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since the change parity function (bits 8 

to 11 forced to zeros) affects only the 

parity of the ALU output (result). 

TDR AND SHIFT UNIT 

TDR and Shift Unit (Figure 4.100, FEMDM 

2020 CPU) represent the second input of the 

Logical Unit. The TDR is set by data which 

derives either from the LS or from the SDR. 

The TDR data enters the ALU via the Shift 

Unit (SU). 

The SU can shift TDR data by eight, four 

or two bits to left or to right. The SU can 

also suppress (set to zero) the complete 

TDR halfword or selectable bit groups of 

the TDR halfword. 

The SU contains circuits to perform sign 

or packed byte testing and circuits which are 

able to normalize signs according to the 

EBCDIC or ASCII standard. 

For CTRL' s, TDR data is provided to the 

Data Bus after the eight shift circuits. 

TDR 

The TDR is a halfword register consisting 

of 18 latches numbered PO to 15. The TDR 

contents is dis)?layed on the CE console 

when the CE Display Select switch is set 

to TDR. The TDR contents is changed only 

when new data �i�~� set (Reset/Set): 
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The TDR can ·be entered from the SDR or 

the LS always one halfword in length. 

The TDR is. not parity checked. 

Eight Shift 

The TDR output directly feeds the eight 

shift circuits. After the eight shift cir­

cuits the bits are defined as Internal 

(INT) SU bits PO to 15. 

Four eight shift functions are possible: 

Cross Shift 

Eight Shift Left or Right 

No Shift Halfword 

No Shift Byte, 

The four shift functions are controlled by 

four eight shift control signals: 

No Shift - TDR 8-15 to SU 8.15 

TDR 0 - 7 to SU 0.7 

Shift • TDR 0-7 to SU 8.15 (right shift 

by eight) 

TDR 8.15 to SU 0.7 (left shift 

by eight) 

The Eight Shift output is parity checked 

(SU Check). 

Cross Shift: 

Cross Shifting, exchange of highorder and 

loworder byte,' is performed when both shift 

signals (TDR �~�-�7� to SU 8-15, TDR 8-15 to 

BU 0-7) are active during the same cycle, 



IBM CONFIDENTIAL 

Eight Shift Right or Left: 

Only one shift signal, TDR ~-7 to SU 8-15 

or TDR 8-15 to SU ~-7 is active. The not 

affected INT SU bits (~ to 7 or 8 to 15) 

are set to zeros. 

No Shift Halfword: 

When the two No Shift signals, TDR ~-7 to 

SU ~-7 and TDR 8-15 to SU 8-15, are active 

at the same time, the halfword in TDR is 

moved to the INT SU bits (P~ to 15) without 

shifting. 

No Shift Byte: 

Only the No shift signal TDR 8-15 to SU 

8-15 is active. The loworder byte in TDR 

(P1 to 15) is moved to the INT SU bits 

P1 to 15. The highorder byte (INT SU bits 

P~ to 7) is set to zeros (TDR remains). 

No Shift Halfword and Cross Shift are the basic 

function of the Eight Shift circuits. No Shift Byte 

and Eight Shift Right or Left are sub-functions 

which are achieved by additionally controlling the 

No Shift Halfword or Cross Shift control signals. 

For details of shift control signal generation refer 

to figure 4-101 in the FEMDM. 

Eight Shift Parity 

Eight Shift functions do not affect the parity. 

Thus, the TDR parity bits are transferred 

with the corresponding byte and become the 

INT SU parity bits. 

The parity bit of a byte set to zero by not 

No Shift and not Shift is forced on by circuits 

to provide odd parity. However, for inverted 

operations (Invert Parity Latch active) forcing 

of the parity bit is suppressed (even parity). 

Incorrect parity (even) of the INT SU bits 

(highorder or loworderbyte) activates the 

SU Check latch and the corresponding indicator 

on the CE console turns on. The check is 

inhibited during CPU Senses (Prevent ALU 

and SU Check). 

Shift Unit 

• The internal (INT) SU bits, provided by 

the Eight Shift, can be shifted by 2 or 4 

bits to the left or to the right. 

• Shift is performed on halfword basis. 

• The SU output bits can be suppressed 

in groups of 4 (highorder byte) or 2 

(loworder byte) bit groups. 

• Normalize Sign allows standardization 

of the packed decimal signs ( I AI to 

IF I valid) according to the required 

standard code (ASCII or EBCDIC). 

• The SU output is displayed in Data 

Register display P, I, U, and L. 

The internal (INT) SU bits (PO to 15) pro­

vided by the Eight Shift circuits are used 

as input data for the Shift Unit (SU). 

Data is fed through the SU either shifted 

by 2 or 4 bits to the left or to the right, or 

unshifted. Data is shifted on halfword basis. 

Bits shifted out of the halfword are lost, 

while the additional bits are set to zeros. 
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The output of the SU provides data to one 

ALU entry. The output of the SU can be 

suppressed (set to zero) either partially 

or completeiy controlled by the Suppress 

circuits. Also circuits are provided to 

standardize signs to test for correct sign 

bit pattern and to test for packed decimal data. 

The output of the SU is 

constantly displayed in the Data Register 

display (Customer console) E (P~ to 3), 

S (4 to 7), T (PI to 11), and R (12 to 15). 

Shift by 2 or 4 

• Shift by 2 or 4 is performed during SLM, 

SRM and MVHS only. 

• A shift by any amount of bits to the left 

has the effect that the respective binary 

high order bits are lost and an equal number 

of free binary low order bit positions are created. 

These low order positions are set to zero. 

A reverse situation occurs with the right shift. 

Shifting by 2 or 4 bits left or right is performed 

by AND switch combinations which are activated by 

one of the four shift control signals (Figure 

4-1~1, FEMDM 2~2~ CPU): 

Shift Left by 2 

Shift Left by 4 

Shift Right by 2 

Shift Right by 4 

Only one of these signals is active at a time. 

However, the shift by 2 or 4 can be com. 

bined with shift by 8, since Eight Shift and 

SU operate independently. 

The shift control signals are only generated 
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for SLM, SRM, or MVHS (1, 2, 3). 

For SLM and SRM, the shift which shall be 

performed is specified in the micro.instruc. 

tion bits 5, 6, and 7 (OP REG bits 5, 6, or 

7). Bit 5 on activates the Eight Shift control. 

Details of shift control signal generation 

are shown in fig. 4.101 in the FEMDM. 

For example the MVHS 1 causes generation 

of the Shift Right by 4 signal during cycle 2. 

No Shift Control for ADDI 

• 

• 

• 

Suppressing the No Shift 0.7 signal 

causes forcing of ones into the high. 

order SU byte. 

The highorder SU byte forced to ones 

allows extension of a negative imme. 

diate data byte to a negative binary 

halfword number. 

A positive immediate data byte causes 

suppressing of the highorder byte set 

to ones. 

For ADD! the control signal 'No Shift ~ 

to Tis suppressed. Since also no Shift by 

2 or 4 signal is active during ADDI no control 

signal affects the bits ¢ to 7. This condition 

forces turning on the bits ¢ to 7 (hexadecimal 

IFF/). 

The SU bits ~ to 7 (highorder byte) forced 

to ones extend the immediate data byte (low­

order) to a negative binary number one half­

word in length (IFF .. I)'L Since for ADD! the 

highorder byte in SU is -generally forced to 
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ones the suppress circuits are controlled 

according to the sign bit (OP REG bitS) of 

the immediate data byte. Sign bit off. indicating 

a positive binary value, causes suppressing 

of SU bits 10 to 7. Since suppressed bits are 

set to zeros the immediate data byte is extended 

by zeros which is true for a positive binary 

number. 

Sign bit on. indicating a negative binary value, 

allows that the bits 10 to 7 (forced to ones) 

are provided to the ALU. The immediate 

data byte extended by ones (IFF I) represents 

a negative binary number one halfword in 

length. Addition of a negative value is similar 

to a subtraction. 

