The real values of the symbolic block addresses
: depend upon system configuration and main-
Byte Address read out, storage size.
1 ‘47 but regenerated The references of symbolic and real block ad-
- - - ¥ dresses are given in the LINK LIST which can
2 Even oddress Byte only be printed immediately following the Microinstructions
(micro instruction) !_ loading of the microprogram.
Halfword ,Odd c‘ddress
3 |
| i
Always on an even address (if halfword address is odd, only the even part is used)
4 | !
——
5 i
6
7
Block of 256 bytes
I J
8 /ABOD/ /8A00/
i
9 H Address JK88
: | !
A o
L |
Address counter If DS, 0Q advanced to
N N
Odd YEven
mxf Address counter
S Halfword If DS, 0Q advanced to— >
o Start next block row Byte not used Last —
| | Halfword
£ Address counter | I
If DS, OM advanced to |
T
r Last ! | |
' Holford | [
|
Block § |
Row  Start next block Assembler
Instructions
Common Symbols
'To reg' = 0-7.
'From reg' = 0-7.
| the corresponding reg or label
is used for indirect addressing.

X'a..."'

AC - address check performed.

INC = the indirect address (in reg) is incremented.
DEC - the indirect address (in reg) is decremented.
CC - condition code set.

NC = no condition code.

any hex digit 0 to F.

[ 7 = optional functior.

Diagram 5-2. Microprogram List Explanc:fion
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X X XX XXX XX XXXXXX X X XXXXXXXX

XXX XXXXXX XXXXXXX X

x

XX XXX X

X X X X

(4

The statement is represented by a formula which de-
fines the detailed CPU functions required to perform
a microinstruction, The detailed CPU functions are
also outlined in the operation flowcharts.

EXAMPLE
AP 41,21, AC CC,C/BY(R4,AC)#=BY(R4, -1), D+, BY(R2,AC, -1),D+,C
L Result j *i Operation J
i Consider as an !
i arrow !
| |
- Direction of Reading ——FH————
r———-—d |
¥ v
The result of the operation (see "Summary") is *= " |1. Define operands: BY, D+,BY, D+, C
Ty set into the byte (BY) addressed by LS reg 4 (Two bytes and a previous carry are
1BL "To reg', X 'aa’ (R4, AC). The address is checked, A carry, decimal added.)
ANDI <;r when decimal adding the operands, is saved by 2. Define addressing: BY (R4), BY (R2)
ORI To reg', n =0 through 127 setting the carry latch (C/}. The condition (One byte is addressed by LS reg 4,
4 > 9 code (CC) latches are set. the other by LS reg 2.)
EORI or -n = -1 through -128 .
. \ 3. What happens with the addresses?
ADDI Toreg', -n (R4, -1), (R2, A 1
T™SZ Statement Symbols (R4, -1), R2, AC, -1)
™ (Both addresses are decrementedby 1.|
A = Logical and PIUL = Customer Console The address in LS reg 2 is checked.)
TRBS 'To reg', label [X 'a'] AC = Address Check Display 3 -
3R = Branch PL = Program Level ummary
'
TRBL To reg’, B (label) BY = Byte R = Local Storage Register The byte Qddn?ssed by LS reg 2 c}nd
H c = Carry SKIP = Skip Over the Next a present prevm‘us carry are decnr(nal
STH CcC = Condition Code Instruction added to the byte addressed by LS
4 COMP = Compare SL = Shift Left Leg]4. 'I;lhehudcl!:e;ses are decremented
BM To reg, label [+n][, 1] D+ = Decimal Plus SR = Shift Right I\TOTE?ACC ke i
BP D- = Decimal Minus TDR = Dataflow Register o d.' specification is va id fc{r
BAC ESTR = Customer Console UNTIL = Length's-count all indirect addresses in an instruction |
Display Reduction Until......
BsT Label Cn[, 11 FDR = Dataflow Register VALID SIGN = Decimal Sign
8 GT = Greater Than Hex A to F
LR HW = Halfword + = Binary Add
STR 'To reg', 'from reg’ IAR = Microprogram AR - = Binary Complement Add
HALT INDIR = Indirect . = Precedes a Bit Notation Alphabetic Listing of Micro-
SIM iNST = Instruction , = Separator instructions
‘To reg'[1], 'from reg' [1], n — INVALID = Invalid Address / = Connection of Values - - —
SRM ! ! LT = Less Than () = Contains an Address Mnemonic Diagram
MVHS | 'To reg', ‘from reg' [11, n, [AC] [ NE = Not Equal 8-15 = Bits 8- 15 (Example) ADDI 5-6
N - NORMALIZED = Decimal Sign For X = Secondary Defined AH 5-42,43,44,45
MVH | 'To reg! 1] from reg'[l], INC[,AC] EBCDIC or USASCII Valve AHSC | 5-42,43, 44,45
or . . * e e
NOT C = Logical "I" if No Carry| *= = Direction of Data AND 5-46,47,48,49
MV | 'To reg' ], fromreg' [1], DEC LA OF = Exclusive OR Transfer (<=) ANDI [ 5-5
MVN OR = Logical OR EXXXX! = Hexadecimal AP 5-54,55,56,57
Mvz Representation B 5-20,21
/;;P "To reg [I, 'f "I1LACT e P
2 o reg , 'from reg " Lo n =0 through 255, however, D.EF.INE CONSTANT. The constants are hexadecimal BM 5-18,19
the result of label +n must be digits (up to 16), characters (up to 32) or addresses. BP 5-18,19
gg(é an address inside block boundary The addresses are of four different types (A, E, B, D). BST 5-16,17
BZ 5-18,19
AH Type A = halfword address defined by label or by d
AHSC label £ n (n = 0 to 255). CLC 5-50,51,52,53
SH "To reg [1], 'from reg' [1], CC,AC) —* n=0, ?1418110112 Type E = an internal label is similar to an external CTRL 5-70,71,72
SHSC 9 ’ o gt (Shift amount) Lab;:. '!'(I::r::ﬁt:;etlis the address defined EOR 5-46,47 48,49
' ' ' y the e . -
g’;D To reg" L], 'from reg' (1], NC[ AQ ) . Type B = the constant is the block address (high- EORI 55
EOR > 1 =0to3 (Split mode) order byte) of the address defined by the HALT 5-66
label.
cLe Type D = the constant is the low=order byte of the 1BL 54
SENS To reg' (1}, X'aa’ address defined by the label or by the LBI 5-3
or ———— n =0 through 255, however, label = n (n = 0 to 255). LH 5-12,13
CTRL To reg" [1l, label [+ n] ::‘ear:;:lel;o.fnl?::lbln :\usr be ORIGIN. Command for the address counter of the LR 53
boundar st < assembler to go either to the ORG address *n (if ,n= MVB 5-34,35,36,37
DC A (label [+n] ) 4 0 to 255) or to the address specified by the label. MVH 5-30,31,32,33
gg E (I(Ilb?)!’ label) /| START. The start address of a section is defined. The x\\;ﬂf g:gg'gg 40,41
o abe . X . 39,40,
pe D (Label [+n] ) / required label is used as section name. MVZ 5-38.39,40. 41
DC C 'ABCDEFGH. . ...... / ENTRY/EXTERN. The label defines an address at which OR 5-46,47,48,49
DC X 'aqaq. et / / the section is entered from another section (ENTRY) or ORI 5-5
. / to which the program goes on leaving the section.
ORG +n / PPC 5-58,59,60,61
ORG Label DEFINE STORAGE. Command for the assembler to
- ' i / advance the address counter. SDS 5-62,63,64,65
START X ‘oaca / The counter is advanced either according to SENS 5-67,68,69
ENTRY | Label n (N =0 to 255) or to a storage boundary defined by SH 5-42,43,44,45
EXTRN | Label 0H, 0Q, or OM: SHSC 5-42,43,44,45
-26,27,28,29
D3 n OH = continue at next halfword address. ?';M 2—58159,60 61
DS OH 0Q = continue at start address of next block row. SRM 5—26127'28’29
DS 0Q OM = continue at start address of next block. STH 5_]4’]5’ !
DS oM (see examples in the block on the left) SR 5_22'
EQU X ‘aaaa’ N EQUATE. The required label is equated either with the ™S 57
EQU Label [+n) or direct address (X'aaaa'), with the address defined by the TMSZ 5-7
END Label label, or with the address defined by the label TRBL 5-10,11
e END. The assembler branches to the ad- +n (n =0 to255). TRBS 5-8 '9
dress defined by the label (start micro- For EQU* the required label is equated with the !
program) and executes microinstructions. address presently in the address counter. ZAP 5-54,55,56,57




Mnemonic

— ]c! iLa = 5Ticéoins;u’%zoui]?l lll'é;[’” VARG L8l
i T Tow-ardo by o h 15 >—1lo
o e st e gh- L
bt axecution o
7. “Cye0 [ | | l
. | I |
%////////%/////////////////////////////% ijd [ [ W'Fe i [ v ] m 2 | B [ 14 |15 s [ v [ 8 [ 2 | B | 1 | w | v [ s [ 2 [ [ [ w [ v [ w8 [n
_______________ e
rsa.fL‘"
E_O_LF_.E.:
0 T ! F
To Reg (LSreg 1)
r'A_R—_—Il_ TAR -
L oo oo | s/

- |
ysinstr addr §

Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines.

Diagram 5-3. Load‘B&fe Intermediate (Part 1_of 2) . 41@’3708)
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Note: For "Do not care" functions
refer to timing chart below.

"Do not care" signals:
ACycle T3
Cycle EH]



T+' Write S AR S AR il |
No Name ALD A Cxcle 0 O . I . 1
T3 T4 T5 T6 17 8 T 7 [ 18 [ ™ 75 75 i T8
1 | Sense Trap Request Lines LA103
2 | LS New PL Zone Gate KASTT
3| LS Current PL Zone Gate —— ;r
4 | New/Current PL New/current PL's may differ
5 | CE Ls Select cc222
6
7 | Fixed X-Address LA412 7 7 7 7
8 | 'To Reg" Select LA402 ;—<;*
9 | *From Reg" Select A4l
10 | L5 to 5AR KB411
11| Ls to MAR
12 | LS 10 FOR KB401
13 | Ls 1o TOR
14 | MAR to LS LA702 e =
15 [ ALU (/O Bus) to LS KB412
16 | LS Write LA%02/313 H :
7
18 | Set Address Check RAS01
19 | Branch Go RA502
20 | Increment by 1 RA402
21 | Increment by 2 RA403
22 | Decrement by 1 RA4O1
23 | Decrement by 2 RA402
24 | Prevent Modifier Check KAS11
2
26 | Prevent Storage Use MA402
27 | sDRto Inh MA401 0-15 10 0-1
28 | SDR to Op Reg KB102
]
30 | SDR to TDR KB402
31 | Eight Shift Control RB162 (pundefineg 4 1 1 No <hift
32 | shiftby 20r 4 RB161
33 | No Shift RB162 0.15
34 | Test Packed Byte or Sign RA502
35 | Normalize Sign Active
3 | Suppress RI7 #
37
38 | ALU 1o FDR AA03
39 | Reset FDR/Retain FDRO-7 | AA303/KBA11
40 | Invert Switch Control RB301 True and invert 0-15 = /0000/
N
42 | ALU Control Gate AA0! OF
43 | Additional Carry AA%02
44 | six Correction 8-11/12-15
45 [ Set Carry Latch AAL02
46 | Set Condition Code Latches
47 [ ALU to Inh Mao1
48 [ ALU 1o SAR K411
49
50 | Data Switch to Op Reg KB402
51 | Op Reg to Address Bus KAS41
52 | 1/O Display Address Out
53 | Allow Strobe
54 | SENS Strobe/Control Strobe |BA102 (Display SENS strobe) H H
55 | Sense Reset/CTRL Strobe
56 | Prevent ALU and SU Check |BA103
57 [1/0 Bus to FDR
8
59
&0
81
62
63
&
&
66
67 | Set ALU Zero Latch ccizl
68 | Set Process Check cc122 LSA Any chk &
69 | Set LSA Check ccan \ | S—— H
70 | et Mod Check ccror ] |
71 | set SU Check ccioz | PN
72 | Set ALU Check . Any check
73 [ Set Bus Check {
74 | Set SAR Check ccior |
75 | Set Inh Check ] m Cyele 0 of next microinstruction
Function signals: ACycle Cycle @ "Do not care” signals: ACycle T3 Cycle @)

® Diagram 5-3. Load Byte Intermediate (Part 2 of 2)
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Mnemonic

Microinstruction Layout
ol v JoTalalslel7z]elolw]nlrli3lulis 18L
The immediate data byfe is Op Code To Reg Immediate Data

byte of the LS register specified

in the 'to reg' field of the ~
instruction. The low-order byte
gt [ £ i f [ 5 [ 5]

remains unchanged.
before execution

INST MNEM OPERANDS STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX Format
LS reg 1 9 B 0998 IBL 1,x19B! R1+='9B!/R1.8-15

after execution RI
right-hand byte remains unchanged

7 A Cycle0 I | [ | Note: Fo:: ".Do not care" functions
/////////////////////////////////////////////////////////////% Cycle 0 [ [ [ T refer to timing chart below.
////////////////////////////////////f Read Write "Do not care" signals:

15 6 [ 7 [ s [ n 2 [ B [ 4 [ w5 6w [ [ 8 [ n 7 [ [ u [T 6 [ v [[1B [ 2 [m | [ s [ v [ s [ n 2 [ s [ u | s 6 | w [ s [ n ACycle T

Cycle EH1
________________ e
r-S-D-R;—-
: -

5
4 5
ALY

A B
9
Invert sw m rw,
FDR
FF55
vy !
To Reg (LSreg 1) To Reg
F F.55 9 8B5S
7O 1 AR
I L._.I
lu-lnsfr oddr 1 ! N1
-------- |
I ]
| i
1 1
H
U S
:rMAR
:

f
1
)
! yoinstr addr _$
‘_Ui"Sf H

Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines.

I3 ’ ' . i 1
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Z - cRe:|de 5 I Write ] ' - T
No Name ALD y (ST
T3 T4 15 T6 17 T8 T T2 3 [ T4 5 T6 17 18 TT 12 T3 T4 15 T6 18 il T2 T4 15 T6 17 T 12 13 T4 15 T6 18 Tl 12
1 Sense Trap Request Lines LA103
2 | LS New PL Zone Gate KAsTI H
3 | LS Current PL Zone Gate ‘
4 | New/Corrent PL New/current PL's may differ
5 | CE LS Select ccz .
" r
7 | Fixed X-Address Lad12 Z 7 | —
8 | 'ToReg' Select LA402 —
9 | 'From Reg' Select LA41
10 [ LS to SAR KB411
11| 15 to MAR
12 | LS to FOR KB8401
13| 1S 1o TOR
14 | MAR to LS wonz | -:ﬁf -
15 | Set ALU (/O Bus) to LS
16 | LS Write LA302/313
7z
18 | Set Address Check RAS01
19 | Branch Go RAS502
20 1 by 1 RA402
21 | Increment by 2 RA403
22 | D by RA401 ’
23 | Decrement by 2 RA402
24 | Prevent Mod-SAR-Inh Check | KAS11 W
25
26 | Prevent Storage Use MA402
27 | SDR to Inh MA401 [SERFSH
28 | SDR to Op Reg KB102
29
30 | SDR to TOR KB402
31| Eight Shift Control RBI62 Sros it
| 32 | shiftby20r4 RBI61 [
33| No Shift RBI162 0-15
| 34 | Test Packed Byte or Sign | RAS02
35 | Normalize Sign Active
36 | Suppress RB171 8215
¥
38 | ALU to FDR AA303
| 39 | Reset FDR/Retain FDRO-7 | AA303/KBAII
40 | Invert Switch Control RB301 True 0-15, invert 0-7 = /00 true/
4 |
42| ALU Control Gate AA301 ot
43 | Additional Carry AA302
44 | Six Correction 8-11/12-15
45 | Set Carry Latch AMD2
46 | Set Condition Code Latches
47 | ALU 1o Inh MA40
48| ALU 1o SAR KB4l
49
50 | Data Switch to Op Reg KB402
51| Op Reg to Address Bus KAS41 —
52 | 1/O Display Address Out
53 | Allow Strobe
| 54 | SENS Strobe/Control Strobe | BA102 (Display SENS smbe)i H
55 | Sense Reset/CTRL Strobe
56 | Prevent ALU and SU Check | BA103
57 | 1/0 Bus ta FOR
58
| 59
60
61
&
63
64
| 65
66
| 67 | Set ALU Test Latch cciat
| 68 | Set Process Check cciz . e =
69 | Set LSA Check cca21
70 | Set Mod Check ccol
I | 71 | Set SU Check ccro2 ATS
72 | Set ALU Check Any check
73 | Set Bus Check
| 74 | Set SAR Check cciol
_M Set Inh Check Cycle 0 of next microinstruction
Function signals: ACycle Cycle NN “Do not care" signals: ACycle 3 Cycle B

® Diagram 5-4,

Insert Byte Left (Part 2 of 2)
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i 1 Mnemonic
: 1 : Microinstruction Layout
' ! | o o |1 23Tals5]el7 8o Twolnl2[s]ia]s ANDI
, ANDI | ORI | EORI Op Code To Reg Immediate Data
1
The immediate data byte is Instruction [ Operation | F .0 ] ! I ! o ANDI OR
ANDed, ORed, or exclusive | ' | 1 1 ORI |
ORed with the low-order byte i : I 2 0 EORI
in the 'to reg'. The result is H i |
set info the 'fo reg'. i i I EORI
LSreg 1 i : !
For ANDI the high-order before execution 1 H ! |
byte is set to zero. The high- . ! !
order byte remains unchanged ! vy | Yy | v
for ORI and EORI. : AND 1 Ol 1 OF INST MNEM OPERANDS STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX Format
I
: ¢ : ¢ : l 11F0 ANDI 1, X'FOY R1+=R1,A,'00F0*
¥ 19F0 ORI 1,xXFo! R1*=R1,OR,'00F0*
LSreg 1 oo T o) e o | F c JiLe 0 | s c ] 21F0  EORI 1,X'FO¢ R1+=R1,OF, 100F0! R
after execution [ ——— [ —— Type
| Cleared ! !
| tozero i |
! i |
:
' i Remains unchanged
ACycle 0 | | | I | [ Note: For "Do not care" functions
Cycle 0 [ [ refer to timing chart below.
Read Write
n 1 M
T 12 3 4 15 T6 7 [ 8 [ n 2 | B3 | 4 | 5 % [ 7 [ m 12 3 “ | T 6 [ v [ w8 [ 2 [ B [ 4 [ v | 7 [ 8 [ n 2 [ 1 [ u [ 6 | w B [ n Do not care" signals:
ACycle T3
CORE STORAGE ——= Read out and Cycle E]
regenerate micro-
. __ instruction — o e
H 7F
1
|
1
Y
TSR3
! :
H H
LR
1 9
20
ANDI
ORI
EORI (2 1)
TOR
11 FoO
1 1 F 0
sU swppress | 7% 1 1 1] AND
0O 0, F 0 or
oF
1
olcic
4 AlF |5
ALU AND >
[ox & |o]o]o
o|F|F
Invert sw
FDR
FoOAC
To Reg (LSreg 1) To Reg
AND
FoOoAC 00, A0
. . OR
f 1AR , FOFC
H
:
¢ NSt I3
L Fo5cC
- -
H )
i ;
[ i
Lyzinst oddr

Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines.