Normalize Sign 

• During SDS the packed decimal sign 

(/ AI to IF I) provided by bits 12 to 15 

of the loworder INT SU byte is standardized 

according to the selected code (ASCII or 

EBCDIC). 

The NorITIalize Sign circuits are used to con­

vert a packed deciITIal sign provided by the 

INT SU bits 12 to 15 into the standard sign 

according to the selected code (EBCDIC or 

ASCII). 

The ciTcuits are active 

during the SDS micro-instruction (Normalize 

Sign signal). Within the CPU the hexadecimal 

values I AI to IF I are accepted as valid signs. 

The values IA/, Icl, lEI and IFI are 

considered as positive signs, while IBI or 

IDI is accepted as a negative sign. 

Standard Sign EBCDIC: 

+ Ici (111010) 
- = IDI (11101) 

Standard Sign ASCII: 

+ I AI (1010) 
- = IBI (11011) 

The three highorder bits of a standardized 

sign are similar for minus or plus. Thus, 

for standardization the three highorder bits 

(SU bits 12, 13, 14) can be forced directly 

depending upon the selected standard code 

(EBCDIC = 1110. ; ASCII = 101.). The 

selected code is defined by the ASCII latch 

turned on (ASCII) or off (EBCDIC). See 

figure 4-100 in the FEMDM. 

The 10worder bit (SU bit 15) has to be 

turned on or off to define a negative or 

positive sign. 

The turning on or off of the loworder sign 

bit is controlled by the Normalize Sign Bit 

15 signal, which is active (negative) when the 

sign is negative. 

Since all sign representations have the bit 12 

turned on, only the bits 13 to 15 have to be 

investigated to define the sign polarity. 

The Normalize Sign Bit 15 signal is active 

when INT SU bit 15 is present and either the 

bit 14 (/DI, 11(01) or the bit 13 (/B/, 

1(011) is off. This condition defines the 

characteristics of both negative signs, IBI 

and IDI, only. The bit patterns of the positive 

signs cannot activate the Normalize Sign Bit 15 

signal and, thus, SU bit 15 is set to zero 

for standardized positive signs. 

2020 FETOM (5/68) 2-77 



IBM CONFIDENTIAL 

Normalizing Signs does not affect 'the parity 

(number of turned on bits in the loworder byte) 

with the only exception: Normalizing sign lEI,. 

Normalizing the sign lEI (three turned on 

bits. 111¢) to the positive standard sign IAI 
or Ici (two turned on bits, 1¢1¢ or 11¢¢) 

causes parity changing (PI) in the ALU parity 

correction circuits. 

Note that Normalize Sign forces the SU bits 

12 to 15 to ones by preventing the No Shift 

functions (No Shift 8-15 signal active) for 

these bits. The turned on bits 13 to 15 are 

proVided to AND switches which are controlled 

by the Normalize Sign circuits while the turned 

on bits 12 (common for all signs) directly 

becomes SU bit 12. 

Suppress 

The SU output can be suppressed in groups of 

4 .or 2 bits. 

These groups are: 

SU Bits ¢ 1 2 3 
456 7 

8 9 
10 11 

12 13 
14 15 

Thus. six suppress signals are available, named 

according to the bit groups affected (eg. Suppress 

4-7, Suppress 12-13 and so on), Suppressed 

bits (groups) are forced to zeros. 

The six suppress signals are provided by the 

Suppress Control (Figure 4-1¢1, FEMDM 2¢2¢ 

CPU). They are generated depending on the 

basic operation to be executed and correspond 

with the cycle periods (Tl to TS). 
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Test Sign 

• During SDS the TNT SU, bits 12 to 15 are 

tested for representing a sign (/ AI to IF I). 

• An invalid sign (/¢/ to 191) forces trap 

request 2 by turning on the Data Error latch, 

• The Data Error Latch is sensed and reset 

by a CPU SENSE 116/. 

During SDS (cycle ¢ if DD type, cycle 1 . 

if DX type) the TNT SU Bits 12 to 15 are 

tested for representing a valid sign (any 

hexadecimal value from I AI to /F I). 

An invalid sign (any value I¢I to 19/) prevents 

activating the signal Bits 12-15 Sign A to F. 

This signal inactive during cycle ¢ or cycle 1 

if the SDS instruction is in process turns on 

the Data Error latch at T 6 (delta cycle 1 

or 2 overlaps with cycle ¢ or 1). 

The active Data Error latch forces a trap 

request 2. Trap request 2 forces a circuit 

controlled branch (change of LS zone addressing) 

to a micro-program routine. During this 

routine a SENSE 1161 investigates for the 

trap request cause. The active Data Error 

latch sets the bit 11 in the sensed byte. During 

the SENSE 1161 the Data Error latch is reset at 

T8. Beside SENSE /16/ the Data Error latch 

can be reset by stopping the CPU (Process 

drops) . 

Test Packed Byte 

During packed decimal operations (AP, SP, 

ZAP, PPC) the two packed decimal digits 

provided in the loworder byte (INT SU bits 
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8 to 11 and 12 to 15) are investigated to be 

valid (hexadecimal values IrJI to 19/). If the 

two digits are valid the signals Bits 8 to 11 

Sign A - F and Bits 12 to 15 Sign A - F 

are inactive. 

When one of these signals is active during 

cycle rJ (DX or XX type), cycle 1 (DD or XD 

type), or cycle 2 the Data Error latch turns 

on and forces a trap request 2. 

Data Bus Output 

During a CTRL instruction the INT SU bits 

P1 to 15, which derive either from TDR 

highorder byte (after shift by 8) or from 

the TDR loworder byte (No shift) are provided 

to the Data Bus (P1 to 15). The Data Bus 

provides the CTRL data to the attachments, 

channels or control features. Note that the 

INT SU bits P1 to 15 are provided to the 

Data Bus as long as the CTRL instruction is 

placed in the OP REG. (T1, cycle rJ until T1, 

cycle rJ of the next micro-instruction) . 

Shift Unit Parity 

• To ensure correct SU input parity the TNT 

SU bits PrJ to 15 are checked (SU check) 

• Shift by 2 or 4 and Suppress require changing 

of the input parity when an odd number of 

turned on bits in the highorder or loworder 

byte are affected. 

• Standardizing Sign lEI (plus) always changes 

the parity of the loworder byte. 

SU shift or suppress functions affect only 

data bits (rJ to 7, 8 to 15). The SU parity is 

predicted in the ALU parity correction circuits 

depending on the executed function (Shift Suppress). 

The SU parity is used for SU display (DR - E, 

S, T. R) and to determine the ALU parity. 

Remember the general parity rule: 

Changing the status (on to off, off to on) of 

an odd number of bits in a byte requires 

changing the parity bit. 

The status of bits can be changed in the SU 

either by shifting or by suppressing. For 

Normalize Sign operations only) standardizing 

the sign lEI affects the parity (P1). 

The INT SU bits prJ to 7 and P1 to 15 (Eight 

Shift result) are parity checked to ensure 

correct SU input parity. If the INT SU bits 

are of correct parity the signals Shift Unit 

rJ - 7 odd parity and Shift Unit 8 - 15 odd 

parity are active (negative). 

Incorrect (even) parity of any INT SU bytes 

turns on the SU Check latch except for 

CPU SENSE instructions, MANOP's, or 

ICFL SENSES. 

The SU Check latch on causes stopping the 

CPU one cycle after the cycle in which the 

check occured. The active SU Check latch 

illuminates the SU Check indicator on the 

CE console. 

During TRBS, cycle 0, the signal which 

indicates correct parity for the highorder 

byte (~ to 7) is forced to prevent SU check 

caused by the transferred FDR bits 8 to 11 
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(forced to zeros by Invert Switch) which are 

only needed to correct the Invert Switch parity Pl. 