Diagram 5-5. AND-OR-Exclusive OR ln':mediafe (Par'f 10of 2) (03710) 2020 > 50,000 FEMDM Vol 2 (8/69)



Read | Write
No Name ALD - > Sl O : ' — I 1 L,
Z CTycle 0
T3 T4 75 T6 7 T8 T 7 ] 5 ] 1 5 76 7 78 T 2 15 I 75 76 il 7 i) 75 8 78 il 2 13 75 75 7 il 2
1 | Sense Trap Request Lines | LA103
2 | LS New PL Zone Gate KAs11 H
3 | LS Current PL Zone Gate P
4 | New/Current PL New,/current PL's may differ
5 | CELS Select cc
6
7 | Fixed X-Address LA412 z 7 z -
8 | 'ToReg' Select LA402
9 | *From Reg' Select LA4l
10 | 15 10 AR KB411
1 s to MaR
12 | L5 ro FDR KB401
13| L5 to TOR I
14 | MAR 1o LS 1A702-712 | g—— P
15 | Set ALU (1/O Bus) to LS
16 | LS write LA302/313 H :
17
18 | Set Address Check RASO0!
19 | Branch Go RAS02
20| by 1 RA402
21 | Increment by 2 RA403
22 | b by 1 RA40]
23| o by 2 RA402
24 | Prevent Mod-SAR-Inh Check | KA511
25
26 | Prevent Storage Use MA402
27 | SDR to Inh MA401 [BEETRE
28 | SDR to Op Reg KBI02
29
30 | SR to TOR KB4O2
| 31| Eight Shif Canrol RB162 e Indefined Noshis
32| Shiftby2.or 4 RB61
33| No shift RBI62 0-15
34 | Test Packed Byte or Sign | RAS02
35 | Normalize Sign Active
36 | Suppress RBIZI 4
¥
ALU 1o FOR AA303
| 39 | Reset FDR/Retain FDR0-7 | AA303/KB411
40 | Invert Switch Control RB301 True 0-15
4
42 | ALU Control Gate AA301 AN ORCF
43 | Additional Carry AA302
44 | Six Correction 8-11/12-15
45 | Set Carry Latch AAL02
46 | Set Condition Code Latches
47 | ALU to Inh MAd01
48| AL to SAR KB411
49
50 | Data Switch to Op Reg KB402
51| Op Reg to Address Bus KA541
52 | 1/O Display Address Out
53| Allow Strobe
| 54 | SENS Strobe/Control Strobe | BAIG2 (Display SENS strobe) H
55 | Sense Reset/CTRL Strobe
56 | Prevent ALU and SU Check | BA103
57| 1/0 Bus to FOR
58
| 59
60
61
62
8
&4
&5
8
&7 | Set ALU Test Latch cci2i
E St Process Ch (o122 LSA Any chk [SA
69 | Set LSA Check cc221
70 | Set Mod Check cciot
| | 71| Set SU Check cciz . » Tomm——
72 | Set ALU Check Any check
73 | Set Bus Check
74 | Set SAR Check cclol
J_ﬂ Set Inh Check m Cycle 0 of next microinstruction
Function signals: ACycle Cycle SIS “Do not care" signals: ACycle (T3 Cycle B
® Diagram 5-5. AND-OR-Exclusive OR Immediate (Part 2 of 2) (03710A) 2020 > 50,000 FEMDM Vol 2 (8/69)




Mnemonic

Microinstruction Layout

Instruction [Opergtion | 1 1 1 ] nstruction [Opefation] E | F | o 1] 2] 3]4]s5]e]7]8lofto]n]i2 ] ADDI

4 -
. Bhtir of the instruction is zero, 8 bl/f:f the instruction is one, ‘ Op Code | To Reg Immediate Data
The immediate data byte is therefore set to zero . therefore force ones into the 2 1
added to the halfword in the high-order byte
et The reslr i et o St [EETrrr] el Sregt

the 'to reg'. before execution v before execur.—l:on ) .
Add — 2

— o 0n 1l 2 2 2
For subtraction the immediate L— Add—p 2 2 2 U —
dota byte must be in two's i PR 2 2 1
b B | B
extended to a halfword by high- . Format
order ones. LSreg 1 . LSreg 1 (212 [ 1" 1] INST MNEM OPERANDS STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX
affer execution ofter execution 2911 ADDI  1,X'1D RI1«=R1400111
' No condition code is set ADDI  1,-1 R1+=RI1+FFFF! RI
No carry will be stored
Overflow condition is not indicated Type
b Note: For "Do not care" functions
:/4/////////////////////////% £ opclel I | I l refer to timing chart below.
é/////{///////////////////////////////////////////////////////// Gyele0 | [ | | 5 |
Read Write "Do not care" signals:
16 [ 7 [ 8 [ m 2 [ n [ [ 6 | 7 [ w [ n 2 [ s [ u [ s [ [ s [ n 2 [ B8 | 4 |t v | v [ s [ 2 | 18 | 4 | 15 w | v [ wm [ ACycle T
Cycle W]
CORE STORAGE —— Read out and
regenerate micro= )
instryction e e e (e e e e e e e e e e e -]
\
Add true = Add

Add complement = Subtract

Add complement (8-F)

Y
TDR
2 9,11

7 5 T Add frue
su Forced ——
Suppress if add e | 04 1 1 | |
6 T
If add compl |
> s
ALU | ADD ( >
2

Mmi=-

To Reg (LS reg 1) To Reg
2 2,2 2 2 2,3 3 For subtract, the result is in
two's complement when the
AR - - immediate data byte is greater
| 1R L.l 1AR than the value in 'to reg' (before op)
- ' Increased by 1 e
weinreddd Al if carry out of ewg. 4-5=-1
! low-order byte 4=0100
! -5 =1011
1 Add = ——
1
I

e —
: : +2
Lysinsteaddr | |

1
|
I
I
|
b MAR H
|
:
|
|

I

I SAR T
1 1
| u-instr addr |

Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines.

Diagram 5-6. Add Immediate (Part 1 of‘2) (0371’1) 2020 > 50,000 FEMDM Vol 2 (8/69)



reed T Wle | - = - = = = T
Ne Name SN Y, &t d :
3 T4 15 T6 7 T8 il L7 I T 75 T6 72 78 T 2 iE] i 75 75
1 | Sense Trap Request Lines LA103 H
2 | Ls New PL Zone Gate KAST!
4 | New/Current PL New/current PL's may differ
5 | CE LS Select cce
s
7 | Fixed X-Address LA412 7 A z z
8 | 'ToReg' Select LA402 p—
9 | 'From Reg’ Select LA41
10 | LS to SAR KB41
1 1L 1o MAR
12 | 1S 1o FOR KB40I
13 | LS to TOR I
14| MAR to LS LA702-712 | ¢ h:ﬁ =
15 | Set ALU (1/O Bus) 1o LS
16 | LS Write LA302/313 :
177
18 | Set Address Check RAS501
19 | Branch Go RAS02
20| 1 byl RA402
21 | Increment by 2 RA403 (A AR
|22 | o by | RA4O1
23| D by 2 RA402
| 24 | Prevent Mod-SAR-Inh Check | KAS11
25
26 | Prevent Storage Use MA402
27 | SDR to Inh MA401 [SERETIEH
| 28 | SDR to Op Reg KB102
29
30 | DR 1o TOR KB402
| 31| Eight Shift Control RB162 £ Undefined_1_ __ Dot ibiitg
32 | Shiftby2or 4 RBI61 i
33| No Shift RB162 - Note: Not 'no shift 0-7" and no shift by 2 or 4 forces
34 | Test Packed Byte or Sign | RAS02 the high order SU byte to all ones (/FF/)
35 | Normalize Sign Active | | |
56 | Suppress - 07 if the immediate data is positive; no suppress if negative
k4
‘|38 | AW to FOR AA303
| 39 | Reset FDR/Retain FDRO-7 | AA303/KB4I1
| 40 | Invert Switch Control RB301 Trye 0-15
4
42| ALU Control Gate AA301 SODER
43 | Additional Carry AA302
| 44 | Six Correction 8-11/12-15 -
45 | Set Carry Latch AA402
46 | Set Condition Code Latches
47| AW to Inh MA401
48 | ALU to SAR KB4l
4
50 | Data Switch to Op Reg KB402
51| Op Reg to Address Bus KA541
52 | 1/O Display Address Out
53 | Allow Strobe
| 54 | SENS Strobe/Control Strobe | BA102 ([;isplay SEhIJS strobe)
| 55 | Sense Reset/CTRL Strobe
56 | Prevent ALU and SU Check | BA103
57 { 1/0 Bus to FOR
| 59
60
8l
)
63
s
5
8
| 67 | Set ALU Test Latch cci2)
| 68 | Set Process Check can — i e
| 69 | Set LSA Check [o{ev¥]] | rzrrrrrs2077007000012 2707 R
70 | Set Mod Check cciol |
(71 | Ser 50 chock i [ 7o oI TByre posifive; 0-12 ¥ byte negarive
72 | Set ALU Check Any check :
73 | Set Bus Check
74 | Set SAR Check cciol ]
|75 | Set Inh Check Cycle 0 of next microinstruction
Function signals: ACycle Cycle HIE "Do not care" signals: ACycle 3 Cycle ST

® Diagram 5-6. Add Immediate (Part 2 of 2) (03711A) 2020 > 50,000 FEMDM Vol 2 (8/69)



7 n
AR m | Example 1: Unsuccessful TMSZ ! Example 2: Successful TMSZ Mnemonic
i ‘
address : i Microinstruction Layout ™SZ
of the TMSZ instruction Instruction . ol JolaTalsTelz]8loTwolnliz]13] s -
The immediate data byte is used i D I Op Code To Reg Immediate Data (Mask)
as amask. Turned on bits in the . ! 3 To T™SZ T™S
mask test the corresponding bits ' i T
i vearer by of e 1o St . 2 ' s
reg' for being off. LS reg remain | :
unchanged ! : T
The next sequential micro- Cleare: Cleared
instruction is skipped: to zero AND to zero AND
d
! \
1. 1f TMSZ, when all tested bits - . . ' Y —— ‘ !
- . 4 0 0 3 3 0 0 0 0
are off. IAR L 0o L ‘ 0 l l r j : L I J INST MNEM OPERANDS STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX Format
! Result is not zero. H Result is zero, i.e. all bits selected L
2. If TMS, when cny tested bit : Continue with NSI, H by the mask are zero. 313F TMSz  1,X'3F Skip if R1,A,003F"=0 RI
is on, L~ Address 0104. I~ Skip over the NSI, continue with INF TMS 1, X5 Skip if R1,4,'003F, NE, 0
1
! (Example not shown in the ;o oddress 0106, Type
I Flowchart) : ‘
' '
|
1 1
! i
7 2 Cycle 0 [ 2 Cyele 2 [ | ] Note: For "Do not care" functions
Cycle 0 Cycle 2 [ T T refer to timing chart below.
Reod Write " .
Do not care" signals:
n 2 3 T4 15 16 7 [ 8 [ n 2 | 13 | 4 [ n 2 v [ [ s [ 2 | 1w | @ |1 6« | v [ 1w [ m 7 | 1w | W | s | v | 1 | :
T
ACycle
Cycle W
CORE STORAGE —— Read out and
regenerate micro-
. msgfion
1 e e e ]

T
i
H
31,3 K] l
©
Op Reg
™Sz |3 1.3 F
™S )
TOR
313 F
(No action)
' No
o 3 E ALU test
su Suppress 27 ]
00 F L
ALU /003F/ = 0000 0000 0011 1111 AND — — (Not used)
AND

/35C0/ = 0011 0101 1100 0000
result = 0000 0000 0000 0000

Invert sw

FOR

35Co0
To Reg (LSreg1)
35.C0

TR AR

H

| usinstr_oddr NI

-1

No_ _(Not used)

R
1 SAR

4 .
L yzinstr oddr |

-
'
'
1
.

Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines.

@ Diagram 5=7. Test under Mask and Skip if Zero and Not Zero (Part 1 of 20 _{03712A) _ 2020 > 350,000 FEMRM Vol 2 ..(8/69)



T T e A I " —
No Name ALD e 24 T 1
13 T4 15 16 7 8 il 7 3 4 75 76 7 T8 il 2 | B | 1 75 76 7 78 T 2 K 4 75 8
1| Sense Trap Request Lines LA103
2 | LS New PL Zone Gate KAS11
3 | LS Current PL Zone Gate - ] __J
4 | New/Current PL New/current PL's may differ
5 | CELS Select cca2
s
7 | Fixed X-Address LAd12 2 2 Z - z
8 | 'ToReg' Select LA402 ﬁ
9 | 'From Reg' Select LA4I1
10 | LS to SAR KB411
11 | LS to MAR
12 | 1S to FDR KB40l
13 | LS to TOR F::———:r
14 | MAR to LS LA702-712 | ¢ h:ﬁi
15 | Set ALU (1/O Bus) to LS
16 | LS Write LA302/313 H | TMSZ = if ALU test latch on] . |
17 I TMS = if ALU test latch off (5°¢ signal no 67)
[ 18 | Set Address Check RASO1 et
19 | Branch Go RA502
20| & byl RA402
21 | Increment by 2 RA403 M /71111111174 T1S SIS III 115 VA VAT IIII 13 AL LTSI A1 LI AIIIIIY ),
22| D by 1 RA401
23 | Decrement by 2 RA402
| 24 | Prevent Mod-SAR-Inh Check | KA1  rzmmrrr—
25
26 | Prevent Storage Use MA402
27 | SDR to Inh MA401 0-15 to 0-15 0-15 to 0-15
28 | SDRto Op Reg KB102
29
30 | SDR to TDR KB402
31 | eight shir conv PR — Undefined Noshift 8 No shifr 8
| 32 | Shift by2or 4 RBIS
33 | No Shift RBI62
34 | Test Packed Byte or Sign [ RAS02
35 | Normalize Sign Active
36 | Suppress RBIZI o o
k74
38 | ALU to FDR AA303
| 39 | Reset FDR/Retain FDR 0-7 | AA303/KB411
| 40 | invert Switch Control RE301 True 0-15 True 0-15
a |
42 | ALY Control Gate AA301 e AND
43 | Additional Carry AA302
| 44 | Six Correction 8-11/12-15
45 | Set Carry Latch AAL02
46 | Set Condition Code Latches
47 | ALU to Inh MA401
48 | ALU 1o SAR KB411
49
50 | Data Switch to Op Reg KB402
51| Op Reg to Address Bus KAS41
| 52 | 1/O Display Address Out
53 | Allow Strobe
| 54 | SENS Strobe/Control Strobe | BA102 (Dis’TSENS shl'obe) H; i H
| 55 | Sense Reset/CTRL Strobe
Prevent ALU and SU Check | BA103
57| 1/O Bus 1o FDR
58
&0
8
62
&3
&4
&
| 67 | Set ALU Test Latch cci2
46 | Set Process Chock cam LSA Any chk TSA
| 69 | Set LSA Check cca WF
Set Mod Check [dali] \ If LS it
| 71 | Set SU Check ccl02 { _ AT8 ATS
Set ALU Check ‘Any check
73 | Set Bus Check
74 | Set SAR Check cciol @_‘ _ H
75 | Set Inh Check m | Cycle 0 of next microinstruction
rmim signals: ACycle Cycle SN "Do not care" signals: ACycle CJ Cycle BT

@ Diagram 5-7. Test under Mask and Skip if Zero and Not Zero (Part 2 of 2) (03712A) 2020 > 50,000 FEMDM Vol 2 (8/69)



Mnemonic

LS reg 1 Microinstruction Layout
remains unchanged T o[ [2[3JalsTel7 s ofwlnli2lw]4]1s TRBS
Op Code To Reg Immediate Data (Addr)
A branch address is combined with

Instructi 0
the current block address (high- netruetion perpio 4 I

order byte of 1AR) and an even
byte is read out by an intermediate
address (even byte = direct

addressing). The intermediate

address consists of the current IAR [8 ] o ]

_‘

o
~
[¢]
m

block address as the high-order
byte while the low-order byte is

obtained by exclusive ORing the [ No bit 15 = direct addressing

INST MNEM OPERANDS STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX Format
immediate data byte with the low= Generate inter-
order four-bit digit (hexadecimal) mediate address m E 2 41EE TRBS 1,LABEL BR TO IAR.0-7/BY(IAR.0-7/INST.8-11/X) ,X=INST.12-15, OE,R1. 12-15,
in the 'to reg'. The 'to reg" Used toread out | __ __ __ IF BY.15=1 BR INDIR. RI
remains unchanged. one byte from core storage
Type

oot [ [ 0o [a , a] —
branch address Addressing

(1AR and SAR)

Note: For "Do not care" functions

2.

A Cycle 0 1 A Cycle 1 | | I

¢%//////////////////////////// 7/ Crele 0 l Cyele 1 l | | refer to timing chart below.
.. - e e "D not care™ signals:
1 6 [7 [ s [ n 2 [ [ 4 [t w [ 7 [ 8 [ n 2 [ [ [ % | v [ s [ m 7 | B [ 4 [ w [ 7 [ s [ m 2 | 1B [ [ % | w [ w8 [ ACycle ==
. Cycle ]
CORE STORAGE — Read out and Read out and regenerate
regenerate micro- halfword addressed by
instruction the _intermediate addr e o e e e ]
———————————————— [ Wt e M - - - - - — — - — —
I i
| I
| I
E"SBR'L"‘, :"sBE't“'i
LA LE ] YA A 2]
4 14 E
Y
TOR
Not intern SU bit 15 = TRBS direct addressing
(End op cycle 1)
-
I
|
Ny Suppress | Suppress
|
|
|
I
| |
! Y
AW [ OF E - EL > :
l FDR8-11 to intem SU 4-;, ‘ ; ]
| for parity correction | u | n
PR Apiiaso i
|
I
|
: 8 0 0 ¢ | 8 010 0
Invert sw I [_trve T 0 Jiree | [ tve Tolo]
| 8 0, F C | 8 0, E C
! |
[ : |
| |
FDR PR | |
a=-" 1
8 0,02 |8 o0EC !
Y FEEEE | |
Retain :
To Reg (LSreg 1) II
3 1,E ¢ |
—_— | Y
Y 1 | 1AR
1 ! | 8 0, A Al Branch address
L8 040 2,
T 1 3
1 | I
: | |
l ! :
: : | Cycle if single microinstr sw on
I
| ! |
| ! |
| | |
Fot =] , T e
Lo 002! L8 0,E 2} (emedicte adde) g 0, A Al (banch oddr)
SARIS

Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines.