The XOR-Iogic combinations which provide the 

SU check signals (Shift Unit ~ - 7 or 8 - 15 

odd parity) also provide signals which define 

the number of turned on bits of specified bit 

groups. 

These signals are: 

highorder INT SU byte loworder INT SU byte 

Odd SU Bits _-3 Odd SU Bits 8-11 

Odd SU Bits 4-7 Odd SU Bits 12-15 

Odd SU Bits 6-7 Odd SU Bits 8- 9 

Odd SU Bits _-3 x Odd SU Bits 4- 7 x 

or 8-11 or 12-15 

Odd SU Bits ~-1 x Odd SU Bits 8-7 x 

or ~8- 9 or 

This signals are used according to a shift 

by 2 or 4 or a suppress function to decide 

wether the parity must be changed (odd number 

of turned on bits affected) or not (even numbet 

of turned on bits affected). 

ARITHMETIC - LOGIC UNIT 

• The ALU performs ADD, AND, OR, or XOR 

using the SU and invert Switch halfwords. 

• XOR is the basic operation the ALU 

is prepared for if no Adder, AND, or 

OR gate is active. 

;. The ALU consists of 16 ALU cells 

! .. which perform the ALU operations for 

one bit position. 
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14-15 

• 

• 

• 

• 

• 

• 

• 

• 

ALU Carry bit 8 indicates a carry for 

byte operations, while AL U carry bit 0 

indicates a carry for binary halfword 

operations. 

An ALU carry turns on the Carry and 

AUX Carry latch. 

AUX Carry Latch on causes Additional 

Carry into the unit bit cell (15) during 

the next Add operation. 

A carry out of the high order or low­

order byte during logical operations 

is fed back to theUliti position of the 

corresponding byte for parity correc­

tion,s only. 

During arithmetic or logical oper­

ations a odd number of carries out of 

the bit positions within a byte changes 

the parity predicted by the SU and In­

vert Switch parity. 

The ALU output (Sum bits) is parity 

checked to ensure correct ALU oper-

ations. 

Depending upon the ALU result the 

signals ALU Zero or ALU Not Zero 

turn on. 

For binary, logical and packed decimal 

instructions the four condition code 

latches are set according to the ALU 

result condition. 

The Arithmetic-Logic Unit (ALU) can exe­

cute four different functions using the half-' 
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word operands provided by the SU output 

and the Invert Switch output. 

The four functions are: 

Adding (Add) 

ANDing (AND) 

~Ring (OR) 

Exclusive ~Ring (XOR) 

The function to be performed is defined 

by a control gate generated in the ALU 

control circuits. 

Only three gates, Adder gate, AND gate, 

and OR gate, are generated depending upon 

the basic operations to be executed. Ex­

clusive ~Ring is performed when no gate 

is active (general condition). The gates are 

timed by cycle periods (Tl to T8). 

Basically the ALU consists of 16 similar 

circuits named ALU Cells 0 to 15. Since 

the ALU cells operate similar it is only 

necessary to understand the function of 

one of them. 

An ,ALU cell performs the same functions 

(Add, AND, OR, XOR) as the complete 

ALU does, but on bit basis. 

The three inputs of cell are: 

SU bit 

Invert Switch bit 

Carry 

The two outputs of a cell are: 

Sum bit 

Carry 

The ALU Cell operating principles for 

Add, AND, OR and XOR are shown in figure 

4_111, 2020 CPU FEMDM. 

The ALU cells are chained to process half_ 

words or bytes by connecting the carry 

output of a c ell to the carry input of the 

next highorder cell. 

Take into consideration that an ALU cell 

can provide a carry also during AND, OR, or 

XOR, however since the Adder gate is inactive 

the next cell does not accept this carry. 

The carries out of a byte or an halfword 

are provided by the carry output of ALU 

cell 8 or ALU cell 0 respectively. These 

carries are defined as ALU Carry bits 8 

or O. ALU Carry bit 8 is used during packed 

decimal instructions (AP, SP, ZAP, PPC), 

while ALU Carry bit 0 is used during binary 

halfword instructions (AHSC, SHSC). 

The ALU Carry bit 8 and 12 are used to 

control six correct functions, which are 

necessary to correct hexadecimal values 

(/ A/ to /F /) during packed decimal oper­

ations to obtain valid packed decimal values 

(/0/ to /9/). 

The carry input of the ALU Cell 

15 is activated by the Additional Carry. 

The Additional Carry' occurs as complement 

correction (inverted data plus one) during 

the subtract operations of SH or CLC (In­

ject one to ALU) or caused by the active 

AUXiliary Carry latch. The AUX Carry 

latch turns on at T2 (Reset/Set) during 

cycle 0 or 1 when the Carry latch has been 

turned on either by ALU Carry 8 or 0 during 

the previous instruction or operation 

(repetitions if ALC). 

During the logical operations (AND, OR, 

XOR ; Adder gate inactive), the Additional 

Carry as well as the Carry into Position 

7 are activated by feeding back the carries 
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(ALU Carry 8 or 0) to the unit position of 

the loworder or highorder byte. Since the 

Adder gate is inactive, the feed back carries 

do not influence the result (Sum bits) but 

they are necessary for par.ity correction 

during logical operations. 

During the binary arithmetic instructions 

(AH, AHSC, SH, SHSC), the carry into 

the sign position (ALU Carry bit 1) are 

used to recognize a Binary Overflow. A 

Binary Overflow activates Condition Code 

(CC) latch 3. 

The parity bits PO and Pl of the ALU result 

bytes (Sum bits a to 7 and 8 to 15) are pre­

dicted according to the Invert Switch (display 

I, P, U, L) and SU parity (display E, S, 

T, R ; INT SU parity changed according 

to the performed SU functions). 

The predicted ALU parity is changed when 

the signals Change Parity Sum Bits 9 to 

15 or 1 to 7 are active. The signals are 

activated if any ALU operation changes 

the status of an odd number of bits in one 

of the ALU bytes. The status change in­

formation is provided by the carry output 

of the ALU cells. Thus, the carry outputs 

are connected to a XOR combination 

(one for each byte), the output of which 

provide the Change parity signal if the 

status changes are odd. 

At the ALU output the signals Sum Bits 

a to 7 Even and Sum Bits 8 to 15 Even are 

activated depending upon the number of 

turned on bits in the highorder or loworder 

result byte. The Sum Bits Even signals 

are compared with the corresponding cor­

rected parity bits and the ALU Check latch 

turns on if even parity is recognized. The 
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active ALU Check latch illuminates the 

ALU Check indicator on the CE console and 

stops the CPU after the next cycle. 

During CPU SENSES (provide SENSE data 

without parity) the Prevent ALU and SU 

Check signal is active. This- signal blocks 

the parity bit!!! provided by the correction 

circuits and allows generation of the ALU 

bits PO and PI depending upon the Sum 

Bits Even signals only. Thus, the ALU 

operations are not checked, since the 

parity is generated depending upon the 

result and the parity is correct even if the 

ALU as well as the SU and Invert Switch 

circuits function erroneously. The parity 

bits of the SENSE data in FDR are correc­

ted retroactive depending on the generated 

parity bits at the ALU output. Corrections 

are performed by either the signals Force 

FDR bit PO or PI or the signals Turn off 

FDR bit PO or PI active. 

The complete ALU result is displayed on 

the CE console when the CE Display Select 

switch is set to ALU. 

Depending upon the present ALU result 

the ALU Zero or ALU Not Zero signal is 

generated. 

The halfword at ALU output is provided 

to the input of SAR LS, FDR, and Inhibit. 

The Condition Code latches (CC latches 

a to 3) are set according to the result con­

dition either unconditional (AP, SP, ZAP, 

PPC) or controlled by the CC bit (OPREG 

bit 6) in the micro instruction. 

(AH, AHSC, SH, SHSC, AND, OR, XOR, 

CLC). 

The condition code is accessible by a SENSE in­

struction. 
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Six Correction Circuits 

• 

• 

• 

Six Correction effects only the two four­

bit digits of the loworder ALU result 

byte. 

Six Correction can be considered as 

a binary adder which adds the con­

stant '- 6' to the digit to be corrected. 

Six Correction influences the ALU 

parity correction. 

The Six Correction Circuits are activated 

for packed decimal instructions (AP, SP, 

ZAP, PPC), however, for the subtract­

type instructions (SP, pPC) only if the 

Adder gate is active (cycle 2 or 3). 

The Six Correction affects the two half­

bytes of the loworder ALU byte. E.ach 

hali byte is corrected by a separate 

circuit. 

The Six Correction circuit can be considered 

as a four bit binary adder which adds the 

constant '-6' to the ALU result (two hexa­

decimal digits of the loworder byte). Six 

Correction is performed when no carry 

occurs out of the highorder bit of the cor­

responding halfbyte (No ALU Carry bit 

12 or 8). 

The constant' -6' expressed as a half byte 

binary number is 1010. This binary number 

is added to the halfbyte value repre-

sented by Sum Bits 12 to 15 or 8 to 11. 

Since the Ioworder bit of the constant is 

zero and adding of zero does not influence 

the input bit, the Ioworder bits (15 and 11) 

are not affected by the Six Correction. 

A performed six correction influences the 

parity of the Ioworder ALU byte (Change 

Parity Sum Bits 9 to 15). 

ALU Parity Prediction and Correction 

• The ALU result parity is predicted 

depending upon the parity of both 

ALU input operands. 

• ALU operations which change the 

number of turned on bits odd, force 

a change of the predicted parity. 

The ALU operations ADD, AND, OR, or 

XOR affect the data bits 0 to 7 ( highorder 

byte) and 8 to 15 (Ioworder byte). The num­

ber of turned on data bits in both ALU re­

sult bytes (Sum bits 0 to 7 and 8 to 15) can 

be even or odd. Thus, the Sum bits PO and 

PI must be turned on or off to provide 

always odd byte parity (odd number of turned 

on Sum bits including parity bit). 

The ALU result bytes are tested for proper 

parity. Even parity in the highorder or 

Ioworder byte turns on the ALU Check 

latch and the CPU stops (Process Check). 

To allow testing of ALU operations the 

Sum parity bits PO and PI are predicted. 

That means. the parity result is generated accor­

ding to the parity of the ALU input operands and 

predetermines the odd or even number of turned 

on data bits in the highorder or loworder result 

byte. 

The predicted Sum parity bits are correct 
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when all turned on bits of the input operands 

occur in the ALU result. 

Example: 1 1 1 1 0 0 0 0 Operand 1 

o 0 0 0 1 1 1 1 Operand 2 

1 1 1 1 1 1 1 1 Result if ADD 

Each operand provides four turned on data 

bits. To provide odd operand parity) both 

parity bits must be on .. The parity bit on 

indicates an even number (four of turned 

on data bits in the corresponding byte. 

The total number of turned on bits of both 

operand bytes (even or odd) is specified 

in Table 2-1: 

Since the Sum parity is predicted upon the 

total number of input data bits, the predic­

tion has to be changed (corrected) when an 

odd number of turned on data bits is lost 

caused by the executed ALU function (Add, 

AND, OR, XOR) 

Examples: 

ADD o 0 0 0 000 1 

o 0 0 0 000 1 

Result o 0 0 0 001 0 

The total number of input data bits is two 

(even) ; thus, the predicted parity bit has 

been turned on to provide odd parity. How-

Table 2-1 Turned On Bits of Even and Odd Operand Bytes 

ever, adding the two turned on bits causes 

a zero in the corresponding result position. 

A carry, which can be assumed as one 

turned on bit, occurs and turns on the bit 

in the next higher position. One turned on 

input bit (odd number) has been lost and 

the predicted parity bit (on) has to be changed 

(off). 

During Adding a carry provided to an ALU 

cell indicates the one input bit has been 

lost. The predicted parity bit must be 

changed when an odd number of bit carries 

occurs. 

AND 

Result 

01010100 

00000100 

00000100 

The total number of turned on input bits 

is even (odd plus odd). The predicted parity 

bit is on. However, an odd number of turned 

input bits is lost (three) and the predicted 

parity bit has to be changed. 

OR 

Result 

01010100 

00000100 

01010100 

The predicted parity bit is on (even num­

ber of input bits). One of the opposite turned 

on bits is lost (odd number). The predicted 

Operand 1 Operand 2 Total of turned on data bits 

P=1 (even) P= 1 (even) Even (even plus even = even) 
• 

P=O (odd) P=O (odd) Even (odd plus odd = even) 
, 

P=l (even) P=O (odd) Odd (even plus odd = odd) 

P=O (odd) P=l (even) Odd (odd plus even = odd) 
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parity bit has to be changed. 

XOR 

Result 

100 1 100 1 

000 0 100 1 

100 1 000 0 

The predicted parity bit is on (even num_ 

ber of turned on input bits). 

No change of the predicted parity is re­

quired since four (even) bits are lost. 

No.te that for XOR the predicted parity is 

always correct since XOR operations affect 

only even numbers of turned on input bits. 

During Add operations changing of the total 

number of input bits is indicated by a carry 

into the next higher ALU cell. Note that 

a carry into the unit position (cell 15 or 7) 

of one of the ALU bytes (Additional Carry, 

Carry into Position 7) also affects the num_ 

ber of turned on bits of the corresponding 

byte. The ALU cell circuitsare designed 

ALL/ Cell :", :> ... t-
.sU e; t. l .. vert5we~t (~lrl'~ AD]) AN]) 

~ ¢ V -- --
~ J. V -- CA~P.Y 

J. I 
! 

¢ / -- C~RR"" 

.I. J. CARR'f CA~~'t 

to activate the carry output (input of the 

next cell) even for the logical ALU func­

tions (AND, OR), when bits ar e lost. A 

logical carry is not accepted by the next 

ALU cell 

For XORing no carry is generated since 

this function always affects an even number 

of turned on bits and no correction of the 

predicted parity bits is necessary. 

Figure 2-J,9 shows the carry conditions 

of the four possible ALU functions. 

The predicted parity bit must be corrected 

when an odd number of bit carries occur 

within a byte. To detect an odd number of 

carries the eight carry inputs within an 

ALU byte are connected to a XOR com-

b ination. 

The XOR combination provides the Change 

Parity signal (Change Parity Sum Bits 9 

to 15, Change Parity Sum Bits 1 to 7). 

OR. 'x'o~ 

-- --

-- --

-- --
CA~Qy --

-- ~ 1------- ._--_._-_ .. _._-._'--

¢ ¢ J.. -- Note: : A QH.'J always :\lJol;CC\!es 
---. ---- HnC\+ OVlC h.J.~Vle.4 0'-1 

¢ .J. .L CARRY ;l/lpuJ bit- hQS ioeeV) Los/-, 

1.. tP .L CARfly 

J.. l .1. CA I<~)' 

2020 FETOM (5/68) 2-85 



IBM CONFIDENTIAL 

Note that for logical ALU functions (AND, 

OR) the carries out of the highorder ALU 

cell of each byte are fed back to the unit 

positions. This feed back is necessary to 

recognize the carries of all eight cells for 

parity correction. 

Correction of the Predicted Parity if Six 

Correction 

Six Correction is required for packed de-' 

cimaloperations. The constant 1-61 (1010) 

is added to the ALU result. Six Correction 

affects only the two four bit (hexadecimal) 

digits in the loworder byte (8 to 11 and 12 

to IS). 

Correction of the predicted parity bit (PI) 

is necessary when the six correction changes 

the number of turned on Sum bits uneven. 

The total number of turned on Sum bits is 

changed from odd to even or even to odd 

only when adding the constant 1010 (-6) 

to the hexadecimal values /2/, /3/, /A/ 

and /B/. 