Diagram 5-8. Translate and Branch Short (Direct Addressing) (Part 1 of 2) (03713) 2020 > 50,000 FEMDM Vol 2 , (8/69)



Read I Write | Read P T Write | | K] [

No Neme ALD T NS 1 ACycleT L T
Cycle 0 Cycle 1
i 13 T4 15 16 7 8 hil 2 3 T4 5 i 7 8 il T | 1B | T4 5 6 7 8
1 | Sense Trap Request Lines LA103 J
2 | LS New PL Zone Gate KAS11
3 | LS Current PL Zone Gate. — ] ]
4 | New/Current PL_ New/current PL's may differ
5 | CELS Select C€C222
6
7 | Fixed X-Address LA412 % z v Z ] 1 E—— o —
8 | 'To Reg' Select LA402
9 | 'From Reg' Select LA4IN
10 | LS to SAR KB4l )
11 ] LS to MAR
12 | LS to FDR KB401 F —
13 | LS to TOR
14 | MAR to LS w2712 | ¢ - o
15 | Set ALU (1/O Bus) to LS
16 | LS Write LA302/313 :
17
18 | Set Address Check RAS501
1 19 | Branch Go RA502
20| I byl RA402
21 | increment by 2 RA403 ¢ h F h
22 | D byl RA401 ’
23| D by 2 RA402
24 | Prevent Mod-SAR-Inh Check | KAS11 P
25
26 | Prevent Storage Use MA402 .
27 | SDR to Inh MA401 Q1> o015 1500l
| 28 | SDR to Op Reg KB102
29
30 | SDR to TDR KB402
| 31| Eight Shift Control RB162 —Undefined | __|___ 4
g Shift by 2 or 4 RBI61
33 | No Shift RB162
34 | Test Packed Byte or Sign | RA502
35 | Normalize Sign Active
36 | Suppress RBIZ1 =2 o7
7
38 | ALU to FDR AA303
| 39 | Reset FDR/Retain FDR 0-7 | AA303/KB411 Retain EDR 0-7
| 40 | Invert Switch Control RB301 True 0-15, invert 8-11 = /true 0 true/ True 0-15, invert 8-15 = /true 00/
4
42 | ALU Control Gate AA301 OE OF
43 | Additional Carry_ AA302
| 44 | Six Correction 8-11/12-15
| 45 | Set Carry Latch AA402
46 | Set Condition Code Latches
47 | ALU to Inh MA401
48 | ALU to SAR KB411 VA (Cycle depending if Single Microi ion switch on)
49
50 | Data Switch to Op Reg KB402
51 | Op Reg to Address Bus KA541
| 52 | 1/O Display Address Out
53 | Allow Strobe
| 54| SENS Strobe/Control Strobe | BA102 (Displ SENS strobe)  — o
| 55 | Sense Reset/CTRL Strobe
| 56 | Prevent ALU and SU Check | BA103
57 | 1/O Bus to FDR
58
132
Al
62
63
64
65
66
| 67 | Set ALU Test Latch cazl .
| 68 | Set Process Check fary) S i wwﬂ ﬂ I
| 69 | Set LSA Check Ccc221 M_
70 | Set Mod Check cciol .
[ 71 SetSUCheck  |ccio o %
72 | Set ALU Check Any check
73 | Set Bus Check (
74 | Set SAR Check __{caon l ﬂ
75 | Set Inh Check m Cycle 0 of next microinstruction
F_u:-cﬁon signals: ACycle Cycle N "Do not care" signals: ACycle 3 Cycle BT

® Diagram 5-8, Translate and Branch Short (Direct Addressing) (Part 2 of 2) (03713A) 2020 > 50,000 FEMDM Vol 2 (8/69)




: Mnemonic
(Sreg | Microfnstruction Loyout
remains unchanged T ol i l2TsTalsTel 7] elolrolnli2]13]14]15] TRBS
Op Code To Reg Immediate Data (Addr)
This operation s similer to that - . o
described in Diagram 5-8, —
except that the resulting branch i |
address is used as o second |
intermediate address if the byte
read out by the first intermediate
cdrees is odd (bt 15 on). 1AR (e .ol o 2] Recd out branch addr
(halfword in 8020)
The second intermediate
address reads out a halfword —_— ! - i INS'T MNEM  OPiZRANDS STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX
used as branch address. Generate inter— Bit 15 = indirect oddr | 1 P—,
e ddres ! 41EE TRBS 1,LABEL BR TO IAR.0-7/BY(IAR.0-7/INST.§-11/X) ,: X=INST.12-15, OE, R1. 12-15,
Used o read out one - — —— — — — —— ! IF BY.15=1 BR INDIR. Rl
byte from core storage |
v Type
Second intermediate address 1 1 A IAR (and SAR) )LndddiIEC!
;
L Branch address essing
://,////////////////Z a Cyele 0 l s Cycle l 5 Oyle 2 l T
g///////,/////////////////W Cyele 0 [ Cycle 1 | Cycle 2 [ [
Y Read Wi Recd Wit Read Wit
m 2 13 T4 T5 T6 7 B [ T 7 | B | 4 | 15 w [ B [ N T2 EEENEE w [v [ s [ 2 [ s [ u [ % | v [ s n 2 | @ 4 | 15 v [ v [ ® [ n
CORE STORAGE ——= Read out and Read out and regenerate
regenerate micro- halfword addressed by Read out and regenerate
instruction first intermediate address . branch address o
Y - - - — — - — . . . T x = - — — - T — T T/ T - - - - — — — - — 7] —_——— e = T = = = — e e — — —
. I ! |
: i | i
] ; i
X ) Y__. I S
7SR 0 H H S i
: i — : —
h
LAILEES L2 LA LALLIAS
TOR
2 1A
No Yes
Intern SU bit 15 = TRBS indirect addressing
/ (prevents end op cycle 1)
A A 2
su Suppress Suppress
0 0 2
2 A
3 A 1
ALU R oF >
- | 1
| FDR8-11 to intern SU 4-7 | 0 | P
| for parity correction H !
L ; 8 | A
r 1
H 1
1 !
: |
i H
;
Invert sw 1| :
! ;
| !
! :
H I
L I
_______________ 1 I
1 i
!
. FDR FDR '
oL i
800 2 s ole ¢ ;
U !
i
Retain “
|
i
|
To Reg (LSregD) |
31 EC :
:
Tiar T H i 1AR
: — ;
18 0.0 2} : A1 1 A
E e i t
. H |
: : |
i ;
i ]
i : !
: |
: |
| |
|
’ i
: 1
! I
} |
! | Cycle if single microinstr sw on
PR A, —-a PR S
1 SAR H (First intermediate addr) : (Second intermedicte addr) I SAR H (Branch addr)
i ' H i '
Le0.£ 2} 213 LA_LIA]
SARI15 SARIS
Functions performed during cycle fime are shown by full lines and functions performed during 3 cycle fime are shown by dotted lines.
Diagram 5-9. Translate and Branch Short/(Indirect Addressing) (Part 1 of 2) (03714) 2020 > 50,000 FEMDM Vol 2 > (8/69)

Note: For "Do not care" functions
refer to timing chart below.

"Do not care" signals:
ACycle T3
Cycle EN]



Read | Write 1 » Read N 1 Write | Read | ‘ Write & | |
ACycle 0 1 ACycle T L ACycle 2 | I
No Name ALD Cycle 0 Cycle 1 Cycle 2
T3 T4 5 i3 7 8 Tl 2 T3 T4 5 6 7 8 il T2 K] T4 5 6 7 8 T T | w® | 1 T5 6 7 8 i) 2 73 T4 T5

1 | Sense Trop Request Lines | LA103 H

2 | LS New PL Zone Gate KAS11 | F

3 | LS Current PL Zone Gate —] 4 i | { ]| ,

4 | New/Current PL New/current PL's may differ

5 CE LS Select CC222

6

7 | Fixed X-Address LA412 7 Z - Z ! ! - -

8 | 'ToReg' Select LA402

9 | 'From Reg" Select LA4N

10 | LS to SAR KB411 VA

11 1 LS to MAR

12 | LS toFOR KB40}

13 | LS to TOR

14 [ MAR 1o LS LA702-712 | ¢— h - I

15 | Set ALU (/O Bus) to LS

16 | LS Write LA302/313

17

18 | Set Address Check RAS01

19 | Branch Go RAS502

20} | byl RA402

21 | Increment by 2 RA403 — k h h h

22 | D byl RA401

23 | D by?2 RA402

24 | Prevent Mod-SAR-Inh Check | KAS11

25 i

26 | Prevent Storage Use MA402

27 | SDR to Ink MA401 0-15 100-15 0-15 10 0-15 0-15 10 0-15

28 | SDR to Op Reg KB102

29

30 | SDR to TOR KB402
| 31| Eight shirt Contrl RBl62 Undefined ™ | No shift 8 (TDR 8-15 to SU 8-15 only) No shift 8 if SAR 15, cross shift if no SAR 15 No shift 8 (SAR 15)
| 32 | Shiftby2or 4 RBI6] 0-15 0-15 0-15

33 | No Shift RB162 %
| 34 | Test Packed Byte or Sign RAS502

35 | Normalize Sign Active _ [ |

0-7 0-7

36 | Suppress RBI71

37

38 | ALU to FDR AA303
| 39 | Reset FDR/Retain FDRO-7 | AAZ03/KB4I1 e

40 | invert Switch Control RB301 True 0-15, invert 8-11 = /true 0 true/ True 0-15, invert 8-15 = /true 00/ True 0-15, invert 0-15 = /0000/
41

42 | ALU Control Gote AA301 i OE OE OF

43 | Additional Carry AA302

44 | Six Correction 8-11/12-15

45 | Set Carry Latch AA402

46 | Set Condition Code Lotches

47 | ALU to Inh MA40!

48 | ALU to SAR KB411 pzzzzzAd . 77727

49

50 | Doto Switch to Op Reg KB402

51| Op Reg to Address Bus KAS41 —

52 | 1/O Display Address Out ‘ ﬁ *
Allow Strobe

f
| 54 | SENS Strobe/Control Strobe | BAI02 (Disp! SENS strobe) [l — —

Sense Reset/CTRL Strobe

1/Q Bus to FDR

53
54
55
| 56 | Prevent ALU and SU Check | BA103
57
58
| 59
60

61

&

63 -

&

66

| 67 | Sat ALU Test Latch cci21

| 68 | Set Process Check cc1z L Sk | DY Any ck TSA/Mod An*chk | s
| 69 | Set LSA Check cca21 T, | m’ W H___————H

70 | Set Mod Check cciol - e

| 71| Set SU Check ccio

Set ALU Check Any check

73 | Set Bus Check

74 | Set SAR Check cciol
75 | Set inh Check | ﬂ Cycle 0 of next microinstruction

Function signals: ACycle Cycle SN "Do not care” signals: ACycle 3 Cycle BT

® Diagram 5-9. Translate and Branch Short (Indirect Addressing) (Part 2 of 2) (03714A) 2020 > 50,000 FEMDM Vol 2 (8/69)



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines.

Diagram 5-10. Translate and Branch Loné (Direct Ad&ressing) (Part 1 of 2)

(03715A)

2020 > 50,000 FEMDM Vol 2*  (8/69)

LSreg 1 Microinstruction Layout Hoenonic
remains l of 1 [2lafa]s[6l7]8] s [w]nlz]a]uls TRBL
A branch address is combined Op Code To Reg Immediate Data (Addr)
with the current block address Instruction| Operaion | 8 . £ ] 4 [
and an even byte read out by an
intermediate address (even byte=
direct addressing).
The intermediate address
consists of the immediate data address 3 £ No bit 15 = direct addressing
byte as block address and the :
ITohv;-'t:;d:;glgy:m:fi r:?elm:;;::’h. " S - e —— INST MNEM OPERANDS STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX Format
m“ n 49BE TRBL 1,B(LABEL) BR TO IAR.0-7/BY(INST.8-15/R1.8-15), IF BY.15=1 BR INDIR.
RI
Result: A Type
branchaddress | 8 . 0 | A . A Diens
(IAR and SAR) Ald,:rcessing
T T 5 Cpele 0 l aCycle ] | [
g////////{////////////////////////////////////////////////////// Cyeleo Crele 1 [ I I
D 0] Read i Resd e
12 13 T4 v« |7 | w8 | n 2 [ B | v [ 1 w [ 7 [ 1 [ n 2 [ B [ 4 |5 6 | vw [ 1w [ n 7 | B [ 4 [ % | 7 [ 1w [ n 2 [ s [ [ 15 s [ w [ 8 [n
CORE STORAGE —— Read out and Read out and regenerate
regenerate micro- halfword addressed by
- o e — — __ fmstreetin . __ ___ _linfermediate address [, [ e
Y ] - - - - - "——-—"=-"—""7”7¥"" " -/ - - " T T T T T T T T T T = = — = —
|
|
¥
T S
LA_&._‘..Z
y
TOR
4 9,8 E
> Not intern SU bit 15 = TRBL direct addressing
\\ (End op cycle 1)
T 2 A{A
NY Ehi‘m Suppress Suppress
B E 0 0 [ ‘
- B
L] B et
ALY OE —- O »
T T,
H |
| 8
|
0_0 3 F | 8 0 0 0
Invert sw [0 0] Tue | l | [ Trve TOTo0]
8 0 3 E | 8 0 3 E
|
|
|
FDR FDR l
8 0,02) T[eolsce |
A |
Retain I
|
To Reg (LS reg 1) {
B C,3E i
rIAR_ A l A%
ls o r_p_z_i l 20,44
| | |
| | |
l | i
| | |
| | |
| | |
| | |
| ! 3
} l | Cycle if single microinstr sw on
_y__ . ¥y __
l'smzj ] ['SAR! 1 i—s k]
8 0,02] LB_E_&_EJI (Intermediate addr) L8 0,A_Al (Branch addr)
B s/:’r;s

Note: For "Do not care" functions
refer to timing chart below.

"Do not care" signals:
ACycle [
Cycle HEH]



7 I Wi ; T " esd T e i — *
Ne Nome AL et Al . —
% % ycle Cycle 1
T3 T4 5 6 id 8 T 2 T T4 5 6 7 i) il ] [ 14 15 T8 ird 8 T 2 3 4 0
1 | Sense Trap Request Linas. LA103
2 | LS New PL Zone Gate KAS11 F
3 | LS Current PL Zone Gate ¢ — { | — —|
4 | New/Current PL ° New/current PL's may differ 5 -
5 | CE LS Select cc222
6
7 | Fixed X-Address LA4I2 7 z - ! ! 1 i Z
8 | 'ToReg' Select LA402
9 | *From Reg" Select LA4IY
10 | 1S to SAR KB411
111 LS to MAR
12 | LS to FDR KB401
13 | LS to TOR |
14 | MAR to LS LA702-712 | = [ -
15 | Set ALU (1/O Bus) to LS ’ =
16 | LS Write LA302/313
17
| 18 | Set Address Check RA501
19 | Branch Go RASG2 Im*
2014 byl RA402
2 | Increment by 2 _ RA403 ~ r, # * :h%
22 | D by 1 RA401
23 | D by 2 RA402
24 | Prevent Mod-SAR-Inh Check | KAS11 W
25
26 | Prevent Storage Use MA402
27 | SOR 10 Inh AL 0-15 to 015 0-15 1o 0-15
| 28 | SDR to Op Reg KB102
29
30 | SDR to TDR KB402
Cross shift No shift 8 if SAR 15; cross shift if no SAR 15
31 | Eight Shift Control RBI62 —
| 32 | Shiftby2or 4 RBIS1
33 ] No shift RB162 0-15 0-15
34 | Test Packed Byte or Sign RA502
35 | Normalize Sign Active I |
36 | Suppress RBI71 kel e
¥
38 | ALU to FDR AA303
| 39 | Reset FDR/Retain FDORO-7 | AA303/KBAII R
| 40 | tnvert Switch Control RB301 True 0-15, invert 0-7 = /00 true/ True 0-15, invert 815 = /true 00/
4
42 | ALU Control Gate AA301 OF OF
43 | Additional Carry AA302
| 44 | Six Comrection 8-11/12-15
45 | Set Corry Latch AA402
46 | Set Condition Code Latches
47 | ALU to Inh MA40L
48 | ALU to SAR K841l
49
50 | Data Switch to Op Reg KB402
51| Op Reg to Address Bus KAS41 —
| 52 | 1/O Display Address Out
53 Allow Strobe
| 54 | SENS Steobe/Control Strobe | AT02 (Displ SENS strobe) | [I— o—
| 55 | Sense Reset/CTRL Strobe
56 | Prevent ALU ond SU Check | BAI03
57 | 1/O Bus to FDR
58
| 59
&0
8l
62
63
84
&5
66
67 | Set ALU Test Latch cci21
P LSA Any chk [SA/Mod Any chk TISA
| 68 | Set Process Check cci22 I
69 | Set LSA Check cc2 ]@
Set Mod Check cciol
| 71 | Set SU Check cclo2 %
72| Set ALU Check Any check
73 | Set Bus Check [
74] setsARCheck  |cclol ]
E Set Inh Chock ] Cyele 0 of the next microinstruction
Function signals: ACycle Cycle SN "Do not care" signals: ACycle T3 Cycle M

® Diagram 5-10. Translate and Branch Long (Direct Addressing) (Part 2 of 2) (03715A) 2020 > 50,000 FEMDM Vol 2 (8/69)



Y
LS reg 1 m Microinstruction Layout —
remains unchanged s — of v J23[a]s5]el7]8]9olnli2]w[14]1s TRBL

: - Op Code To Reg Immediate Data (Addr)
This operation is similar fo that Instruction | Opgation [ 5 | € | 4 |
described in Diagram 5-10, part 1,
except that the resulting branch
address is used as second intermediate \
address if the byte read out by the first Generate intermediate m 3 E
intermediate address is odd (bit 15 on). address
i Bit 15 = indirect addr
The second intermediate address | Read out b'runch address
reads out a halfword used as branch halfword in 8020
oddres. iaw Lo e RUSHITTN RN Fornat
INST MNEM ' OPERANDS STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX
: 49BE TRBL 1,B(LABEL) BR TO IAR.0.7/BY(INST.8-15/R1.8-15), If BY.15=1 BR INDIR. .
| y
Second intermediate P T | T T . Type
oddress L0 2 1 —I i L . Bra]nch od erss . Roselt zﬁ;c:n:d;:;{ Indirect
L ] Addressing

T T 4 Cyele 0 I 4Cpele | 5 Cpele2 | |

é////////////////////////////////////////////////////l///////// Cycleo | Cyele 1 l Cyele 2 I [

000 Reod wite Read wite Read ite

2 13 6 [ v [ 18 | n 2 [ B | 4 |5 v | 7 [ 18 [ n I [T |5 % [ 7 [ s |n 7 | B | S 6 | v [ s n | [ 14 15 6 | 7w [ ®m [ n

CORE STORAGE ——» Read out and Read out and regenerate

regenerate micro- halfword addressed by Read out and regenerate
| R e ___ _instruction _ _ - e first intermediate addres: branchaddress o
_____ [ k- - = I__———"_—"_"__—__l____ls - - - - T T T T---- == -
I I i
| ! |
e M~ rart
| | I
RN L2_1,A A LA 20_A
Op Reg
49,8 E
A y
TOR DR
49,8 E A1,1 A
lbl @ Yes
N
Intern SU bit 15 = TRBL indirect addressing
>\ //(Provenf end op cycle 1) vl >
- .
5 £ 7 A A 7 A 1 1 A
su L1 7 | sovvres Suppress ﬁ CT TIT
B E 0 0 0 0 2 A 1 1 A
3 A
A 4 3 A 1
ALU O - O == —-7 I OF »>
E | | b 1
| - I
B | ! A
| L |
0 0 3 | 50 0 0 I 0 0 0 ©
] B |
8 0 3 ¢ | 0
A : |
1 |
| |
FDR FDR | |
8 0,02 | |8 oisce ! I
y B l I
Reétain ! |
! I
To Reg } :
B C,3 E { I |
lr—lA T ; | IAR
180,02 } ' A1, 1 A
1 | | |
| ' | |
| | [ :
| |
| | : |
| ! | |
I ! | I
I { | I
_i i * 1' Cycle if single microinstr sw on
Faag —° 7 TSAR 7 (First intermediate addr) TSAR 1 (Second intermediate addr) Csak ~ 71 (Branch address)
1 | ! ! ! ! ] |
L8290 2] Lo g3} Le 0.2 1] La 10 A]
SARIS SARIS
Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines.
Diagram 5-11. Translate and Branch Lony (Indirect Addressing) (Part 1 of 2) (03716A) 2020 > 50,000 FEMDM Vols2  (8/69) ¢

Note: For "Do not care" functions
refer to timing chart below.