Adding the constant 1010 affects only the 

three highorder bits of the hexadecimal digit 

since the loworder bit of the constant is zero. 

Thus, six correction can be considered as 

an addition of three bit digits (constant 101). 

The three highorder bits of /2/ and /3/ 

are 001, while the three highorder bits of 

/A/ and /B/ are 101. 

Both three bit digits show the bit combi­

nation identifies the only hexadecimal 

digits which cause an odd change of the 

number of turned on Sum bits when adding 

the constant. Thus, a signal is generated 

depending upon 01, which influences the 

2-86 (5/68) 

Change Parity XOR combination of the 

loworder ALU byte. 

Condition Code Latches 

• 

• 

• 

The Condition Code Latches are set 

to reflect the ALU result conditions. 

For binary and logical micro-instruc­

tion, the condition code is set when the 

CC bit in the instruction is on. 

The condition code is set uncondition­

ally for packed decimal micro-in­

structions. 

The Condition Code (CC) latches are shown 

in figure 4-113 , 2020 CPU FEMDM. 

The CC Latches are set during Binary, 

Logical and Packed Decimal micro-instruc­

tions (CC-instructions) according to the 

final operation result (ALU result). 

The saved result condition can be tested 

by SENSE /10/. A turned on CC latch 

(0 to 3) turns on the corresponding bit 

(8 to 11) in the sensed data byte set into 

FDR. 

Beside CC-instruction the CC latches are 

set by CTRL /10/ controlled by the INT 

SU bits 12 to 15 turned on. 

Set CC and Carry 

The Set CC and Carry signal, active for 

cycle 2, cycle 3, or delta cycle 0, is 

generated according to the type of the CC­

instruction (DD, DK, XD, XX) and speci­

fies the cycle (delta cycle) during which the 
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final result is present at ALU output. 

Allow CC Setting 

The second condition, necessary to activate 

the CC latches, is the Allow CC Setting 

Latch turned on. This latch is set at T7 

(reset at every T6) either for packed de­

cimal micro-instructions (AP, SP, ZAP, 

PPC) or for binary or logical instructions 

(AH, AHSC, SH, SHSC, AND, OR, XOR, 

CLC) but for the last instructions only if 

the CC bit (bit 6) in the instruction is on (I). 

Set CC and Carry and Allow CC Setting 

(Latch) active enable turning on the CC 

latches at delta T8 (reset/set). 

Allow CC Setting is prevented for CC­

instructions with ALC when the final con­

dition is saved in the CC Latches (e. g. , 

AP, ALC, result not zero; CCI active) 

while the ALC operation is still not term­

inated (field length not decreased below 

zero). 
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I/O BUS OUT AND IN 

• The I/O Bus connects the CPU with all 

present attachments. 

The I/O control units are attached to the 

CPU by bus lines. 

The cycle steal control lines, and the bus 

lines are the only way to send or receive 

informations from the I/O control units. 

The bus lines can be divided into three ca-

tegories : 

1. Address Bus 

2. Data Bus 

3. Control bus lines 

There are two types of bus lines specified 

by the bus termination in the attachments. 

Bus lines terminated by a line sense ampli­

fier (LSA) are defined as type A. Bus lines 

type A are used to provide CPU information 

to the attachments with a minimum of delay 

time. This bus type cannot use the sent in­

formations from the attachments to the CPU 

(e. g., Address Bus). 

Type B bus lines are those which accept 

informations either in the attachments or 

in the CPU (e. g. , Data Bus). These type 

B bus lines are terminated by an Inverter­

OR-Inverter Logic which allows activating 

of the bus lines even in the attachments. 

Since the Inverter - OR - Invert Logics 

of all attachments are connected in series 

the bus signal is delayed. 

The CPU (I/O bus entry) can be considered 

2-88 (5/68) 

as an additional attachment in respect to 

the bus termination. 

I/O BUS OUT 

A comprehensive representation of all bus 

lines leaving CPU is given in figure 2-1~ 

The following sections describe the I/O 

Bus output control shown in the FEMDM, 

2020 CPU, Figure 4-120. This figure shows 

the Address and Data Bus control as well 

as the generation of the control strobes for 

SENSE and CTRL functions. The other 

control Lines leaving CPU are shown in 

the circuits where they are generated. 

Address Bus Out 

• 

• 

• 

The Address Bus provides the Device 

Address for CTRL or SENSE. 

A Device Address can be applied from 

the micro-instruction or from switches. 

For I/O Display the Device Address is 

set up in the CE Select switches 1 and 2. 

The Address Bus, consisting of eight single 

bus lines (bits 8 to 15), provides the Device 

Addresses to the attachments for SENSE 

and CTRL. 

A device address consists of two hexadecimal 

digits (one byte, eight bits) which are pro­

vided either by the device address field in 

a SENSE or CTRL micro-instruction (OP 

REG bits 8 to 15) or, especially during 
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ICPL, by the values set up in the Data 

switches land 2 on the customer console 

(also placed into OP REG 8 to 15). 

If no SENSE/CTRL and no ICPL operation 

is being processed the Address Bus is 

activated according to the values set up 

in the CE Select switches 1 and 2. 

The device address, consisting of an high­

order and loworder hexadecimal digit can 

be interpreted as follows: 

The highorder digit (8 to 11) defines the 

called attachment. Since the number of 

possible attachments is limited, only the 

values /0/ to /A/ are valid. 

The loworder digit (12 to 15) can vary bet_ 

ween /0/ and /F/ without changing the high­

order digit. Thus, it can be said, that each 

highorder digit (attachment) address can 

be extended by 16 sub-addresses. 

However, each of the 16 addresses (device 

addresses) relating to one attachment allow 

controlling or sensing .of eight different 

functions or conditions in the specified 

attachment (highorder digit) by means of the 

eight Data Bus bits. Thus, each attachment 

address (highorder digit) provides the possi­

bility to test (SENSE) or to control (CTRL) 

128 (16 times 8) different attachment func­

tions. 

The as signment of the pos sible highorder 

digits in relation to the attachments is 

given in figu;re 2 - ,,£. 

OP REG to Address Bus 

The OP ~EG bits 8 to 15 are gated to the 

Address Bus when the OP REG to Address 

2-90 (5/68) 

Bus signal is active. This signal is acti­

vated when either a SENSE or CTRL micro­

instruction (OP R Decode E or F) is placed 

in the OP REG or when the IC PL Latch is 

turned on during Initial Control Program 

Load.Note that for ICPL the device address 

has to be /20/ and the Data switches must 

be set up accordingly. 

I/O Display Address Out 

The contents of CE Select switches 1 and 

2 are used as Device Address (gated to the 

bus) when the I/O Display Address Out 

signal is active. The I/O Display Address 

Out signal is active during T4 to T7 when 

no SENSE or CTRL function is required 

(no OP REG to Address Bus signal active). 

Note that this signal is active even if the 

CPU has been stopped and allows the CE 

to display (CE console) I/O sense inform­

ation by selecting any required device address 

using the CE Select switches 1 and 2. 

Depending upon the timing signal T4 to 

T7, the signals I/O Display Address Out 

and OP REG to Address Bus are generated 

alternating. ....... Ie!*. The undefined 

address which derives from the OP REG bit 

8 to 15 is ;neffective since the I/O display 

functions are timed by T4 to T7 only. 

Data Bus Out 

• During CTRL operations the Data Bus 

carries the control bits. 

• During all CPU operations other than 

CTRL's and during CPU stop the Data 

Bus parity bit PI is forced. 
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The only operations which require to send 

out data from the CPU to the attachments 

are the CTRL micro-instructions and 

ICPL. However, during ICPL the CTRL 

functions are performed during cycle 0 

and 1 only. 

The OPR Decode F signal, generated depen­

ding upon the four highorder bits of the 

CTRL instruction in the OP REG, gates 

the INT SU bit. 8 to 15 to the Data Bus. 