"Do not care" signals:
ACycle T
Cycle ]



Ne Name ALD A}ﬁ% 2 : lil'e - -A'Rfe;:b 1 v — W"L'i — Y ije:fe 2 T wf e 1 I | I
Cycle 0 Cycle 1 Tycle 2
T3 T4 5 16 7 8 il T2 T3 4 5 16 7 T8 Ll ™ &) i T T8 7 i) T T2 & T4 T5 8 il 2 73 i) 75 76 T
1 _| Sense Trap Request Lines LA103 :
2 | LS New PL Zone Gate KAS11
3 | LS Current PL Zone Gate —— | :.F s —]
4 | New/Current PL New/current PL's may differ
5 | CELS Select cca22
6
| 7 | Fixed X-Address LAd12 2 z Z Z ! 1 #
8 | 'ToReg' Select LA
9 | 'From Reg' Select LA4I1
10 | LS to SAR K411
11 LS to MAR
1 to FDR KB401
13 ] LS to TDR I
14 | MAR 1o LS LA702-712 | ¢ o -  E—
15 | Set ALU (I/O Bus) to LS B —
16 | LS Write LA302/313
17
| 18 | Set Address Check RAS501
19 | Branch Go RA502
1 20 { I byl RA.
21 | Increment by 2 RA403 Ly L «Lf h
{22 | D by 1 1
23 | D by 2 RA402
| 24 | Prevent Mod-5ARkinh Check | KASII
25
26 | Prevent Storage Use MA402
0-15 to 0-15 0-15 10 0-15 0-15 to 0-15
27 | SDR to Inh MAJ01
| 28 | SDRto Op Reg KB102
2
SDR to TDR KB402
a1 | cight shin Conwel e Cross shift - No shift 8 if SAR 15, cross shift if no SAR 15 No shift 8 (SAR 15)
132 | Shiftby2or 4 RBI6)
0-15 0-15 0-15
33 | No Shift RBI62
34 | Test Packed Byte or Sign RA502
35 | Normalize Sign Active [
8-15 0-7
36 | Suppress RBIZ1
k74
| 38 | ALU to FDR AA303
| 39 | Reset FDR/Retain FDR 0-7 | AA303/KB4I1 Retcin FOR S
| 40 | tnvert Switch Control RB301 True 0=15, invert 0-7 = /00 true/ True 0-15, invert 8-15 = /true 00/ True 0-15, invert 0-15 = /0000/
4 ;
42 | ALU Control Gate AA301 OE OF [o)
43 | Additional Carry AA302
| 44| Six Carrection 8-11/12-15
| 45 | Set Lotch AAO2
46 | Set Condition Code Latches
47 | AU to Inh MA401
48 | ALU to SAR K841l Yz
4
50 | Dota Switch to Op Reg KB402
51 | Op Reg to Address Bus KAS41 —
52 | 1/O Disploy Address Out *
| 53 | Allow Strobe
| 54 | SENS Strobe/Control Steobe | BAIO2 Displ SENS strobe) |y S— i — —
| 55 | Sense Reset/CTRL Strobe
| 56 | Prevent ALU and SU Check | BA103
57 | 1/0 Bus to FDR
58
| 59
60
8
| 62
63
&4
65
66
| 67 | Set ALU Test Latch cci2l
[ 6 | Sot Process Check . TSA Any chk [SA/Mod Any chk [SA/Mod Any chk LSA
| 69 | Set LSA Check cc221 e B m i
| 70 | Set Mod Check cclol I _ |
| 71 | Sot 5U Check ccl [ 97 S5 B
[ 72 | set ALU Check Any check
73 | Set Bus Check \
74 | Set SAR Check ccion | F%ﬁ
175 | Set Inh Check & Cycle 0 of next microinstruction
Function signals: ACycle Cycle B "Do not care" signals: ACycle 3 Cycle @2
® Diagram 5-11. Translate and Branch Long (Indirect Addressing) (Part 2 of 2) (03716A) 2020 > 50,000 FEMDM Vol 2 (8/69)




Mnemonic

Csar™ — 7

L8 01A A

Instruction [ opefation | A& | A |
Microinstruction Layout LH
S . o1 T23T4sel 78l o] nT2]1s]i4]is
A halfword, read out by an address Op Code To Reg Displacement Addr
comprising a combination of the T T |
current block address and the 1AR [ 1 o[ o1l 2] 5 0 i [o
displacement address (low-order byte),
is loaded into''to reg'. - Indicates Direct addressing
No loading is performed if 'to reg’ l
= ister 7 (IAR). T
LS register 7 Generate halfwordaddress | 8 | 0 | A , A |
t
: . L . INST MNEM OPERANDS STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX Format
LS reg 1 [ vo,2 [ 3 4 lReudW‘*"l A 8 [ C D]Remainsunchcnged 51AA 1, LABEL R1#=HW(IAR.0-7/INST.8-14) '
before execution halfword to be RD
loaded
Type
T ! T Direct
LSreg 1 [a T s c 1 o | Addressing
after execution
ACycle 0 [ ACycle 2 [
Cycle 0 [ Cycle 2 [ [ [
Write Read
T 2 [ [ [ 6 | 7 [ s [m 7 [ |1 6 [ v [ s [ n 7 [ B T | 15 v [ w [ n 2| [ T s w [ w [ s [0
CORE STORAGE —— Read out and Read out and regenerate
. regenerate micro- halfword to be loaded
instruction info 'fo reg'
—_ - — = = e —_ = — — = = _—— = — e —
‘ 1
|
ot
| sDR
1
LA_BIC Dy
TOR
A B CD
Not op reg bit 15 = direct addr
1
51 A A A B C D
T
su swpress | 200 111 LI 11T
0 0 A A A B C D
r
ALY | O OF <
- T
o] | 1 8
L¢] ‘ A
|
|
8 0 0 0 | 0 0 0 0
Toverr s [Twe T0 0] |
8 0 0 2 |
I
I
FOR |
8 00 2 :
|
| r
I To Reg (LSreg 1)
| ABIC D
'_IAR -I‘; IAR (NSI) ‘
L8 °_+Q_ 2_; T 8 040 4 ‘
I
I
|
|
I
I

Functions performed during cycle time are shown by full lines and functions performed during A cycle fime are shown by dotted lines.

3

-

A Noorom FR Load@™Rword (P It Addrff™i) Porid™R2)  4™K17) 4020 > ™R0 FEM@FWol 2 %)

Note: For "Do not care" functions
refer to timing chart below.

"Do not care" signals:
ACycle 1
Cycle W]



Read I Write | Read T —Wnre T
Tycle 0 1
No Name ALD 7 s < ACyclez = —
7 Cycle 0 Cycle 2
13 T4 15 T6 7 8 Tl 12 T3 T4 5 T6 17 18 bl T2 [ 1 [ T4 15 T6 7 18 Al T2 13 T4 15
1 | Sense Trap Request Lines LA103
2 | LS New PL Zone Gate KAS11
3 | LS Current PL Zone Gate 4_% _r =
4 | New/Current PL New,/current PL's may differ 1
5 | CELS Select cc222
6
7_| Fixed X-Address LA412 i - -
8 | 'ToReg' Select LA40? L
9 | 'From Reg' Select LA41Y
10 | LS to SAR KB411
1| LS to MAR
12 | LS to FDR KB401
13 | LS to TOR

14 | MAR to LS LA702-712 | ¢ o -
15 | Set ALU (/O Bus) to LS | —

16 | LS Write LA302/313 H

17
18 | Set Address Check RA501
19 | Branch Go RA502
20 {1 byl RA402
21 | Increment by 2 RA403 —h;
22 | D t by 1 RA401 r
23 | De by 2 RA402
24 | Prevent Mod-SAR-Inh Check | KASI1 W
25
26 | Prevent Storage Use MA402 0415 fo 0-15 015 1 015
27 | SDR to Inh MA401
| 28 | SDR to Op Reg KBI02
29
30 | SDR to TDR KB402 X
31| Eight Shift Control RB162 O S s I | —
| 32 | Shift by 2 or 4 RBIS!
33 | No Shift RB162 015 0-15
34 | Test Packed Byte or Sign RAS502
35 | Normalize Sign Active
36 | Suppress RBIZ1 ik
37
38 | ALU to FDR AA303
| 39 | Reset FDR/Retain FOR0-7 | AA303/KB411
40 | Invert Switch Control RB301 True 0-15, invert 8-15 = /true 00/ True 0-15, invert 0-15 = /0000/
41
42 | ALU Control Gate AA301 OE OF
43 | Additional Carry AA302
| 44 | Six Correction 8-11/12-15
45 | Set Carry Latch AA402
46 | Set Condition Code Latches
47 | ALU to Inh MA401
48 | ALU to SAR KB411
49
50 | Data Switch to Op Reg KB402
51| Op Reg to Address Bus KAS541 '(——

52 | 1/O Display Address Out ;
53 | Allow Strobe |

!
54 | SENS Strobe/Control Strobe | BA102 (Displ SENS srrobe)H —

55 | Sense Reset/CTRL Strobe

56 | Prevent ALU and SU Check | BA103

57 | 1/0 Bus to FDR

58
| 59
60
8l
62
63
64
65
6
67 | Set ALU Test Latch cci2i
| 68 | Set Process Check cCl22 LSA Any chi r LSA/Mod Any chk TSA
69 | Set LSA Check cca
70 | Set Med Check ccion
| 71| et SU Check ccio S ATS
72 | Set ALU Check Any check
73 | Set Bus Check
74| Set SAR Check cciol i W
L75 | Set Inh Check Cycle 0 of next microinstruction
Function signals: ACycle Cycle SN “Do not care" signals: ACycle [ Cycle 8T

Diagram 5-12. Load Halfword (Direct Addressing) (Part 2 of 2) 03717A) 2020 > 50,000 FEMDM Vol 2 (8/69)



Mnemonic
—— iersimscrion oyt
e of1J2]3[a 56 78] 0]uliz]m 45 LH
5 "
A halfword is read out and loaded 5p Code I To Reg Displacement Addr
into the 'to reg" (not if 'to reg' = 0 |
: 1AR r}
LS register 7, 1AR). Indicates indirect addressing
I
The halfword address was
previously read out by an address H Bit 15 is not used for core
comprising a combination of the Genem'e'holfword address 8 0 | A B | storage addressi
current block address and the and store in SAR 1 Contains address of the core storage
displacement address (low-order LS reg 1 Lo 0 T T T 2 4] postionwhich is 1o be londed infa
byte). before execufion Read out T specified register
ad:res&ed halsf)::rd ! INST MNEM OPERANDS STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX Format
s
and store in i._- ‘ 51AB LH 1, LABEL,I R1*=HW(HW(IAR. 0-7/INST. 8-14))
Read out A 8 < 2| Remains unchanged RD
halfword tobe loaded | T
ype
Indirect
LSreg 1 A
affer execution . Addressing
I T Note: For "Do not care" functions
i l 2Grte ] bl I refer to timing chart below.
Cycle 0 L Cycle 1 [ Cycle 2 [ L
Read Write Read Write Read Write "Do not care" signals:
n T2 13 T4 5 6 | v | T PN s | 7 [ 18 | n 7 | B | 4 [ v | 7 [ 8 | n CEEEEE v | v [ [ n EHENENES w [ v [ ® [ ACycle T3
Cycle EE]
CORE STORAGE —— Read out and Read out and regenerate
regenerate micro- address of the halfword to Read out and regenerate
instruction . be loaded e __ __ _ __ halfword to be loaded o |
- - - — - — — — = = — % — — — — —_— e e B Sl . V' - e i e —
I i :
1
i ’, 1
i ' ;
_v_
TOR DR
3 01,2 4 AB.CD
Op reg bit 15 = indirect addr
o 1 2 4 A B C D .
su Suppress CTTIITD CIT 111
PP 0 1 2 4 A B C D
B 4 D
y A y 2 c
ALY OF |—p—t oo - OF b—w—f----————- . OF
A 0 1 Y 1 ' A 8
1 1
! 1
8 ! 0 ' A
! |
i 1
I '
1 H 0 0 0 0
8 0 0 0 M 0 0 0 o !
8§ 0 0 2 i '
'
' i
i
1 |
! !
I 1
I i
FDR H i
! 1
1
8 0,0 2 i i
| i
i i
1 !
i i
: | I
i i To Reg (LS reg 1)
i
1
! | AB CD
1l I R
'
' l
1AR i i
T 1 1
i 8 0,0 4 i i
i ! I
i ! '
i | 1
: ) 1
i !
Y.__ ; '
[ ! i
+ !
! ! 1
1 i
! 1
!
| i
X X,
I saR : T SAR i
i H !
L8.0.A 8} Lo 2.4

Functions performed during cycle time are shown by full lines and functions performed during A cycle fime are shown by dotted lines.

(‘ogrom ﬂ Loc“word “cf Ad“g) (P“f 2) ,(‘3718/\)’" 2020“000 FN Vol n/w)



Read { Write 1 Read Write 1 Read Write ] |
o Nome A . A Cycle 0 — «  ACyclel C — . 5Cycle 2 < | I — | -
13 T4 5 16 7 T8 Ll 2 13 T4 75 i) 7 o) Tl T2 I8 T4 5 6 7 T8 T T2 | w | 1 T5 T6 7 8 il 2 3 T 15 6 T 2
1 | Sense Trap Request Lines LA103 H
2 | LS New PL Zone Gate KAS1
3 | LS Current PL Zone Gote ___] _| { N IF
4 4| New/Current PL New/current PL's may differ
5 | CELS Select cc222
6
7_| Fixed X-Address LA412 W7 7 ‘% ! !
8 | 'ToReg' Select LA402  —
9 | 'From Reg' Select LA41L
10 | LS to SAR KB411
111 LS to MAR
12 | LS 1o FDR KB401 ﬁ
13 | LS to TOR
14 | MAR to LS LA702-712 | & h—_—H = |-
15 | Set ALU (1/O Bus) to LS
16 | LS Write LA302/313
17
18 | Set Address Check RAS01
19 | Branch Go RAS502
20 1 by 1 RA402
21 | Increment by 2 RA403 P27 A ir; r
| 22 | D byl RA401
23 | Decrement by 2 RA402
24 | Prevent Mod-SAR-Inh Check | KAS11 W
25
26 | Prevent Storage Use MA402
0-15 to 0-15 0-15 to 0-15 0-15 to 0-15
27 | SDR to Inh MA401
28 | SDR to Op Reg KB102
29
30 | SDR to TDR KB402
Undefined No shift 8 No shift 8 No shift 8
31 | Eight Shift Control RBI62 —+— —— —
|24
32 | Shiftby2ord RBI61
1 0-15 0-15 0-15
33 | No Shift RBI62
34 | Test Packed Byte or Sign RA502
B lize Sign Active
36 | Suppress RBIZ1 i
7
38 | ALU to FDR AA303
| 39 | Reset FDR/Retain FDR 0-7 | AA303/KB411
| 40 | tnvert Switch Control RB301 True 0-15, invert 8-15 = /true 00/ True 0-15, invert 0-15 = /0000/ True 0-15, invert 0-15= /0000/
4
42 | ALU Control Gate AA301 OF OE OE
43 | Additional Carry AA302
44 | Six Correction 8-11/12-15
45 | Set Carry Latch AA402
46 | Set Condition Code Latches
47 | ALU to Inh MA401
48 | ALU to SAR KB411 S—
49
50 | Dota Switch to Op Reg KB402
51| Op Reg to Address Bus KA541 —
52 | 1/O Display Address Out
53 | Allow Strobe |
| 54| SENS Strobe/Control Strobe | BA102 (Displ SENS strobe) H; H H
| 55 | Sense Reset/CTRL Strobe
56 | Prevent ALU and SU Check | BA103
57 | 1/O Bus to FDR
58
9
Al
62
63
64
| 65
66
| 67 | Set ALU Test Latch cciai . s—
| 68 | Set Process Check cc122 LA Ay chk LSA/Mod Any chk LSA/Mod A“#d‘k— LSA
69 | Set LSA Check cc221 B 77z S @ <H
70 | Set Mod Check can | | |
71 | Set SU Check ccio 1 S Af:
72 | Set ALU Check >A">’ check
73 | Set Bus Check { |
74 | Set SAR Check cciol ] % % _
L 75 | Set Inh Check m Cycle 0 of next microinstruction
Function signals: ACycle Cycle “Do not care” signals: ACycle 3 Cycle SIC

® Diagram 5-13. Load Halfword (Indirect Addressing) (Part 2 of 2)

(03718A)

2020 > 50,000 FEMDM Vol 2

8/69)




Insruction

Microinstruction Layout

Mnemonic

S o[ 1] 2]3]¢ [ 718 [10]u[12[13]14]15 STH
To Reg Displacement Addr
The *1o reg" halfword is stored s
T kimicn ot e 1AR [8 o a sl
current block address and the Indicates direct addressing -——1
displacement address (low-order
byte).
e S W an R e
T T i_ T T MNEM OPERANDS STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX Format
LSreg1 | A _, A 8 g Read:u_nbl c,clec . cl] b HW(IAR. 0-7/INST. 8-14)+=R1 RD
remains L addressed halfword
Type
[» 5] :g::essed halfword 2;’:;;“9
2.7 5yl 0 [ acycle 3 [
’////////,{///////////////////// 7 Cyele 0 [
//////// // 0 Reod wite Red wire
[v T mw[mn 2 [ 1B [ 4 [ 715 [ [ n 7 [ @ [« [ 15 6 [ v ] [ n
CORE STORAGE —— Read out and
regenerate micro- Read out
instruction . o __stcﬁ_pioﬂ_on _Store halfword o e — ]
|
|
I’EBR-L_—:
lcc.c cl
=
[
LY
Not op 2§ bit 15 = direct addr
y
B
Suppress /// ///
A
y Y
> il 1 O
L 0 | /
— |
b |
1 A A
S i
|
|
I —————
FDR : 1[
8 0,0 2 5]
/ |
|
I
: o -II(LS reg 1)
| A A BB
[ NS |
LB_O_i_O._Z 8 0,0 4 JNsi :
| |
| |
| |
- |
| r " I
I 1 +2 |
L8 0,02 |
! I
| |
TR a1
s 00 _z_i L8_0,A 4__!
Functions performed during cycle time are shown by full lines and functions performed during & cycle fime are shown by dotted lines.
: » >
Diagram 5-14. Sforemfword (%ct Addremg) (Pcrt'lﬂgf 2) mﬂ?) 2020 > 50,000 FEMDM Vol 2 (8469)

Note: For "Do not care" functions
refer to timing chart below.

"Do not care" signals:
ACycle T
Cycle EH]



Z - ) . E— ' : I
No Name ALD Y ST
T3 T4 15 T6 17 18 T T2 T3 T4 15 T6 17 T8 T 2| 1B | T4 15 T6 7 18 T 12 3 T4~ 15 16
1 | Sense Trap Request Lines LA103
2 | LS New PL Zone Gate KAS1
3 | LS Current PL Zone Gate ¢ —
4 | New/Current PL New/current PL's may differ
5 | CE LS Select CC222
6
7 | Fixed X-Address LA412 z 7 - - - -
8 | 'ToReg' Select LA402 Wr
9 | 'From Reg' Select LA4I
10 | LS to SAR KB411
11 ] LS to MAR
12 | LS to FDR K401
13| LS to TOR | %
14 | MAR to LS 702712 | ¢ L:H — ] —
15 | Set ALU (1/O Bus) 1o LS h_
16 | LS Write LA302/313 H
17
18 | Set Address Check RA501
19 | Branch Go RA502
120 1 byl RA402
21 | Increment by 2 RA403 JF i
2 | D by | RA401
23 | Decrement by 2 RA402
24 | Prevent Mod-SAR-Inh Check | KASI1 m
25
26 | Prevent Storage Use MA402
27 | SDR to Inh MAZ01 0-15 t0 0-15
28 | SDR to Op Reg KB102
29
30 | SDR to TDR KB402
31 | Eight Shift Control RBI62 ¢ | | Gndefred I Noshif 8 . Noshift 8
32 | Shift by 2-or 4 RBI61 7
33 | No Shift RB162 0-15 0-15
34 | Test Packed Byte or Sign RA502
35 | Normalize Sign Active
36 | Suppress RB171 o 07
37
38 | ALU to FDR AA303
| 39 | Reset FDR/Retain FDR0-7 | AA303/KB411
40 | Invert Switch Control RB301 True 0-15, invert 8-15 = /true 00/ True 0-15, invert 8-15/true 00/
4
42 | AU Control Gate AA301 OE OF
43 | Additional Carry AA302
44 | Six Correction 8-11/12-15
45 | Set Carry Latch AA402
46 | Set Condition Code Latches
47| ALU to Inh MA40! Q150 1S
48 | ALU to SAR KB411
49
50 | Data Switch to Op Reg KB402
51| Op Reg to Address Bus KA541
52 | 1/O Display Address Out
53 | Allow Strobe *
| 54 | SENS Strobe/Control Strobe | BA102 (ﬁispl SENS strobe) . H; H
55 | Sense Reset/CTRL Strobe
56 | Prevent ALU and SU Check | BA103
57 ] 1/O Bus to FDR
58
| 59
}_ﬁ
61
62
63
64
65
66
67 | Set ALU Test Latch cci21
| 68 | Set Process Check ccl122 LSA Any chk LSA/Mod Any chk [SA
69 | Set LSA Check cca21
70 | Set Mod Check cciol - - s
71 | Set SU Check ccloz aT8
72 | Set ALU Check Any check )
73 | Set Bus Check ] .
74 | Set SAR Check ccion i m m
75 | Set Inh Check | CycleI 0 of next microinstruction

Function signals: ACycle Cycle mm Do not care” signals: ACycle T3 Cycle @]

® Diagram 5-14, Store Halfword (Direct Addressing) (Part 2 of 2) (03719A) 2020 > 50,000 FEMDM Vol 2 (8/6%)




Mnemonic
Instruction
Microinstruction Layout STH
ol 1J2T3]a]sTel7 8 o w0ln]i2]13]1a]1s
The 'to reg" halfword is stored Op Code To Reg Displ Addr
into core storage. The store IAR Bit 15 is not used for core 5 T I
address was previously read out 7 storage addressing Ind indirect add;
by an address comprising o ,
combination of the current block Generate halfword address
address and the displacement and store in SAR
address (low-order byte). i Contains address of the core
LSreg 1 Reod oui storage position in which the
remains unchanged = addressed halfword i ;fgr':;e’ contents are to be INST MNEM OPERANDS STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX
S ! i Format
. and store in SAR : - 59AB sTH HW(HW(IAR. 0-7/INST. 8-14))*=R1 e
. Addresied
L E alfword
Read out » ¢ clc € 1 before i w©
addressed halfword
Type
Addressed halfword i
i ti (A T A T8 78 ] Indirect
after execution Addressing
aCycle 0 [ ACycle 1 [ ACycle 3 [ [
| Cycle 1 [ Cycle 3 1
Reod Write Read Write Read Wiite
n 2 5 4 15 16 D m 2 [ B | TS5 v [ v [ s [ m 2 | 1 | 1 |5 6 | 7w [ [ m 5 EI [ s v | v [ 2 [ 1 | ® [ 75 16 v [ ® [ n
CORE STORAGE —— Read-out and
regenerate micro- Read out and regenerate Read out
L_ instruction store address store position __ Store halfword [ | I
_—-——____—____—_"—_—_TF——— _____: - —___—_—__'_T__ & T - - - = T T T T T T T T T
| ! 1
al L 1
1 1 I
1 |
_y . N S
SDR H 1 SDR :
i | S i !
H ! ! 1
Lo L2 4 Leccy
TOR TR
]
8 0 1.2 4 Lé_érs__“_.'
Op reg bit 15 = indirect addressing |
|
1
1
1
I
|
i
1
I
55 A i 3
s s | 27011 Crrtrh | Cirirh
0 0 A 01 2 4 LA A 8 8
|
1
1
'
a . | B
|
|
§ A r 2 ' r B
ALY OF ot - - OF  ——b—t e mee 5 ! oF
3 0 1 ! 1 A
! 1
| |
8 0 i ; l
] !
II i
i
0 0 0 0 1 ! 0 0 0 o0
ivrt 1, |
i i
1 I
i i
| !
| ;
! |
FDR ' I
! |
8 00 2 ! H
1 I
| |
] 1
! i
]
! |
I e —————
i feg ) (LSreg 1)
i
H 1
i
I
—————— 1
T TAR 1AR !
! | ——— I‘
1] 1
L8002y 8004 |
I
1 :
1 1
| i
| i
1 I
; '
1
'
]
I +2 :
' 1
i
i
1
i
TSAR "'E
]
H
Lo 124,
Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines.
03720
. » .
® Diagram 5-15. Store Halfword (Indirect Addressing) (Part 1 of 2) (03720A) 2020 > 50,000 FEMDM Vol 2 (8/69)

Note: For "Do not care" functions
refer to timing chart below.

"Do not care" signals:
ACycle T3
Cycle W




ACR;;T: . | Write 1 . ReadA S Write 1 Reldc : - Write | — ]
No Name ALD ST Y [ — yele — | —
T3 T4 T5 6 7 8 il 2 3 4 75 76 7 8 il i} 3 ) i 76 8 Tl 2] 1 T4 T 8 8 il 2 i) h1) 5 78 8 T 2
1 | Sense Trop Request Lines LA103
2 | LS New PL Zone Gate KASI
3 | LS Current PL Zone Gate . ] | | ] ‘IF JF
4 | New/Current PL New/current PL's may differ
5 | CE LS Select CC222
6
| 7 | Fixed X-Address LA412 W— Z Z 1 I 7 7
8 | 'ToReg' Select LA402
9 | *From Reg' Select LA41
10 | LS to SAR KB411
11 ] LS 1o MAR %
12 | 1S to FDR KB401 T
13| LS to TOR
14 | MAR 10 LS w0272 | ¢ h:Hf j — ] -
15 | Set ALU (/O Bus) to LS
16 | LS Write LA302/313 4H
7
18 | Set Address Check RA501
19 | Branch Go RA502
20 | 1 byl RA402
21 | Increment by 2 RA403 - F F h
D byl RA401
23| De by 2 RA402
| 24 | Prevent Mod-5AR-Inh Check | KAS511
25
26 | Prevent Storage Use MA402
27 | SOR to Inh MAd0L [RERFY 015 10013
28 | SDR to Op Reg KB102
29
SDR to TDR KB402
| 31| Eight Shift Control RBI62 Undefined — Roghift s N chift Noshift
32 | Shiftby 2 or 4 RBISI
33 | No Shift RB162 015 0-15
34 | Test Packed Byte or Sign | RA502
35 | Normalize Sign Active .
36 | Suppress RB171 -
¥
38 | ALU to FOR AA303
| 39 | Reset FDR/Retain FDR0-7 | AA303/KB411 i,
| 40 | Invert Switch Control RB301 True 0-15, invert 8-15 = /true 00/ True 0-15, invert 0-15 = /0000/ True 0-15, invert 0-15 = /0000/
4
42 | ALU Control Gate AAJ01 OE OE OE
43 | Additional Carry AAI02
| 44 | Six Correction 8-11/12-15
45 | Set Carry Latch AA402
46 | Set Condition Code Latches
47 | ALU to Inh MA401 0-15 0 0-15
48 | ALU to SAR KB4l
49
50 | Data Switch to Op Reg KB402
51| Op Reg to Address Bus KAS41
| 52 | 1/O Display Address Out _W
| 53| Allow Strobe
| 54 | SENS Strobe/Control Strobe | 8102 (Displ SENS strobe) i —
55 | Sense Reset/CTRL Strobe
56 | Prevent ALU ond SU Check | BA103
57 | 1/O Bus to FDR -
9
80
Al
|62
63
84
| &5 ]
86
P D can LSA Any chk [SA/Mod Any chic LSA/Mod Any chk —
_6_9_ Set Process Check CC122
| 69 | Set LSA Check cc21 | rrrrrrvrrrsvrrerrreerrr IR
70 | Set Mod Check ccio ]
[ 71 | Set SU Cheek cao [ 1 AT
72 | Set ALU Check > Any check
73 | Set Bus Check (
74 | Set SAR Check cao | u
E Set Inh Check ] m Cycle 0 of next microinstruction
Function signals: ACycle Cycle “Do not care" signals: ACycle 3 Cycle ST

® Diagram 5-15. Store Halfword (Indirect Addressing) (Part 2 of 2)

(03720A)

2020 > 50,000 FEMDM Vol 2

(8/69)




Mnemonic
Microinstruction Layout
R [8 T o] o | 2| Instruction [ Op Code FLE o[ Jols[asTe]7 8o ]wln]iz[n]uls BsT
Op Code Displacement Addr
The upd?'ed mic)roins'ru;:ion 5 | 5 [o
address (IAR + 2) is stored in S i
To Reg = 7
Pl uirgfiir b M e ting ——
current block address and the
displacement address (low-order UPd“'ed:::JL_———: Combined A
byte). The store address is IAR 8 0 0 4 ombinel 8 0 F 3
incremented by 2 and used fo address L
read out the next micioinstruction L Readout " T Addressed halfword
(branch to store address + 2). 1 L before Format
The contents of LS register 4 are INST MNEM OPERANDS STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX
destroyed. ' Store » s | o I Afd'dressed hqlfword 5FFE BST LABEL HW(IAR. 0-7/INST. 8-14)%=R7, BR TO HW (IAR.0-7/INST.8_14)+2 RD
after
+|2 Type
Direct
1AR l 8 : 1 [) 0 | Updated combined address Addressing
) Branch address T | | Note: For "Do not care" functions
2 ACycle 0 ACycle 3 refer to timing chart below.
. g I | | | oo o fiming hen ®
R Reod Write Read Wite o not care" signals:
n 12 B 15 v |7 | 1w [ 2 B | 4 [ 15 w [ 7 [ 8 [ n 2 | 1B [ [ w [7 [ s [0 n [ B | 15 w | v [ 8 [ n 2 [ s [ [ v [ v [ 8 [n ACycle [
Cycle W
CORE STORAGE —— Read out and
regenerate micro- Read out Store
inst i .
________________ I'_"““"i‘_]_______ ____s'«ﬁr]wﬂon__updc"%‘:“\"___________4__ﬁ__.________________________________________
! |
| |
A4
rS—DR! -1 rS_[;R— _-1,
Lo <
BST - 'to reg’ = /7/ TR )
5 F F E Ls_o 0 4!
Not op reg bit 15 = Direct address T
|
|
|
Y
5 F F ¢t N !
su Suppress 2222 1111 swpress | | 24 1 111
0 0 F E jLo o o &
|
|
e o
ALU I OF VF—**—j : OF °
A 0 y 0
B B
| |
| |
! |
8 0 0 0 ! | 8 0 0 0
Invert s [t To 0] \ i e o
8 0 0 2 | (L2 o o
! !
! |
|
FDR ! '_ﬁbkl al
8 010 2 : L8 010 4]
Y
|
|
|
| 1
: [Toreg 1 =1Ar
| L8 90 4
I 1AR '_L—S-Re!gA a s Reg 4
! I 0 8 0,F E 8 0,F E
I_a_o_!_o_z_, I 8 0,0 4 L L 'f'__’
I ! ! [
| ! ! 1
| |
|
| r-M‘AR! - | I‘M‘A»zi -
: L8 040 2 2 : L8 O4F E
I |
I-S_A-Ri a ,'_Sﬁi—j
L8010 2] Lo o el

Functions performed during cycle time are shown by full lines and functions performed during A cycle fime are shown by dotted lines.

Diagram 5-16. Branch and Store (Direct ‘Addressing) (Part 1 of 2) (03721) 2020 > 50,000 FEMDM Vol 2 (8/69)



Read I Write T 3 Reod ] Write | | ®
ACycls0 I ACycle 3 I I
No Name ALD 7 Trele 0 Tyele 3
13 T4 T5 T6 7 T8 il 7 T3 13 T5 76 77 T8 T 7 T W™ | T 75 76 i 78 il 7] i ™ 5
1 | sense Trap Request Lines | LAI103 H
2 | LS New PL Zone Gate KAST1 P
3 | LS Current PL Zone Gate | -]
4 | New/Current PL New/current PL's may differ
5 | CE LS select cc
6
7_| Fixed X-Address LA412 m . - m _7
8 | 'ToReg' Select LA402 (IAR "To reg" decode 7)
9 | 'From Reg' Select LA411 A
10 | LS 1o 5AR KB4l (X-addr, 7 blocked)
11| 1S 1o MAR
12 | 1S 1o FOR KB40l
13| 1510 TOR |
14 | MAR to LS La702-712 | ¢ h:Hﬁ { -
15 | Set ALU (1/O Bus) to LS E
16 | LS Write LA302/313 H H
77
| 18 | Set Address Check RASO
19 | Branch Go RAS02
2] 1 byl RA402
21 | Increment by 2 RA403 ¢ M
122 | b by 1 RA401
23| D by 2 RA402
24 | Prevent Mod-SAR-Inh Check | KAS11
25
26 | Prevent Storage Use MAd02
27 | SDR 1o Inh MA4O1 (REYEH
| 28 | SOR to Op Reg KBI02
29
30 | DR 10 TOR KB402
| 31| Eight Shift Control RBI62 —l— — —
| 32 | shiftby2.or 4 RBI61
33| No Shift RBI62 0-15
34 | Test Packed Byte or Sign | RAS02
35 | Normalize Sign Active )
36 | Suppress RB171 o =
37
38 | ALU 1o FDR AA303
| 39 | Reset FDR/Retain FORO-7 | AA303/KBA11
40| tnvert Switch Control R8301 True 0-15, invert 8-15 = /true 00/ True 0-15, invert 815 = /true 00/
4
42 | ALY Control Gate AA301 OF OF
43| Additional Carry AA32
| 44 | six Corection 8-11/12-15
45| Set Carry Lotch AALO2
46 | Set Condition Code Latches
471 Al to lch MA0l +
48 | ALU to SAR KB411
49
50 | Data Switch to Op Reg KB40
51| Op Reg to Address Bus KAS41 —
52 | 1/O Display Address Out —Wi *
53 | Allow Strobe |
| 54 | SENS Strobe/Control Strobe | BAI02 (Displ SENS strobe) H H H
| 55 | Sense Reset/CTRL Strobe
56 | Prevent ALU and SU Check | BA103
57 | 1/0 Bus 10 FOR
58
| 59
60
6l
62
63
64
65
6
67 | Set ALU Test Lotch cciz
5A Any chk TSA/Nod Any chk TSA
| 68 | Set Process Check cc122
69 | Set LSA Check ccaa
70| Set Mod Check ccion
| 71 | Set SU Chack cai 2 £T8 m—
72 | Set ALU Check Any check
73 | Set Bus Check
74 | Set SAR Check cciol
75 | St tnh Chock m Cycle 0 of next microinstruction

Function signals: ACycle Cycle mmll Do not care” signals: ACycle =3 Cycle S

® Diagram 5-16, Branch and Store (Direct Addressing) (Part 2 of 2) (03721A) 2020 > 50,000 FEMDM Vol 2 (8/69)




The updated microinstruction
address (IAR + 2) is stored in

core storage .

The store address is read out by

an address comprising a combination
of the current block address and the
displacement address (low-order
byte).

The store address is incremented

by 2 and used to read out the

next microinstruction (branch to
store address + 2). The contents

of LS register 4 are destroyed.

me [ s, o [ o, 2]
e

—————
+2

/st 15 not used for addressing

F F
1

I
| Read out store address

L__

' Read out

1A% Updated store address

Branch address

Addressed halfword
C C before execution
Addressed halfword

0 4 after execution

Microinstruction Layout

o[ J2Js3Ja[s]e]7

s [ o [io]ufi2[ 3] a]0s

Op Code

5 | F

Displocement Addi
[

MNEM OPERANDS

ToReg=7

Indirect addressing -—J

STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX
HW (HW(1AR.0-7/INST.$-14)) »= R7, BR TO HW(1AR. 0-7/INST. 8-14)+2

| _ Mnemonic
BST

Indirect
Addressing

%
.
%

m 13

.~ »2» ) 777 000005

ACycle 0 | T aCycle 3 [
2 Cyele 0 Cycle 1 | [ [
Reod Write Wiite Read
w |7 [ s [ n B | 4 [ s | v 2 [ [ u [ w | v [ w8 [ n [ 2 [ 13 [[u [T v [ m [ s [

CORE STORAGE —»

suU
ALU OF
8 0 0 0
Invert s [T T0 0]
8 0 0 2
FDR
8 0,0 2
TIAR ) AR
| i
L8.0,0 2,5 |
4 I
:
: I
1 \
1 |
I 1
] 1
i
S S
I T MAR !
ot 1 +2 EEEE——
! } 1
;o800 2
i
'
)
|
I SAR 1,
i |
L8002

BST - 'to reg' = /7/

Read out and
regenerate micro-
instruction

Op reg bit 15 = indirect address

5 F F F
Suppress %Ill
0 F

Read out and regenerate

8 0 0 4

store EOSMO"
|

Read out
1
1
|
HE TR
H
' 1
Lo
TR0
1
!
Lﬁ‘o_Af_"_J
I
|
i
I
I
5
I
'
i
| 8 0 0 4
V| C 11T
! 8 0 0 4
i
!
i
|
|
H 4
' 0
, 3
| 0
i 8
I
I
! 0 0 0 o0
|
[}
i
.
| l
1
I
'
1
I
1
1
I
i
i
: ’
d
f- ToReg ) =IAR
'
! i
L8 0.0 4]
TiSRgd
L7000}
|
|
|
I
'
i
X __
T MAR |
i a2
1
L2900

Functions performed during cycle time are shown by full lines and functions performed during A cycle fime are shown by doffed lines.

Diagram 5-17.

Branch and Store (Indirec# Addressing)* (Part 1 of 2)

03722)

2020 > 50,000 FEMDM Vol 2 (8/69)

Note: For "Do not care" functions
refer to timing chart below.