The parity bit PI is provided by the SU 

Parity Correction circuits and is similar 

to that bit PI displayed in Data Register 

(DR-) U on the customer console. 

During ICPL, cycle 0 and 1 (ICPL CTRL) 

the Data Bus bits are forced by circuits 

as shown in figure 2-21. 
Since the Data switches are set to /20/, 
the forced Data Bus bits control the same 

attachment functions as for a CTRL /20/ 
mic ro- instruction. 

Data Bus Parity 

For CTRL micro-instructions the bus 

parity bit PI is provided by the SU parity 

bit PI, which is similar to the INT SU 

bit PI, since during CTRL no shift unit 

functions are performed. 

During ICPL CTRL the parity bit PI is also 

forced by circuits according to the generated 

bit pattern. 

During all other operations (also GPU stop) 

the Data Bus bit PI is forced unconditionally 

to provide always correct parity on the 

Data Bus. 

Since the Data Bus is also used to transport 

sensed data from the attachments to the 
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CPU (see I/O BUS IN), the forced Data 

Bus bit PI has to be changed according to 

the parity of the sensed data byte. The prin­

ciples of this parity change is given in 

figure 2 -ti. 

Control Strobes for SENSE and CTRL 

• 

• 

During SENSE operations, functions 

within the attachments are controlled 

by the SENSE Strobe (T3) and by the 

SENSE Control Strobe (delta T8). 

During C TRL operations, functions 

within the attachments are controlled 

by the Sense Reset pulse (T3) and by 

the CTRL Strobe (delta T8), 

Four control signals (strobes) are generated with­

in the CPU w.hich are sent out to the attachments 

via bus lines. These signals are timing signals 

which control the SENSE or CTRL functions in 

the attachments in relation to CPU processing 

time. 

These four signals are: 

Sense Reset (CTRL only) 

CTRL Strobe (CTRL only) 

SENSE Strobe (SENSE only) 

SENSE Control Strobe (SENSE only) 

Th ese control signals are gated to the 

attachments by Pror"IHO not CS (CPU ru.n­

ning but not cycle stealing) and the active 

Allow Strobe signal. 

Allow Strobe is active during SENSE, CTRL, 

and ICPL only. However, Allow Strobe is 

prevented during cycle 1 of indirect ad-

dres s ed SENSE or C TRL instruction. During 
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A TTACHHENT 

I 
I 

this cycle I the IAR updating of indirect 

addressed (ALC) I/O instructions is per­

formed. 

In addition, the Allow Strobe condition is 

inhibited during indirect addressed CTRL 

instructions when delta CY2 overlaps with 

EO 

t>r':~C:f"4U of l>QtCl BI.4.S 1UV'1't~ a.~~I""~ 

d"''':III~ I/O SENSE. 

,SENSE Strobe and SENSE Control Strobe 

Both strobes are generated for SENSE and 

ICPL CY 2 (ICPL SENSE) only. The SENSE 

Strobe, generated at T3 after the SENSE 

CY O. No Allow Strobe during the overlapping 

period prevents the CTRL strobe (delta 

micro-instruction has been transferred 

into the OP REG (OPR Decode E, CYO, 

T8) during CY O. This is necessary since 

the control bits are read out and set onto 

the Data Bus not earlier than during CY 2. 

Thus, the CTRL strobe is prevented and 

occurs at the end (delta T8) of CY 2 only. 

2-94 (5/68) 

TI) or at T3 during ICPL SENSE (CY 2), 

allows setting/resetting of the Sense Re­

gisters by sense data. The source of the 

sense data is defined by the device address 

on the Address Bus. 
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After the Sense Register has been set, the 

sense data is available on the Data Bus 

and, thus, also at CPU Data Bus Entry. 

This sense data is placed into FDR when 

the SENSE Control Strobe (delta T8) becomes 

active. Beside the Data Bus Entry Control, 

the SENSE Control Strobe is used within 

the attachments to perform reset functions 

(resets latches the conditions of which are 

just have been sensed). 

The SENSE Strobe affects the Sense Re-

gisters of all present attachments, but sense 

data is provided to only one of them (Sense 

Register in the attachment specified by the 

highorder digit of the device address). All 

other Sense registers are set to zero since 

no sense data is provided. 

Sense data remains in the Sense Register 

until the next SENSE or C TRL instruction 

is executed. 

Sense Reset and CTRL Strobe 

Both signals are generated for CTRL and 

ICPL CTRL (CY 0 and CY 1) only. 

The Sense Reset signal, generated at T3, 

resets all Sense Registers in the attach­

ments to clear the Data Bus for the control 

bits. 

The CTRL Strobe, generated at delta T8, 

is the timing signal which controls the 

functions in the attachment defined by the 

device address and the control bits on the 

Data Bus. 

rio Di.play 

• rio Display allows to select and display 

any SENSE data SOllrce in the attachment 

during CPU run as well as during CPU 

stop. 

The I/O Display allows the CE to select 

and display any required rio sense data 

source by a device address set up in the 

CE Select switches 1 and 2. This I/O 

Display functions when the CPU stops as 

well as during CPU run, but not during 

SENSE or CTRL. The Display Sense Strobe 

generated at T6, activates the SENSE 

Strobe which controls the Sense Registers 

in the attachments. 

Since the Display Sense Strobe occurs for 

each cycle (T6 to T6) the sense data source 

is tested in a rate which corresponds with 

the CPU processing speed (every 2 or 3.6 

microseconds). 

The rio Display Latch, which is only reset 

for SENSE, CTRL, rCPL and CPU LOG 

in, gates the I/O Bus Entry (Data Bus 

entry) to the display (PI to 15) on the CE 

console, but only when the CE Display Se­

lect Switch is set to I/O Display. 

The sense information, which illuminates 

the indicators can also be used to generate 

the Equal Synch signal (Test Hub) or, if the 

CE Compare Stop switch is turned on, to 

stop CPU depending upon I/O conditions. 

For Equal Synch or Compare Stop the sensed 

data byte is compared against the byte 

setup in the CE Select switches 3 and 4. 

2020 FETOM (5/68) 2-95 



IBM CONFIDENTIAL 

I/O Bus Powering 

The bus lines type A (LSA termination) require 

additional powering. For this powering. the bus 

lines enter the CPU and leave it again after power­

ing. This amplification divides the complete bus 

into halves. which are identified with the letters A 

(bus before powering) and B (bus after powering). 

I/O BUS IN 

A comprehensive representation of all bus 

lines entering the CPU is given in figure 

2 -.2,. The following sections describe 

the I/O Bus input shown in the FEMDM, 

2020 CPU, figure 4-121. This figure shows 

the Data and Address Bus input controls 

as well as the CPU SENSE circuits. 

Bus in Control 

-. Data and Address Bus are set into 

• 

FDR by I/O Bus to FDR signals. 

I/O SENSE, direct addressing, places 

the Data Bus Information directly into 

the loworder byte of the specified LS 

register. 

Address and Data Bus are gated into FDR 

by the signals I/O Bus to FDR 0-7 (Address 

Bus) and I/O Bus to FDR 8-15 (Data Bus). 

These signals are generated for CPU 
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SENSES (I/O Address 1 x, MANOP Inbus 

to FDR) at T4. During I/O SENSES (Device 

Addresses 0 x, 2 x to A x) and all CTRL 

operations (CPU, I/O ICPL) the Address 

Bus is gated into FDR at T4, but the Data 

Bus is accepted at delta T8. The later 

acceptance of Data Bus in relation to Address Bus 

(T4) is based on the Data Bus delay caused by the 

bus termination type B. 

Especially for direct addressed I/O SENSES 

the Data Bus is gated simultaneously into 

FDR and into the loworder byte of the speci­

fied LS register at delta T8. To provide 

correct parity in the highorder byte of the 

LS register, the parity bit PO is forced. 

CPU SENSE 

• 

• 

CPU SENSES are specified by Device 

Addresses with the highorder hexa­

decimal digit = /1/. 