"Do not care" signals:
ACycle 1
Cycle ELJ



. . B
Ne| e xenm T i 56 ' T : Bome : e - L .
7077 Cycle 0 Cycle 1 Cycle 3
13 T4 15 T6 17 T8 Tl T2 T3 T4 T5 T6 17 18 T 12 T3 T4 T5 T6 7 T8 1 T2 | 1 | T4 15 T6 7 T T2 13 T4 T5 16 n T2
1 | Sense Trap Request Lines LA103
2 | LS New PL Zone Gate KAS1 H
3 | LS Current PL Zone Gate [ T— ______r I {
4 | New/Current PL New/current PL's may differ
5 | CE LS Select CC222
6
7 | Fixed X-Address LA412 W_ *7 - ! L % -
8 | 'ToReg' Select LA402 "To reg' decode 7)
9 | 'From Reg' Select LA4l1 AN | |
10 | LS to SAR K41l (X-addr 7 blocked)
11 1 LS to MAR
12 | LS to FDR KB401
13 | LS to TDR |
14 | MAR to LS LA702-712 [w - 4 o
15 | Set ALU (/O Bus) to LS
16 | LS Write LA302/313 o % H
17
| 18 | Set Address Check RAS501
| 19 | Branch Go RA502
120 | & byl RA402
21 | Increment by 2 RA403 - a
De by 1 RA401
23 | De by 2 RA402
24 | Prevent Mod4SAR-Inh Check | KAS11 777
25
26 | Prevent Storage Use MA402
0-15 to 0-15 0-15 t0 0-15
27 | SDR to Inh MA401
| 28 | SOR to Op Reg KB102
29
30 | SDR to TDR KB402
Undefined No shift 8 No shift 8 No shift 8
| 31 | Eight Shift Control RB162 —_— 4
32 | Shiftby2ord RBISI o ohs ohs
| 33 | No Shift RB162 * | | |
34 | Test Packed Byte or Sign | RA502
35 | Normalize Sign Active 0|.7
36 | Suppress RBIZ1
37
38 | ALU to FDR AA303
| 39 | Reset FDR/Retain FDR 0-7 | AA303/KB411
40 | Invert Switch Control RB301 True 0-15, invert 8=15 = /true 00/ True 0-15, invert 0-15 = /0000/ True 0-15, invert 0-15 = /0000/
4
42 | ALU Control Gate AA301 OE OF OF
43 | Additional Carry AA302
| 44 | Six Correction 8-11/12-15
| 45 | Set Corry Latch AA402
46 | Set Condition Code Latches 0-15 10 0-15
47 | ALU to Inh MA401
48 | ALU to SAR KB411
49
50 | Data Switch to Op Reg KB402
51 | Op Reg to Address Bus KA541
| 52 | 1/O Display Address Out * *
53 | Allow Strobe
| 54 | SENS Strobe/Control Steobe | BAIO2 Displ SENS strobe) — o —
| 55 | Sense Reset/CTRL Strobe
| 56 | Prevent ALU and SU Check | BA103 *
57 | 1/O Bus to FDR
58
61
62
}ﬁ
64
|65
66
| 67 | Set ALU Test Latch cci21
| 68 | Sot Process Check i LSA Any chk | % An*chk LSA/Mod Any chk LSA
| 69 | Set LSA Check cc221 4@ lzzzmzz'
70 | Set Mod Check ccol
[ 71 | Set SU Check cai o m a8
72| Set ALU Check Any check
73 | Set Bus Check
| 74| Set AR Check caol % r; m
L75 { Set Inh Check Cycle 0 of next microinstruction
Function signals: ACycle Cycle NN "Do not care” signals: ACycle (3 Cycle BT
® Diagram 5-17. Branch and Store (Indirect Addressing) (Part 2 of 2) (03722A) 2020 > 50,000 FEMDM Vol 2 (8/69)




Mnemonic
Example 1: Successful BM Example 2: Unsuccessful BM Lo .
Microinstruction Layout 8z
Itroction oJ1J2f3lalsTel7]8ToTrolunr2]wsl1a]1s
The 'to reg" is tested for being Op Code To Reg Displacement Addr
zero, minus, plus (not zero), or [ 0 0 | BZ BM
an invalid address (outside A ] 0] M
customer area). Successful 7 0 0 | 8P
testing causes a branch. The IAR [ ~ o[ o 2] 7 1 0] BAC o
branch address is a combination before execufion
of the current block address and T
the displacement address (low= + Direct addressing sac
e microinoion s L5 reg [ olr o] Ce 0 T 0 [ & ] vonchodaes LS e [ o] v o] !
is used. - This is @ negative binary number, therefore branch] This is o positive binery number, therefore % INST MNEM OPERANDS STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX Format
610A Bz 1, LABEL BR TO IAR.O-7/INST.3-14 IF R1=0 RD
meeasay [0 10 [0 [ Al weoo nnnn N 7o Br  1lLABEL BR To IaR.011/INST. 5,14 I R1,GT0 -
o r) 7904 BAC  1,LABEL BR TO IAR.0-7/INST.8-14 IF Rl INVALID D'Y'*
Adasing
2 Note: For "Do not care" functions
;//4/////////////////////////% A Cycle 0 | | | l refer to timing chart below.
7 77777777 ) | [ l | |
Read Write . "Do not care" signals:
v [ v [ s [ 2 [ [ | v [ 7 [ w [ n 2 [ s [ u [ % [ v [ [ n 2 [ B [ u |5 w [ 7 [ 8 [ n 2 [ 13 [ [ 15 w [ v ] w [ ACycle T
Cycle N1
CORE STORAGE —— Read out and
regenerate micro-
instruction
- - - - - - - - - - - - :———‘r___— -_ - Y- - - - - - - - - - - — — — — T = = - = - — - - . - - - - T T T T T T T
|
1
rs— Rj__’
L 1,0 A]
@) (9)
Op Reg
6 1,0 A
@) ()
TOR J
5 1,0 A
@) )
No op reg bit 15 =
direct addressing
AN L))
s 10 A
U %lll
0 Py
A
v o
ALU I OF »
y S
8
8 0 0 o
8 0 0 2
FDR
8 0,02
(tsreg 1) [ To Reg 200A Bronchgo
TaR — "7 . 1AR 1AR
! T
Ls 0,025 | (Nsy| 8 0 0 4 ' | :
| | AR | |
| | |
I i | :
: ‘___;__ 800 A IBranchgo
I MAR I | 8004 Nobranch (NsI)
[ | T
| L8 0,0 2 i |
| ral--1,
|I [ sax !
I
rS-RJ—_.I Lol
La_'i,g_ZJ! Branch Go

No branch

Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines.

Diagram 5-18. Branch on Binary Zero-Minus-Plus, Address Check (Direcf Addressing) (Part 1 of 2) (03723) 2020 > 50,000 FEMDM Vol 2 (8/69)



Read T Write 1 |

No Name ALD et L T L
13 T4 5 T6 7 18 il 7 [ 8 [ T T5 T8 7 78 il 2 3 i)
1 | Sense Trap Request Lines LA103
2 | LS New PL Zone Gate KA511
3 | LS Current PL Zone Gate |
4 | New/Corrent PL Y New/current PL's may differ
5 | CE LS Select cco22
6 .
| 7 | Fixed X-Address LA412 2 7 - - - Z J— " bronch
8 | 'To Reg' Select LA402
9 | 'From Reg' Select LA4
10 | LS 1o SAR Kaanl’ If no branch
1| 15 1o MaR
12 | LS to FDR KB401
13 | LS to TOR
14 | MAR to LS La702-712 | ¢ h:_H
15 | Set ALU (1/O Bus) to LS
16 | LS Write LA302/313 — If branch =
W ry 7y
18 | Set Address Check RASO1
19 | brench Go RASO2 TMAR = zero-minys-plus-invalid address
120 1 byl RA4D2
21 | Increment by 2 RA403 4
22 | D by 1 RA4O1
23| D by2 RA402

24 | Prevent Mod-SAR-Inh Check | KASI1

Prevent Storage Use MA402
SOR to Inh MA401 .15 10 0-15
SDR to Op Reg KB102
SDR to TDR KB402
Eight Shift Control RBI62 Undefined | ____ | | |— No shift 8
Shift by 2 or 4 RBI6)

. 0-15

No Shift RBI162

Normalize Sign Active

26
27
| 28
29
30
31
32
33
34 | Test Packed Byte or Sign | RA502
35
36
37
L 38
139 |
| 40
4
42

Suppress RBI171
ALU to FDR AA303
Reset FDR/Retain FDR 0-7 | AA303/KB411
Invert Switch Control RB301 True 0-15, invert 8-15 = /true 00/
!
ALU Control Gate AA30 OF
43 | Additional Carry AA302
| 44 | Six Correction 8-11/12-15
| 45 | Set Carry Latch AAd2
| 46 | Set Condition Code Latches
47 | ALU to Inh MA401
| 48 | ALU to SAR KB411 przzzzd M branch
49
50 | Data Switch to gg Rﬂg KB402
51| Op Reg to Address Bus KA541
52 | 1/O Display Address Out ‘W *
Allow Strobe

t
Strobe/Control Strobe | BAI02 (Displ SENS strobe) H
Sense Reset/CTRL Strobe

53 |

| 54 |

155 |

’_& Prevent ALU ond SU Check | BA103
57

1/O Bus to FDR

58

)

6l

62

63

o
| 65

6
| 67 | Set ALU Test Lateh cci2l
| 68 | Set Process Check cciz LA Any chk [ A
69 | Set LSA Check cc2l If Branch
|70 | Sot Mod Check. cciol
| 7

AN = 8-15
Set SU Check ccloz sranch IAT8 .
72 | Set ALU Check o Any check

73 | Set Bus Check

| 74 | Set SAR Check cci01
Cycle 0 of next microinstruction
75| Set Inh Check 4

Function signals: ACycle Cycle HIN "Do not care" signals: ACycle 3 Cycle BIC

® Diagram 5-18. Branch on Binary Zero-Minus-Plus, Address Check (Direct Addressing) (Part 2 of 2) (03723A) 2020 > 50,000 FEMDM Vol 2 (8/69)



Example 1: Successful BAC | Bxample 2: Unsuceessful BAC Mnemonic
Instruction T SAIA;Zoinsrmm;n ILO‘?ZDUI'WI AT 8z
o[ 112
The 'to reg" is fested for being L | LS reg 1 Op Code To Reg Displacement Addr
zero, minus, plus (not zero), or 0 1 BZ BM
an invalid address (outside customer AR l This is o valid address, therefore no branch % 1 mEM
area). before execution — T , Bit 15 is not used for core 7 0 1 ee o
Successful Vesﬁn.g causes a bbmnch. ¢ storage oddresslng I 7 1 1 BAC
LE::?::TE?:E; é;;::\i%"::t‘ :r; [ s . oo B Indirect addressing oac
the curren jock address an: e 1
1 e i ot micetmoeton e T | we el a]ns Fome
address is used. LSreg 1 [0 T 0o [ 8 . F ] | ‘(’::;l;’;"‘;;';’; INST OPERANDS STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX w0
This is an invalid address, therefore branch 6108 1,LABEL, I BR TO HW (IAR.0-7/INST.8-14) IF R1=0
I 690B 1, LABEL,I BR TO HW (IAR. 0-7/1N§'I:. 8-14) IF R1,LT,0 Type
7908 1 ABEL 1 B3 To W (AR 6-1/T S-14) I B1' DAL et
IAR (and SAR) L s ol o o] I : Addressing
after execution
7, acycle 0 l ayele 1 I 1
g/////////////////////////////////////////////////////////////// Cyele 0 Cyele 1 I 1
) Read Wit Rec i
2 13 6 [ v [ w8 [ 2 [ 1B [ 4 [ 5 v [ 7 [ . [ m 2 | 1 [ u [ w [7 [ s [ n 2 | B | S [ [ n 2 | 1B [ [ w | v [ w [ n
CORE STORAGE —— Read out and
regenerate micro- Read out and regenerate
instruction —_— _ __ __ ___ __ branchoddress ___ __ _ __ __ __  __ __ — e - _r_ ____________________________________
SOR
9 0,00
TOR
9 000
@ ©®
6 1 B 9 0 0 o
w e A CrTTih
00 B 5 0 0 0
] 0
Co e
ALU OF |—»—-------m-- N OF
A u ! 3 0
u 1
1 9
1
i
|
80 00 : 00 0 o
Invert sw [Twe T0 0] ! C—T 1
80 02 ! 0 0 0 0
l
1
i
FOR i
!
8 0,02 i
I
1
| |
: Z 0 0 Branch go
To Reg (LSregn) !
i
i
. H AR | TAR
[ |
18002i 1 80,0 4 ;
Tt NE) . T
! 1 t 1 I
i i ' i !
i | ! o
i Y ! Branchgo 9000 |
[ v Suiniaind ' - T '
P | D
D leo02l” ‘. bl
! ! I 8004 Nobronch (NSD
| ' vy
|-SZR.!---1I HET S
1 ! : :
L_s._o_l.o._z.J' [ S —
Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines.
Diagram 5-19. . Branch on Binary Zero-M‘inus-Plus, Aadreis Check (Indirect Addressing) (Part 1 of 2) (03724) 2020"> 50,000 FEMDM Vol 2 (8/69)

Note: For "Do not care" functions
refer to timing chart below.

"Do not care" signals:
ACycle T3




- ) ) e ool 7T e 1
No Nome ALD LY ] Gyl T - —
Cycle 0 Cycle 1
13 T4 T5 T6 7 18 T T2 T3 T4 15 16 17 18 T T2 [ 1 [ 14 15 T6 7 8 T T2 3 T4 15 T6
1 | sense Trop Request Lines | LAI03 ) —
2 | LS New PL Zone Gate KA1
3 | LS Current PL Zone Gate —— {
4 | New/Current PL New/Current PL's may differ
5 | CE LS Select CC222
[]
| 7 | Fixed X-Address La012 2 Z - - — ] 1 branch
8 | 'To Reg' Select LA402
9 | 'From Reg' Select LA4I1
10| 1510 SAR KB4l bz ¥ o branch
11 | LS to MAR —
12 | 15 1o FOR K401 )
13 | LS to TDR | l
14| MAR to LS A702712 | ¢= h:H — -
| 15 | Set ALU (I/O Bus) to LS . | —
16 | LS Write LA302/313 j
\7 If branch
| 18 | Set Address Check RAS50Y
19 | Branch o RASG2 1f MAR = zero-minus-plus-invalid addre:
20 | 1 byl RA4Q2
21 | Increment by 2 RA403 CLLLIIIIIIL TILI IS0 P III I LI LI LIS A1 A “h* h
122 | D byl RA4O1
23 | D by2 RA402
|24 | Prevent Mod-SAR-Inh Check | KAS11
25
26 | Prevent Storage Use MA402
0-15 to 0-15 0-15 to 0-15
27 | SDR to Inh MA401
| 28 | SOR 1o Op Reg KB102
29
30 | SDR to TDR KB402
| 31| Eight Shift Control RB162 e o efined T ]
| 32 | Shiftby2or4 RBISI
| 33| No shift RB162 015 0-15
34 | Test Packed Byte or Sign RA502
| 35 | Normalize Sign Active
3 | Suppress RBIZ1 ik
7
38 | ALU to FDR AA303
| 39 | Reset FDR/Retain FDRO-7 | AA303/KB411
| 40 | Invert Switch Control RB301 True 0-15, invert 8-15 = /true 00/ True 0-15, invert 0-15 = /0000/
41
42 | ALU Control Gate AA301 OF OF
43| Additional Carry AA302
| 44 | Six Correction 8-11/12-15
| 45 | Set Carry Latch AMOR2
46 | Set Condition Code Latches
47 | ALU to Inh MA401
48| ALU o SAR K411 Y2z branch
49
| 50 | Data Switch to Op Reg KB402
51| Op Reg to Address Bus KA541 —
| 52 | 1/O Display Address Out * ?
53 | Allow Strobe
| 54 | SENS Strobe/Control Strobe | BA102 (Displ SENS strobe) H H H
| 55 | Sense Reset/CTRL Strobe
| 56 | Prevent ALU and SU Check | BA103
57 | 1/O Bus to FDR
58
L 59
60
81
| 62
63
64
65
66
| 67 | Set ALU Test Latch cciz1
| 68 | Sot Process Chack cciz aa LT # L , S
| 69 | Set LSA Check cc221 If branch
70 | Set Mod Check cciol
| 71 | Set SU Check ccie 1f branch mj— o 1f no branch
72] Sot AW Check | Aoy check
73 | Set Bus Check
74 | Set SAR Check cciot
75 ] Set inh Check Cycle 0 of next microinstruction
;:—neﬁon signals: ACycle Cycle HN “Do not care" signals: ACycle T3 Cycle BT ]

@ Diagram 5-19. Branch on Binary Zero-Minus-Plus, Address Check (Indirect Addressing) (Part 2 of 2) (03724A) 2020 > 50,000 FEMDM Vol 2 (8/69)



Microinstruction Layout

Mnemonic

B
Instroction o [1 234567 8[9_|1o||||12||3]14 15
Op Code Displacement Addr
‘An unconditional branch is 8 [oTo 0o o 0
peiformed. The branch address .
is a combination of the current 0 Reg
block address and the displacement 1AR [ T 0o [ o 2] T
address (low-order byte). before execution Direct Addressing
|
Bronchoddress [ 8 | 0 | 0 | A |
— Format
NST MNEM OPERANDS STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX
800A B LABEL BR TO IAR.0-7/INST.8-14 RD
AR [ s i 0T o al
after execution Type
Direct
Addressing
4 Cycle 0 | [ [
Cycle 0 [ [ [ [
Read Write
n 72 B T4 15 6« [ v [ w [ n 2 | s [ [ % [ 7 [ 8 [ n 7 [ ©B | s 6 | v B [ n 7 | B | 1 7% 7 D 2 | w3 | u [T v | v [ 8 [ n
CORE STORAGE —— Read out and
regenerate micro-
instruction - - — e
'
A
No op reg bit 15 = direct addressing
Y
5 0 %
0 0 A
A
0
ALU >
0
8
Invert sw
FOR
8 0,0 2
MR~ 771 1AR
1 T
8 0,0 2 80,0 A .
L -+= - J :
|
|
| |
| |
| |
| |
| |
| |
¥ I
M sar 1 1 AR e o
1 H | Cycle if single microinstr sw on
. | 800 ]
L 4 L L2 0

wiagram gr=Q. Branglssplnconditirngl (Diregiiygldressingdgart 1 of Swm (03785 24P%> 50,008"%EMDM V™S  (8/69Fm

v

x

Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines.

’

Note: For "Do not care" functions
refer to timing chart below.