SENSES /14/ and /15/ are the only 

halfword SENSES. 

• CPU SENSE data is applied without 

parity bits and, thus, the Prevent 

ALU and SU check signal is generated. 

CPU SENSES are identified by Device Ad-

dressec (on Addl~cSS Bu~), the highorder 

hexadecimal digit of which is /1/ (Address 

Bus bits 8 to 11 = 0001). This condition causes 

the I/O Address 1 x signal. 

The I/O Address 1 x signal specifies in 

connection with the Address Bus bits 13 

to 15 any SENSE between /10/ and /16/. 
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During MANOP's (Storage DASF, ICPL) 

the SENSES /13/, /14/ and /15/ (switch 

SENSE's) are forced by circuits. 

Generally SENSE data are of byte for:mat. 

The only exception are CPU SENSES /14/ 

and /15/, which sense the four Address or 

CE Select switches at once. The sensed 

data of these two SENSE's is of halfword 

(two bytes) for:mat. Since the Data Bus can 

only carry one byte the second (highorder) 

byte is set on the Address Bus. To allow 

use of the Address Bus for data transport 

during halfword SENSE's, the Address 

Bus input is blocked. 

CPu IlAput B(A.s L'Vle,$ 

The Sense Bits 8 to 15 (Data Bus) can be 

provided by four separate circuits. These 

circuits are: 

1. I/O Bus in (Data Bus entry) 

2. CC and Carry Latches 

3. Address Check (Modifier) - I/O LOG 

4. CPU SENSE 

The outputs (Sense bits) of the four circuits 

are dotted. To allow dotting of the Sense 

bit lines, the outputs of the circuits are 

forced to positive (Sense bit active) by the 

corresponding SENSE signal inactive. 
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Any CPU SENSE activates the signal Pre­

vent ALU and SU Check since CPU data is 

sensed without parity bit. 

This signal inactive indicates that the Sense 

bits 8 to 15 can be activated according to 

the Data Bus bits. This condition is defined 

as I/O SENSE. 

r/o SENSE 

• 

• 

I/O SENSE can be considered as the 

common I/O Bus condition which is 

inhibited during CPU SENSE's only. 

r/o SENSE condition allows the Data 

Bus to enter CPU (activates the Sense 

bits 8 - 15). 
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• 

• 

However, the Sense bits are gated to 

FDR only for SENSE and CTRL. 

The Bus Check tests the Data Bus for 

correct parity. 

The r/o SENSE condition is present during 

all operations, except CPU SENSE, and 

also if the CPU stops. During r/o SENSE 

condition, caused by not Prevent ALU and 

SU Check, the Sense bits 8 to 15 reflect 

the Data Bus bit pattern. However, the 

Sense bits enter FDR only during SENSE 

or CTRL when the signals r/o Bus to FDR 

0-7 or 8-15 are active. 



SPECIAL PURPOSE LATCHES The latch condition is displayed on the CE 

console (PO), when the CE Display/Compare 

Select Switch is set to OC U 2. 

The special purpose latches are shown in 

FEMDM, lOZO CPU, figure 4-130. 

These latches are activated by CPU CTRL 

micro-instruction (CTRL /10/ and /11/) 

during micro program routines only. 

Detailed LOG Request Latch 

This latch is turned on by micro program 

when a data error occurs during a serial 

read or punch operation. The latch active 

forces Trap Request 1 and is tested by a 

SENSE /16/. 

ASCII Latch 

• This latch on indicates that the CPU 

has to provide data in the ASCII code. 

The ASCII Latch is turned on by micro 

program when the ASCII-Code is used instead 

of the EBCDI-Code. The active ASCII latch 

controls the Normalize Sign circuits (SU) 

during the SDS micro-instructions, so that 

the positive or negative signs are normalized 

according to the ASCII-code. 

Interrupt Control 

• 

• 

The latches Channel End, Device Ad­

dress 15 Interrupt, and Channel Mask 

Control the interrupts. 

Interrupts are enabled only when the 

Channel Mask Latch is on. 

An interrupt is a branch to special prog-

ram routine (exchange PSW) which is per­

formed when a I/O operation has been ter­

minated. An interrupt can be caused by 

Channel End, Device Address 15 Interrupt 

or by CSW Update Interrupt. The CSW 

Update Interrupt condition derives via a 

bus line from the corresponding control 

feature while Channel End or Device Address 

15 Interrupt conditions are recognized by 

micro-program, which turns on the cor­

responding latches. 

The Channel Mask Latch, which is also set 

and reset by micro-program, enables or 

disables the interrupt condition. 

The interrupt condition is tested by a SENSE 

/11/ within micro program routines. 
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CPU CYCLE STEAL CONTROL 

The CPU Cycle Steal Control circuits, 

shown in FEMDM, 2020 CPU, figure 5-190, 

are activated by interface signals from the 

CS d"vices. 

CS devices are: Storage Control feature, 

laC, and BSCA. The CS devices are numbered 

in ascending sequence from 1 to 4 (up to 

four CS devices can be attached). The num­

bering sequence defines the control priority 

of the four possible device requests. A de­

vice request 1 has the highest priority, 

while a request from device 4 has the low-

est priority. Note that this priority sequence 

(I to 4) is opposite to the priority sequence 

of the Trap requests (7 to 1). 

The CPU Cycle Steal Control provides cir­

cuits which control the CPU functions during 

cycle stealing. 

Since cycle steal operations are performed 

during one CPU cycle, only a few number of 

functions are executed. 

These CPU functions are: 

1. 

2. 

3. 

Transferring of Data Address from 

LS to SAR. 

Incrementing or Decrementing the 

Data Address by I or 2 depending 

upon CS byte or h;t1fword operation!!. 

Decrementing the field length (located 

in LS) by I or 2 depending upon CS 

byte or halfword operations. 

2-100 (5/68) 

4. 

5. 

Storing a byte or halfword into main 

storage position defined by Data 

Address (CS Read). 

Reading a byte or halfword out of 

Main storage position defined by Data 

Address (CS Write). 

Cycle Steal operations interrupt any current 

micro-instruction for one CPU cycle. This 

interruption is allowed for each cycle during 

a micro-instruction. 

During cycle stealing all important data and 

control informations of the current micro­

instruction are frozen in and the interrupted 

operation is continued after the stolen cycle 

as normal. 

A micro-instruction, interrupted by a CS 

request,can be considered to be prolonged 

in its execute time for one cycle (2 or 3.6 

microseconds). 

MANOP's prevent CPU CS operations. 

CYCLE STEAL INTERFACE 

The cycle steal interface (figure 2 -.21 
connects the CPU with the Cycle Steal Units 

in the Storage Control feature, laC, and 

BSCA. 

Take into consideration that, beside the 

CS data bus and CS control bus lines, the 

above mentioned I/O control units are also 

controlled by the I/O Common Bus Lines 

(Addres s Bus, Data Bus, and as sociated 

control lines). 
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The CS Data Bus, able to transport one half­

word (two bytes including parity bits), con­

nects the cycle steal units directly with the 

Main Storage output (SDR) or input (Inhibit). 

The CS Data Bus is used either to provide 

data from the CPU to the cycle Steal units 

or vice versa. The data direction is con-

trolled by the CS Data Out gates or by the 

CS store signals. Gates and signals are 

generated within the CPU CS control. 

Especially for byte transfer from or to the 

CS units the byte not affected is directly 

regenerated (Force Regen) by connecting 

the SDR to the Inhibit. The CS control bus 

lines entering CPU control the CPU CS 

control circuit according to the CS oper­

ation ordered by the CS unit. 

The CS control bus lines leaving CPU in­

form the requesting CS unit about the pre­

sent CPU conditions. 

CS REQUEST 

The CS Request Lines Device 1 to 4, ac­

tivated within the CS units, tUrn on the CS 

Request Latches 1 to 4 gated by the Sense 

CS Request signal. This signal is identical 

with T2 and is also used to reset the CS 

Request Latches. Thus, a CS Request latch 

remains active for the period T2 to T1. 