"Do not care" signals:
ACycle 3
Cycle W



anad ~Read I Write 1 1
No Nome ALD LXSTY ST . : L : 1= — -
3 T4 75 76 7 T8 il I 5 76 7 i il i i i) 5 T8 i il 7] 7] 75 8 T i3 75 I3 6 il 2
1 | Sense Trop Request Lines | LA103 H
2 | LS New PL Zone Gate KAS1
3 | LS Current PL Zone Gate —
4 | New/Curent PL f NN N U S O —
5 | CE LS Select CC222
6
7 | Fixed X-Address LA42 z Z a Z H Z Z
8 | 'To Reg' Select LA402 -
9 | 'From Reg' Select LA4I1
10 | LS o SAR KB4 .
111 LS to MAR
12 | 1S vo FOR KB401 —
13 | LS r0 TOR
14 | MAR to LS LA702-712 | ¢
15 | Set ALU (1/O Bus) to LS
16 | LS Write LA302/313
77
| 18 | Set Address Check RA501
19 | Beonch o A2 Unconditional
20 byl RA402
21 | Increment by 2 RA403 "' k h:_
22 | D byl RA401
23| b by 2 RA402
24 | Prevent Mod-SAR-Inh Check | KAS511
26 | Prevent Storage Use MA402
27 | SOR to Inh MAO) (EEYRH
28 | SOR to Op Reg KB102
2
30 | SDR to TOR KB402 ]
| 31| Eight Shift Control RBI62 | e T Nochittd
| 32 | shiftby2 or 4 RBI61
33 1 No Shift RB162 %
34 | Test Packed Byte or Sign | RASO2
35 | Normalize Sign Active
36 | Suppress RBIZ1 4
7
38 | ALU to FOR AA303
| 39 | Reset FDR/Retain FORO-7 | AA303/KB4IY
40 | Invert Switch Control REB301 True 0-15, invert 8-15 = /trve 00/
4
42 | ALU Control Gate AA301 OF
43 | Additional Carry AA302
| 44 | Six Correction 8-11/12-15 5
45 | Set Carry Latch AL
46 | Set Condition Code Latches
47| AUt Inh MA40!
ALU to SAR KB4l | —
49
50 | Data Switch to Op Reg KB402
51| Op Reg to Address Bus KAS41 —
52 | 1/O Disploy Address Out ’ *
53 | Allow Strobe
| 54 | SENS Strobe/Control Strobe | BAI02 (Displ SENS strobe) e  —
| 55 | Sense Reset/CTRL Strobe
56 | Prevent ALU ond SU Check | BA103
57 | 1/0 Bus to FOR
58
| 59
50
3l
62
63
s
&
8
| 67 | Set ALU Test Latch cciz1 - — -
| 68 | Set Process Check cc12 WA Q_
| 69 | Set LSA Check cc221 | rrrrrresessvrrrerrrerr. S
70 | Set Mod Check cciol -
| 71 | Set SU Check ccio
| 72 | Set ALU Check Any, check
73 | Set Bus Check
74 | Set SAR Check ccio
A‘ Set Inh Check m Cycle 0 of next microinstruction
Function signals: ACycle Cycle mEN "Do not care" signals: ACycle 3 Cycle @]
® Diagram 5-20. Branch Unconditional (Direct Addressing) (Part 2 of 2) (03725A) 2020 > 50,000 FEMDM Vol 2 (8/69)




Mnemonic

crointoct
Instruction OpCode | 0 ; B | Microinstruction Layout

of 1 JolsJalsTe]7]e[olw]n]r]nlel B
~ - o . Op Code Displacement Add:
An unconditional branch is Bit 15 is not used for core 8 JoJo o o )
performed. The branch address AR m / storage addressing
is read out by an address comprising before execution e T
a combination of the current block Indirect addressing
address and the displacement
address (low-order byte) Generate halfword address m
and store in SAR 0 B

|
|
| e 5
! . Format
ReeT oo bmdy — Remains unchanged INST MNEM OPERANDS STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX

ranc|
address 71 800B B LABEL, I BR TO HW (IAR.0-7/INST, 8-14) .

Type
1AR 9 0 0 0 I

- Note: For "Do not care" functions
7 ACycle 0 [ a Cyele ] | I l refer to timing chart below.
) | | | | P
T e T ] I = [ ] 200 O 0 20 0 0 2 PR
12 5 16 7 8 n T2 T3 T4 15 76 7 T8 m 2 3 T4 15 16 T T ¥ T T 4 A n Cycle W
________________ B _mmewo ]
| |
r"’]‘—"l ‘__Rj__,,
:Zkoos_i i_z_oJoo'
j TDRV]
su Suppress %%%_%:EI] [ : I :J g I 5

®

»

o 0
8 9
80 00 00 00
invert sw Twe [0 0]
8§ 0 02
FDR
8 0,02

1Ak 7 1AR
L8_°+0_2_: 9 oI 0 0]
I
|
| |
|
! |
' |
|
|
|
! |
|
r- y -$ - Tar — 1
[ AR 1 Msar 1 SAR
i 1 | i 1 Cycle if single
L8 0.0 2] 180,08} 190,00} microinstr swon

Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines.

_Diagram 5=21. Branch.Unconditional (Indireci Addressing)_(Part 1 of.2) (037226) 2020 > 50,000 FEMDM Yal 2 (8/62L



Read T Weite 7 Read T Write I T

No Name ALD 7 S L Cycle 0 S Cyz T L
T3 T4 5 T6 17 18 Tl T2 3 T4 15 T6 17 8 TI 12 [ ™ [ 14 T5 T6 17 18 T 12 3 T4 15

1 | Sense Trap Request Lines LA103

2 | 1S New PL Zone Gate KASTI F

3 | LS Current PL Zone Gate — { 1 | ™ - —

4 | New/Current PL New/current PL's may differ

5 | CE LS Select cC222

6

7_| Fixed X-Address LA412 Z f— - Z 7—L_‘l :

8 | 'ToReg' Select LA402

9 | 'From Reg' Select LA411

10 | LS 1o SAR KB411

11| LS to MAR

12 | LS to FDR KB401

13 | LS to TOR |

14 [ MAR to LS LA702-712 = h F .

115 | Set ALU (/O Bus) to LS

16 | LS Write LA302/313
17
| 18 | Set Address Check RAS01
1 19 | Branch Go RA502 Unconditional
20| 4 by 1 RA402
21 | Increment by 2 RA403 — kj
|22 1 D by RA40
| 23 | Decrement by 2 RA402

24 | Prevent Mod-SAR-Inh Check | kASI1 M

Prevent Storoge Use MA402
SOR to Inh MA401 0-15to 0-15 0-15 to 0-15
SDR to Op Reg KB102
SDR to TDR KB402
| Eight Shift Control RB162 —1 Undefined 1 _ 1 No shift 8 o shift
Shift by 2 or 4 RB161
0-15 0-15

No Shift RB162

Normalize Sign Active

25
26
27

| 28
2
k)

| 31|

| 32 |

i Test Packed Byte or Sign | RA502
35
3
7
®

| 39 |
40
4
4
43
4“4
4
4
4

Suppress RBI71
ALU to FDR AA303
Reset FDR/Retain FDR 0-7 | AA303/KB411
Invert Switch Control RB301 True 0-15, invert 8-15 = /true 00/ True 0-15, invert 0-15 = /0000/
ALV Control Gate AA301 OE OF
Additional Carry AA302 ]
| 44 | Six Correction 8-11/12-15
Set Carry Latch AA402
Set Condition Code Latches
ALU to Inh MA401
| 48 | ALU to SAR KB411 A A
49
| 50 | Dota Switch to Op Reg KB402

51 | Op Reg to Address Bus KA541

| 1/O Display Address Out _ *—
Allow Strobe

1
SENS Strobe/Control Strobe | BA102 (Displ SENS strobe) H H

Sense Reset/CTRL Strobe

Prevent ALU ond SU Check | BA103

1/0O Bus to FDR

tfoplelehlrllklalklls

Set ALU Test Latch cci21

SA Any chk [SA/Niod Any chk_ oA
Set Process Check ccz o _—

Set LSA Check CC221

TS

Set Mod Check ccion

15
Set SU Check ccioz
Set ALU Check Any check

Set Bus Check

ERSIERCIE

Set SAR Check ccion
Set Inh Check Cycle 0 of next microinstruction

Function signals: ACycle Cycle IS “Do not care" signals: ACycle T3 Cycle S

° Diogrom 5-21. Branch Unconditional (Indirect Addressing) (Part 2 of 2) (03726A) 2020 > 50,000 FEMDM Vol 2 (8/69)



| Mnemonic |

Microinstruction Layout -
ol 1J2]3]4]5]6]7 8ol 1z2] 18] 14]15
T Fi
LS register 4 of the current (Current zone) Op(iiidel T | o Reg : ~om Reg
LS zone (defined by the current 8 0 0 1 0 0 0
program level) is stored into the Lsreg4 | D C B, A LSreg [ Zone
‘from reg" of the LS zone remains v zone 2
specified in the 'to reg’ field. SGHES GREHEhgS: before execution
A 4 INST MNEM OPERANDS STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX Format
LSreg 1 I B A l 8221 STR 2,1 Rl PL2*=R4
zone 2 p
after execution
Type
Note: For "Do not care" functions
ACycle 0 [ 1 [ r.
refer to timing chart below.
Cycle 0 | I |
Read Wiite "Do not care" signals:
T 2 B 4 15 6 v [ s [ n 2 [ 3 [ 4 [ w [7v [ 8 [ 2 [ 1 [ [ % [v [ ® [n 2 [ B | 4 |15 % [ v [ [ n 2 s [ 4 [ 15 w [ v [ s [n ACycle T
Cycle W
CORE STORAGE —— Read out and
regenerate micro-
From Reg
i
D C B A
0 Crrith
D C B A
A
h 4 N
ALU | OE >
A <
' D
0 0 0 0
4
LS Reg 4 From Reg (LS reg 1 of LS zone selected
by the "fo reg’ field)
D C B Af (Current zone) D C,B A
iar 1 1AR
=
00 2 8 0,0 4
L80u0 2J Note: Zone selected by the 'fo reg" field
I | in the instruction
[ |
| |
! _Y _
| MmaR T
| I +2
| L8 0,0 21 |
|
sk~ — 71
!
LB 0_‘_0 2J

Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines.

Diagram 5-22, Store Zone Register (Part' 1 of 2) 203727) 2020 > 50,000 FEMDM Vol 2 (8/69)



Read Write 1 T
No Name ALD ’ B ST : L L —
T3 T4 5 16 17 Tl T2 ] 13 T4 15 T6 17 18 hil 12 3 T4 15 T6 18 hil T4 15 16 il T2 T4 T5 Té il T2
1 | Sense Trap Request Lines LAI03
2 | LS New PL Zone Gate KASTI
3 | LS Current PL Zone Gate —— ———-r:
4 | New/Current PL M New/current PL's may differ
5 | CELS Select cca22 ’
6
7 | Fixed X-Address LA412 7 z z 4 >
8 | 'To Reg’ Select LA4O2
9 | ‘From Reg' Select LA41 —
10 | LS to SAR k8411
1| LS to MAR
12 | LS to FOR KB401
13| LS 10 TOR |
14 | MARto LS w702-712 | F
115 | Set ALU (1/O Bus) to LS
16 | LS Write LA302/313 H
17
118 | Set Address Check RASO1
19 | Branch Go RAS02
120§ & by 1 RA402
21 | Increment by 2 RA403 'é;
| 22 | D byl RA401
23 | D by2? RA402
24 | Prevent Mod-SAR-Inh Check | KASI1
25
26 | Prevent Storoge Use MA402
27 | SDR to Inh MA401 0-15 to 0-15
| 28 | SDR to Op Reg KB102
29
30 | SR to TOR KB402
| 31| Eight Shift Control RB1G2 —Undefined — "
| 32 | Shift by 204 RBI61
33| No Shift RB162 M
| 34 | Tost Packed Byte or Sign | RAS02
| 35 | Normalize Sign Active
36 | Suppress RBI71
k74
|38 | ALU 1o FDR AA303
| 39 | Reset FDR/Retain FDR 0-7 | AA303/KBAI1
| 40 | Invert Switch Control RB301 True 0-15, invert 0-5 = /
4
| 42 | ALU Control Gote AA301 OE
43 | Additional Carry AA302
| 44| Six Carrection 8-11/12-15
| 45 | Set Latch AAdO2
| 46 | Set Condition Code Latches
47 | ALU to Inh MA401
| 48 | ALU 1o SAR KB411
49.
50 | Data Switch to Op Reg KB402
51| Op Reg to Address Bus KAS4! — .
| 52 | 1/O Display Address Out
| 53| Allow Strobe
| 54| SENS Strobe/Control Strobe | BAIO2 (Displ SENSS strobe) H —
| 55 | Sense Reset/CTRL Strobe
| 56 | Prevent ALU and SU Check | BAT03
57 | 1/O Bus to FDR
58
| 59
r_@
Al
| 62
63
o4
| 65
66
| 67 | Set ALU Test Latch cci21 - S .
_g_{ Set Process Check cC122
| 69 | Set LSA Check CC221 m__
F& Set Mod Check cciol \
| 71 | Set SU Check cclo2 1 T8
| 72 | Set ALU Check > Any check
73| Set Bus Check ‘
74 | Set SAR Check | ccion |
_7_5J Set Inh Chack / Cycle 0 of next microinstruction
Function signals: ACycle Cycle IE "Do not care" signals: ACycle ] Cycle BT
Diagram 5-22. Store Zone Register (Part 2 of 2) (03727A) 2020 > 50,000 FEMDM Vol 2 (8/69)




Mnemonic

Microinstruction Layout LR
‘ ’ : ol J2TsfalsTe 7 8o o]0zl ]zl
The ‘o reg" field specifies an . Op Code To R From Re
LS zone (0 fo 7), the 'from reg" 5 Tol o1 <2 B
of whichis Iooded nto L5 L5 eg | gt 0, 1279 ] aleli b Lol =
register 4 of the current LS zone 2 T before operation e

zone (defined by the current

h remains unchanged
program level (PLI*.

R INST MNEM OPERANDS STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX Format

after operation

?///////////////////////4//% A Cycle 0 [ [ ‘ [ I Ntf.vfe:f Fc:f "'Do n;:f c;ogel“ functions
.. ~— " ~°<_ 7 Cycle 0 1 [ [ i refer to timing chart below.
0000 ] RT I I Wfi'e T | : | | l I r r I l T I [ r | | "Do not care" signals:
12 T4 T5 T6 7 T8 T T2 3 4 15 16 7 T8 n 2 3 4 15 16 7 T8 i 2 3 T4 15 16 7 T8 m 2 | m [ |1 v [ v [ 1w [ n ACycle T
Cycle EH ]

From reg

su CI111m

‘E
[j C
ALU OE —>
B
A

A
0 0 0 o
lnvert sw
y
From Reg (LS reg 1 of zone defined LS Reg 4 (Current zone)
by the 'to reg" field in
A B C D the instr) A By C D
1 1
Mag — 71 1AR
| 8 010 4 Note: Zone selected by the
'to reg' field in the instruction.

|
1

IrMAR

"
La_o+o_2J
i
1
1
!
|
|
[

| +2
8.0 0 24 |
I

i"_l

L8_040_2

rSA R

‘

Functions performed during cycle time are shown by foll lines and functions performed during A cycle time are shown by dotted lines.

Diagram 5-23. Load Zone Register (Part 1 of 2)  (03728) 2020 250,000 FEMDM Vol 2 (8/69)



Read Write |
No Nome ALD 7 XTSI Cycle 0 : :
13 T4 15 T6 7 i) T W | 14 15 T6 17 T8 Tl T2 ji£] T4 15 T6 il 12 T4 15 16 hi] 12 T4 15 Té mn
1 | Sense Trap Request Lines LA103
2 | LS New PL Zone Goate KA1 H
3 | LS Current PL Zone Gate | ——]
4 | New/Current PL M 74 \\“« AAAMTNRN NN FTTTTYITTTSR VORI SN
5 | CE LS Select CC222
6
| 7 | Fixed X-Address A2 z % Z !4
8 | 'To Reg' Select LA402
9 | 'From Reg' Select Al
10 | LS to SAR KxBall
11 ] LS to MAR
12 | LS to FDR KB40
13 | LSto TDR
14| MAR 1015 w2 | —
[ 15 | Set ALU (VO Bus) 1o LS
| 16 | LS Write 1LANR/313
17
18 | Sot Address Check RASOY
| 19 | Bronch Go RAS02
| 20 { 4 byl RA402
21 | Increment by 2 RA403 R ]
| 22 | D« by 1 RA401
[ 23 | Decrement by 2 RAKG2
24 { Provent Mod-SAR-inh Chack | KASI1 P —
.25
26 | Prevent Storage Use MA402
| 27 | SDR to Inh MA401 0-15 to 0-15
28 | SDR to Op Reg KB102
29
| 30 | SR 1o TOR KB402
| 31 | Eight Shift Control RBI&2 [ Undefined [ 1 ___ Noshift s
| 32 | Shiftby 2 or4 RBIS]
33| No Shift RB62
| 34 | Test Packed Byte or Sign RA502
35 | Normalize Sign Active
36 | Suppress RB171
37
| 38 | ALU 1o FDR AA303
| 39 | Reset FDR/Retain FDRO-7 | AA303/KB411
| 40 | Invert Switch Control RB30 True 0-15, invert 0=15 = /0000/
4
42 | ALU Control Gate AA301 OF
43 | Additional Carry AA302
| 44 | Six Correction 8-11/12-15
| 45| set Latch AA02
| 46 | Set Condition Code Latches
47 | ALU to Inh MA401
| 48 | ALU to SAR KB4l
49
| 50 | Data Switch to Op Reg K402
51| Op Reg to Address Bus KAS541 —
| 52 | 1/O Display Address Out
| 53 | Allow Strobe
| 541 SENS Strobe/Control Strobe | 8A102 (Displ SENSS strobe) H M
| 55 | Sense Reset/CTRL Sirabe
56 | Provent ALY ond SU Check | BA103
| 57 | 1/Q Bus to FDR
58
| 59
&0
6l A
| 62
63
o4
66
| 67 | Sot ALU Test Lovch cc _ I R
66 | ot Procom Check caz
| 69 | Set LSA Check cc221
| 70 | Set Mod Check ccion .
| 71 | Set SU Check ccioz AT8
| 72 | Set AW Check Any check
| 73 | Sot Bus Check
| 74 | Set SAR Check ccion
[ 75 | Set inh Check r; Cycle 0 of next microinstruction
Function signals: ACycle Cycle D "Do not care” signals: ACycle T3 Cycle ST

Diagrom 5-23. Load Zone Register (Part 2 of 2)

(03728A)

2020 > 50,000 FEMDM Vol 2 (8/69)




From reg

Mnemonic

A Cycle 0 - Cycle 0 (read out next microinst)

Microinstruction L S
e P3N 73 6 7S 8 P 5 N K Y A R M T -
The 'from reg’ is split according remains unchanged — Op Code Split | AC To Reg From Reg
to the selected split mode (0 to 3). , 8 [1lo o [ o [ MVHS 0
The result of the split is set into the Split mode 0 1 t [ oD L) MVHS 1
Pt e e o e v // 7 0 o Without effect MVHS 2
ot b o v mombard ity ,,////// / ﬂ/ ‘ M e
placed info the next highest LS % ) //W 2
register will be lost. “//%/ 3
Address check is ignored. The INST MNEM OPERANDS STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX Format
R o o ey b he o ™Mo o s P s 2o Ra 000 12115,R5 w0/, 011 i
some LS register. 8c25 MVHS 2,5,2 R2+=SL 2 '000'/R5.0-3, R3 ='0'/R5.4-15 T
To reg 4 To reg +1 ve 8E25 MVHS  2,5,3 R2+=SL 2 '000'/R5.12-15, R3 =10'/R5,0-11 ype
' | ] DD
[Sreg 2 IE
7 L Cyele 0 [ 4 Cycle 2 1 [ [
7 / /7 777727777777 . 2 | |
////////// 7} - e ////////////////////////////////////////////////////////// | | T e T — e
3 T4 6 7 T8 n 2 3 T4 15 16 7 T8 m T2 3 T4 15 16 7 8 m T2 13 T4 15 16 7 18 m
CORE STORAGE —— Read out and
regenerate micro-
instroction
e P ——— =
0 /o T A B A B ' ¢C D
No Shift MVHS 0 No Shift l MVHS 0
0 0 A B 0 S D
TOR TOR
ABCOD A B ¢ D A B C D B D
I No shift MVHS 1 0 A B C MVHS 1
No op eg bits B 12 U /R
= 0 o , o D 0 A B c
0 /o A B A B ' C D
s MVHS 2 U No Shifr MVHS 2
0 0 B, C D
A B c D A T c
10 MVHS 3 0 B C MVHS 3
W///// ///---
0 A 8 c
| 1
4 y
o] - o]
A
00 0 o 0 0 0 o0
Invert sw
I
From Reg | (LS reg 5) ToReg +1 | (LSreg3)
) ABCD 0 00,cCoD
E-];E"" L 1AR ' ZDI
'L§_°.+3_Z: _]; 8 0,0 4 J(Ns) 0 A B C
1 1
o
E. :—MR-*-—— . aCycle 2-Cyele 2
po e
PoLB00 2,
v
T SAR H
1
L80,02;

Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines.

Diagram 5-24. Move Halfword and Split(DD) (Part 1 of 2)

03729)

2020 > 50,000 FEMDM Vol 2

(8/69)

Note: For "Do not care" functions
refer to timing chart below.

"Do not care" signals:
ACycle [
Cycle W]



- Re:de 5 I irte V////////////////////////////////////////////////A i [~ ' 1 | |

No Name ALD % Gele 0 Cyele 2 — .
13 T4 T5 76 7 8 il 2 T3 4 5 76 7 T8 il 72 I A ) 5 76 7 78 il i i i) 5 6 7 8 il 2 T3 3 75 76 7

1 | Sense Trap Request Lines LA103 H

2 | LS New PL Zone Gate KAST1 -
3 | LS Current PL Zone Gate —— i .F

4 | New/Current PL L L - —

5 | CELS Select cca Note: The o reg" is increased by 1 by forcing the
: . . . _ _ — "To reg" in the instr increased by 1 ‘;;V;:;f:; ,‘;';reg,. - o0

ixed X-Address LA412 A | / \ Force Bit = 011 (3)
8 | 'To Reg' Select LA402 '_\ Thuls,.spn( can be performed only when 'to
Reg de L reg' field in the instr contains an even

9 | 'From Reg' Salect LA4II H- \ / binary number.
10 1510 5AR K841l N —

1|15 1o mar %

12 | 15 1o FOR KB401

13 | 150 TOR

14| MARto LS LA702-712 | ¢ -

15 | Set ALU (1/O Bus) to LS

16 | LS Write LA302/313 H ﬁ

17

18 | Set Address Check RASO1

19 | Branch Go RAS02

20] byl RA402

21 | Increment oy 2 RA403 LI LTI s A Ao NI A I EAN A YL O

22| o by RA401

23 | Decrement by 2 RA402

24 | Prevent Mod-SAR-Inh Check | KAS11 T —

25

26 | Prevent Storage Use MA402

27 | SDR to Inh MA401 (RERE A ok A

| 28 | SDR to Op Reg KB102

30 | SDR to TDR KB402

31 | Eight Shift Control RB162 JOROZ o sUB 1o ool — DR

32 | Shift by 20r 4 RB161 MVHS 0

33 | No shift RB162 ! [P CHE

36 | Suppress RBI71 ! ' /o7 ' [ ' ' [ [ | o7 | | | )

31| Eight Shift Control RB162 | Undefined | _ | _ L 1 | Noshps [ [ [ |} | | Noshiftg | | |

32 | shiftby20r4 RBISI MVHS 1 0 [ [ shiftrightbyd | [ [ |

33 | No shift RB162 SE |

36 | Suppress RB171 . (' [ o0 | [ [ | 0-3

31 | Eight Shift Control RB1E2 —_——=——_—

32| Shiftby 204 RB161 MVHS 2 [ 1 1 [ shiftrightby2 | | [ |

33 | No Shift RB162 .

3 | Suppress BTl 0-7 and 14-1 ' ! | 03 [ [ ]

31 | Eight Shift Control RB162 [ Undefined | —_!__——____ ‘

32 | Shift by 20r 4 RB161 MVHS 3 —__W_______—_

33 | No shift RB162 |

36 | Suppress RBIZI ki —

38 | ALU to FDR AA303

39 | Reset FDR/Retain FDR 0-7  [AA303/KB411

40 | Invert Switch Control RB301 True 0-15, invert 0-15 = /0000/ True 0-15, invert 0-15 = /0000/

Al

42 | ALU Control Gate AA301 OF T \ OE

43 | Additional Carryl AA302 / \

44 | Six Correction 8-11/12-15 / \

45 | set Carry Latch AA402 nd op

46 | Set Condition Code Latches cycle 0

| Ao s /it \

48 | ALU 1o SAR K411 / anodd binary number \

50 | Data Switch to Op Reg KB402 /

51 | Op Reg to Address Bus KA541 =

52 | 1/O Display Address Out

53 | Allow Strobe

54 | SENS Strobe/Control Strobe | BA102 Displ SENS s'robei H #

55 | Sense Reset/CTRL Strobe

56 | Prevent ALU and SU Check BA103

57 | 1/O Bus to FDR N

67 | set ALU Zero Latch ccizn

68 | Set Process Check CC122 L —— LV —— L

69 | Set LSA Check cc22 W .

70 | Set Mod Check CcCl101 l

71 | Set SU Check cc02 ( 2 Te m— AT8 IMVHS0 8-15, others 0-15

72 | Set ALU Check >A"Y check

73 | Set Bus Check | )

| 74 | Set SAR Check cclol | % H .
75 | Set Inh Check m | Cycle q of next microinstruction

Function signals: A Cycle 22 Cycle MEE Do not care" signals: ACycle 3 Cycle L]

® Diagram 5-24, Move Halfword and Split (DD) (Part 2 of 2) (03729A) 2020 > 50,000 FEMDM Vol 2 (8/69)



Mnemonic
From reg _"T'—“M[—y————l Microinstruction Layout MVHS
The halfword read out by the IF the AC bit (instruction bit 7) s Lo T 1 T o [ 2 reads out A B | C , D |NRemainsunchanged ol 1 ]2 3Ta]slel7 18l o tolnliz]is]elis
‘from reg' is split according is on, an address check occurs before execution Op Code Split } AC To Reg From Reg
to the selected split mode (0-3). when the *“from reg' address is 8 [71o o [ 1] MVHS 0
The result of the split is set into outside customer area. The 'from / Split Mode 0 1 L) DX LY MVHS 1
::ir:'se;: ‘(’-ﬁ ::'n::;') his]';r .';: reg' address is incremented by 2. WW,}W Y 1.0 If on, 'from address' is checked that  MVHS 2
reg' must be an even ‘numberad The core storage lhalfw?rd read + W//////////M“%% 1 -l_ l_ it is not outside customer area MVHS 3
b ohaiate oo e i 7 wey : e
higher LS register is lost 5] o Vi 3
From re; Format
:gj:: ) ~ Mo INST MNEM OPERANDS STATEMENTS AGCORDING TO STANDARD CEB 0-1046-XXX
:fsr:ge:ecuﬁog ] —t T S Dot los 890E MVHS  0,61,0,AC RO+=100'/HW(R6,AC). 0-7,R1 =100'/HW(R6, +2). 8-15 FF
8BOE MVHS 0,6I,1,AC RO#=1000'/HW(R6,AC). 12-15, Rl =10!/HW(R6,+2).0-11
To re \ To reg +1 Yes 8DOE MVHS 0,6I,2,AC ROx=SL 2 1000'/HW(R6,AC). 0-3,R1 ='0'/HW(R6, +2). 4-15 Type
L_ﬂ . J 8FOE MVHS 0,6I,3,AC RO+=SL 2 *000*/HW(R6,AC). 12-15,R1 =40* HW(R6, +2). 0-11
LS reg 0 ~ LSreg 1 DX
%4/////////////////////////4 ACyele0 [ ACycle 1 [ ACycle 2 [ ]
N 6kék T N 7 Cyeleo [ et W Cycle 2 I [
| Recd Wit Reod Wit 07277777777 7
T 2 76 [ 7 [ 8 [ 2 | B | 4 [ 1 w [ v [ 8 [ n 2 [ 1B [ u [ 16 7 18 i T2 5 4 15 % [ 1 B [ n 7 | 13 [ u [ % [ w [ 8 [ n
CORE STORAGE ——» Read out and Read out and
e e
- - - - — - = — - 1 1 Y e e e
i
SR to-n
| —]
LAB,CcD}
TOR [
AB.CD
Not op reg bit 8, but bit 12 -
= DX type - v
0 0o ' A B A B C D
0 e | M bz | "
[ 0o, A B 0 0o, ¢C D
A B ' C D B
No Shiff MVHS 1 0 A B T MVHS 1
[ 0o, o D 0 A B C
su -7 su
0 ?QA& B A B C D
00] o [ A__J10]| MvHs2 No Shift MVHS 2
o mm 1" T T
0 0o |, 2 8 0 B, C D
A 8 c D A B
0] 8 C D [00]| MvHs3 ) A B C MVHS 3
[ o, 3 4 0 A .8 C
y
7
00 00 00 oo
Invert sw .
:"F-r;n-ﬁ;_ -'i f l:ro:n-Re-g-—E (LS reg &) ToReg H1 | (LS reg 1)
H 2! Yo 1,0 4! 0 0jooco
S . L?-‘.fi’-.: L__‘I.__J | Py e
| 1AR L, IAR (Nsh ! I 2[o08,cD
L8002 | 8 0.0 4 ! ! 3[0a,8cC
! ? ! | I
! i ! i
| : ! ?
R S . .
! :MAR :: +2| EMAR [ & Cycle 2 - Cycle 2 l
IoLEo0 2] LeLo 2
1 H ~=" Yes
1 r-————--- - AC )
| ; -- o roat
TR rs:,;t"'vl
{s 0021 Lo oz » |
A Cycle 0 - Cycle 0 (read out next microinstr)

Functions performed during cycle time are shown by full lines and functions performed during A cycle fime are shown by doffed lines.

® Diagram 5-25. Move Halfword and Split (DX) (Part 1 of 2) (03730A) 2020 > 50,000 FEMDM Vol 2 (8/69)

Note: For "Do not care" functions
refer to timing chart below.

"Do not care" signals:
ACycle C
Cycle W]



head L e | D e T I —
No Name ALD Cycle 0 Cycle 1 Cycle 2 .
3 T4 15 6 7 8 il 7 T3 i3 5 76 7 8 il 2 i&] i) i T8 7 T8 T 72 I 75 15 7 8 il 2 3 i} 75
1 | Sense Trap Request Lines LA103
2 | LS New PL Zone Gate KAS11
3 | LS Cument PL Zone Gate — ] r
4 | New/Current PL New/current PL's may differ
5 | CE LS Select cc222
6 Note: The to reg' is increased by 1 by
7 | Fixed X-Address LA412 W___ﬁﬁ» 1 1 { > P d éfi.iﬁ,l"?rl";, go'nioro r(i)'(z) l
8 | *To Reg' Select LA402 Force bit = 011 (3)
9 | *From Reg' Select LAt s e \ /) oo v ek
10 | LS 1o SAR KB411 N contains an even binary number
11§ 15 1o MAR
12 | 15 1o FOR KB401
13| 1S to TOR
14 | MAR 1o LS WA702-712 | ¢ —
15 | Set ALU (/O Bus) to LS
] e j— —
17
| 18 | Set Address Check RAS01 If AC bit =1 (High/low, halfword boundary)
| 19 | Branch Go RA502
20 | by 1 RA402
2] | Increment by 2 RA403
122 | O by 1 RA401
23 | D by 2 RA402
| 24 | Prevent Mod-SAR-Inh Check | KASI1
|52
26 | Prevent Storage Use MA402
27 | SDR to Inh MA40l 0-15 1o 0-15 15 0 0-15 G510 015
| 28 | SOR to Op Reg KB102
SOR to TOR K8402 H
31 | Eight Shift Control RB162 TOR 0-7 to SU 8-15 only TOR 0-7 to SU 8-15 only — Y]
32| Shiftby 20r4 RB161 MVHS 0 r
| 33 | No shift RB162 t 015 Lk 015
| 36 | Suppress RB171 07 B =
| 31 | Eight Shift Control RB162 (—Undefined _|__ __f __ No shift 8_ Nochift 8 No shift 8
| 32| shiftby20r4 RB161 MVHS 1 ift right
133 | No shift RB162 015 it
36 | suppres 8171 (il 0-11 93
[ 31 | Eight Shift Control RB162 TDR0-7 to §U B-15 oply TDR 0-7 to SU 8-15 onl - No shift 8
32| shiftby zard . IMvHS 2 Shift right by 2 Shift right by 2
33| No shift RB162 |
36 | suppress w8171 r 07 and 14715 ISR S S M U R R
31| Eight Shift Control RB162 (—Undefined _{_ — No shift 8 L Neshies L ) L Noshits [ [ |
(2 shitrby 2004 el Toves 3 k Shifi Tef by 2 [ 1 shiftlenrbyz | [T [ R R,
No Shift IRB162
i Suppress RBIZI h? 0-9 0-9 0-3
38 | ALU to FDR AA303
39 | Reset FDR/Retain FOR 0-7 | AA303/KB411
40 | Invert Switch Control RB301 True 0-15, invert 0-15 = /0000/ True 0-15, invert 0-15 = /0000/ True 015, invert 0-15 = /0000/
42 | ALU Control Gate AA301 OF O OF
43 | Additional Carry AA302
44 [Six Correction 8-11/12-15
45 | Set Carry Latch AA402 End op
4 | Set Condition Code Latches / cycle 1
Z] Awroim s [ hermeoman \
48 | ALU to SAR KB411 / an odd binary number \
150 | Data Switch to Op Reg KB402
151 | Op Reg to Address Bus KAS41 - I
152 | 1/O Display Address Out # *
Jﬁ Allow Strobe |
| 54 |, SENS Strobe/Control Strobe | BA102 (Displ SENS strobe) Hﬁ H  S—
| 55| Serse Reset/CTRL Strobe
56 | t ALU and SU Check | BA103
57§ 17O Bus to FDR
| 67 | Set ALU Test Latch cci21
[0 | sot Proces check can LSA Any chk , [SA/Mod Any chk TSA/Nod Ay hk I |
| 69 | Set LSA Check ccaz ey, B H
| 70 | Set Mod Check cclol l .
[ 71| Sot SU Chock cae [ ] ATS A TS Argiwlso 8-15, others 0-1
| 72| Set ALU Check Any chk
73 | Set Bus Check {
4 | Set SAR Check ccio ' M %
| 75 | Set Inh Check /] Cycle 0 of next microinstruction

Function signals: ACycle Cycle BN "Do not care" signals: ACycle 3 Cycle BIC

® Diagram 5-25. Move Halfword and Split (DX) (Part 2 of 2) (03730A) 2020 > 50,000 FEMDM Vol 2 (8/69)




Microinstruction Layout

Mnemonic

From Reg (LS reg 3)

DO D1, D2 D3

8 0,0

4§ (NS

To Reg

Shift Result

|
|
|
|
|
|

(LS reg 3)

Example: Shift left by 2 o 1OJ 2 [3]a 5J5hi6hl 7 18] iolklg [uT2 Igiri ;g] 15 SLM
The 'from reg" is shifted left or o [ Ji SLM
gt o s [ o1 i s |
micrﬁipsgcx‘okr;);mtte 'Shi?he before execution [ 1010 1011 | 11 oo 1101 b
“From reg! remains unchanged.

Format
L°5' T STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX FF
LS reg 3 ,_10 1010, 110 0011, 01 00 R3.25L0 B3 -~
after execution AL F |3, a4
oD

//////////////////////// I I

. " T 7 Creleo [

| // ////////////////// Reod wie

B [ n 2 [ 1B | 14 [ 15 v [ 7 [ s [ n i [ T4 [1s [ v T8 m

CORE STORAGE ——= Read out and

regenerate micro-
instruction ) e e e e e L e e e e e e e e -
TOR
gm Eg:g DO D1} D2 D3
Y
[ SR
: ;%l OR {— —————————————————————————
IR I |
[ ool
i Result o
SLM 000
, SLM 001
SLM 010
ALU OF l SLM 100
SLM 101
SLM 110
T o o SRM 000
- v 4 |ors :
SRM 100
SRM 101
SRM 110

Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines.

Diagram 5-26. Shift Left/Right and Mové (DD) (Part 1 of 2) (03731)

2020 > 50,000 FEMDM Vol 2 (8/69)

Note: For "Do not care" functions
refer to timing chart below.

"Do not care" signals:

ACycle




Read I Wiite ] h i [ I I
No Name ALD % XS L Cycle 0 -
13 T4 T5 T6 7 T8 Tl T2 [ 13 | 14 15 16 17 18 il T2 3 T4 15 T6 7 T8 il 12 T4 15 16 n 12 T4 15 T6 hil T2
1 | Sense Trap Request Lines LA103
2 | LS New PL Zone Gate KAS11 H
3 | LS Current PL Zone Gate —
4 | New/Current PL New/current PL's may differ
5 | CE LS Select CC222
6
| 7 | Fixed X-Address LAd12 W_ F:H Z
8 | 'To Reg' Select LA402 —
9 | 'From Reg' Select LA4T1
10 | LS to SAR KB411
11| LS to MAR m
12 | LS to FDR KB401
13| LSto TDR
14| MAR to LS A702-712 | |-
[ 15 | Set ALY (1/O Bus) to LS
16 | LS Write LA302/313 — :
17
| 18 | Set Address Check RAS01
19 | Beanch Go RAS502
120 | byl RA402
| 21 | tncrement by 2 RA403 - —
| 22 | O« byl RA401
23| De by?2 RA402
| 24 | Prevent Mod-3AR-Inh Check | KAS11
25
26 | Prevent Storage Use MA402
27 | SDR to inh MA401 Shift Left Shift Right
| 28 | SDR to Op Reg KBI02 by: by:
2 12 10 8 4 ! 2 0 12 10 8 4
| 30 | SDR to TDR KB402
| 31 Eight Shift Control RBI62 Byte shift left or ri .
| 32 | Shiftby2.or4 RBI61 Left/right by 2 or 4 ]
| 33 | No Shift RB162 L | — J S R O S .
| 34 | Test Pocked Byte or Sign RA502
| 35 | Normalize Sign Active
| 36 | Suppress RBI171
7
38 | ALU to FDR AA303
| 39 | Reset FDR/Retain FDR0-7 | AA303/KB411
| 40 | Invert Switch Control RB301 True 0-15, invert 0-15 = /0000/
]
42 | ALU Control Gate AA301 OE
43 | Additional Carry AA302
| 44| Six Correction 8-11/12-15
| 45 | Set Carry Latch AA02
| 46 | Set Condition Code Latches
47 | ALU to Inh MA401
to SAR KB411
49
| 50 | Dot Switch to Op Reg KBAO2
51| Op Reg to Address Bus KAS41
| 52} 1/O Display Address Out | ___W
| 53 | Allow Strobe N
54 | seNS Swobe/Conol Srobe | sa102 Disp SENS srbe) —
| 55 | Sense Reset/CTRL Strobe
Prevent ALU and SU Check | BA103
| 57 | 1/Q Bus to FDR
58
| 59
80
61
62
63
64
| 65
(2]
| 67 | Set ALU Test Latch cci2i
| 68 | Set Process Check cc122 LSA Any chk | TSA
| 69| Set LSA Check cean H
70 | Set Mod Check cciol
| 71 | Set SU Check cClo2 AT8 =
| 72 | Set ALU Chec<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>