If more than one CS Request is active at 

the same time, all corresponding CS Re­

quest latches are set. During the following 

CS cycle only the highest priority request 

is effective and the request source (latch) 

of the corresponding CS unit is reset. At 

next T2 all CS Request latches are reset, 

but they are set again depending upon the 

2-102 (5/68) 

still present lower priority requests. 

During CS operations data address and field 

length are available in fixed LS registers. 

Each CS device has its own data address 

and field length register (figure 2-1.6 ). 
These registers are selected by X-addresses 

and Select LS- Y signals which are generated 

depending upon the active highest priority 

CS Request Latch. 

Any CS Request 

Any active CS Request Latch forces the main 

control signal Any CS Request. This sig-

nal is active from T3 until the end of T2. 

The offset for one T-period between the 

active CS Request Latch (T2 to TI) and the 

Any CS Request signal (T3 to T2) is achieved 

by controlling the signal during T2 depen­

ding upon the Cycle Steal latch. Any MAN-

0p blocks Any CS Request. 

Within the CPU CS control circuits Any 

CS Request controls resetting and setting 

of the control latches. 

Within the CPU circuits Any CS Request 

controls the following main function and 

signals: 

1. 

2. 

3 

Addressing of fixed CS registers in 

Local Store (depending upon requesting 

device) at T 5 and T7 , TS and T2. 

Generation of LS !"e~d sig~ale LS 

to SAR (T5) and LS to MAR (T5, TS) 

as well as the LS Write signal at 

T7 and T2. 

Blocking of delta cycle advancing 

(Long Time Clock) at T4. 
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4. Delta Process not CS Request. 

5. Delta Process without Check and 

CS Request. 

6. Activating of the Set up Run Condition 

gate to start CPU if a CS request 

during CPU stop. 

CYCLE STEAL LATCH 

The Cycle Steal Latch is active if Any CS 

Request occurs from T6 (pulse B) until 

T6 (pulse B). This period agrees with the 

core storage cycle (stolen cycle) (T6 to 

T6) and defines the time at which CS data 

transfer is possible. In main, the Cycle 

Steal Latch is used to block CPU functions 

by dropping the Process not CS and the 

Process without Check and CS signals. 

DEVICE SELECTION 

The Device Selection consists of two latches 

(CS Device 3 or 4, CS Device Z or 3) which 

are reset/set at T6, according to the high­

est priority CS request when Any CS Re-

quest is active. 

The outputs of the two latches, gated by the 

active Cycle Steal Latch, are decoded and 

generate the CS Select (Device 1, 2, 3, or 

4) signal, which is sent to the requesting 

CS unit. 

The two device selection latches save the 

CS request information of the CS Request 

Latches, which are already reset at the next 
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T2 (Sense CS Request), to be available 

during the cycle steal pe~iod (figure 2-.1' ). 

CS CONTROL 

A CS operation initiated by a CS Request 

is defined in detail by the CS control lines 

activated in the requesting CS unit. 

The six CS control lines are as follows: 

CS Read 

CS Write 

CS Halfword 

CS Byte 

CS Increment 

CS Decrement 

Each CS unit (device) provides its control 

signals via separate bus lines. Only the 

six control bus lines of the highest priority 

CS unit, causing a CS request, are gated 

to the CPU CS control circuits. 

CS Read / CS Write 

The CS Read or CS Write control signal 

defines the CS data direction. For CS 

Read,data is transferred from the CS unit 

to the CPU core storage, while for CS 

Write,data is transferred from core 

storage to the CS unit. Note that for CS 

operations the terms Read and Write re­

flect the I/O operations instead the core 

storage operations. 
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A CS operation can either be a read oper­

ation or a write operation. Both control 

signals active or inactive indicate an error 

and cause a CS Interface Check. 

The CS Read latch is reset at T6 when Any 

CS Request is active and it is set again 

at T7, but only when CS Read is active. 

For CS Write the CS Read Latch remains 

off. 

CS Halfword/CS Byte 

The control signal CS Halfword or CS Byte 

defines the data format which is transferred 

either during CS Read or CS Write. 

Similar to CS Read/CS Write both control 

signals are exclusive and a CS Interface 

Check occurs if both signals are on or off 

simultaneously. 

CS· Halfword active turns on the CS Half. 

word latch at T7. The Latch has been reset, 

similar to the CS Read Latch, at T6 before. 

The CS Halfword Latch remains off when 

CS Byte is active. 

CS Increment / CS Decrement 

The control signal CS Increment or CS 

Decrement define the processing direction 

of the CS data field in the CPU core stor. 

age. Depending upon CS Halfword or CS 

Byte, the data address (LS register) is 

either incremented or decremented by 2 

or by 1. 
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As the other control signals CS Increment 

and CS Decrement are also exclusive and 

a CS Interface Check occurs when both sig­

nals are on or off simultaneously. 

CS Increment and CS Decrement do not re. 

quire to be saved in Latches as CS Read 

or CS Halfword, since the function (up. 

dating data address), which needs the sigr.als, 

is performed before the signal lines are 

de.activated in the CS unit. 

CS DATA IN 

The CS data, provided as byte PO to 7 and 

byte PI to 15 on the CS data bus, is gated 

to CPU Inhibit when the CS Read Latch is 

active during the cycle steal period (de. 

fined by the active Cycle Steal Latch, T6 

to T6). The other sources (ALU, SDR), 

which are also able to provide inhibit data, 

are blocked by cycle steal condition. 

The two gate signals, which allow the CS 

Data in bytes (PO.7, Pl.I5) to activate 

the Inhibit circuits, are CS Store 0 to 7 

and CS store 8 to 15. 

For Halfword CS Read (CS Read and CS 

Halfword Latch active) both CS Store sig. 

nals are active (T6 • T6) and the complete 

bus halfword is set into core storage during 

core storage write time (T2 to T5). 

When the CS Halfword Latch is off during 

CS Read, byte transfer is specified and the 

CS Store signals are activated depending 

on SAR (data address) bit 15. 

SAR bit 15 = CS Store 8.15 

No SAR bit 15 = CS Store 0.7 
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For CS byte operations the inhibit halfword 

is completed by regenerating the second 

byte from SDR. This regeneration is con. 

trolled by the signals Force Regen SDR 

0.7 and Force Regen SDR 8.15. 

These signals are generated during cycle 

steal (T6.T6) by the inactive CS Store sig. 

nals. 

CS DATA OUT 

The SDR bytes PO.7 and Pl.l5 are sent out 

to the CS units via CS data bus when the 

CS Read Latch is off, indicating CS Write. 

The SDR, reset at the begin of the core 

storage cycle (T6), is set by the core 

storage data at T8. 

Since CS Write inhibits both CS Store sig. 

nals (see CS Data in) the Force Regen SDR 

0.7 and 8.15 signals are active and cause 

regeneration of the complete SDR halfword 

during the write time of the current core 

storag e cycle. 

The CS data out bytes are gated to the CS 

data bus by the CS Data Out gate 0.7 and 

CS Data Out gate 8.15. 

During Halfword CS Write (CS Halfword 

latch on) both CS Data Out gates are active. 

For Byte CS Write the CS Data Out gates 

a..re activated dcpcu.ding upon SAR (da.ta 

address) bit 15. 

SARbit15 = CSDataOut gate 8.15 

No SAR bit 15 CS Data Out gate 0.7 

The CS Data out control operates indepen. 

dently from the cycle steal condition. Since 
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the CS Read and CS Halfword Latches are 

only reset/set according to the required 

CS operation when Any CS Request is active, 

the Latch conditions are lllaintained until 

reset/ set during the next following Any 

CS Request tiITIe. Thus, CS Write (as well 

as CS Read) condition is ITIaintained until 

the next CS request occurs and the SDR 

activates the CS data bus even if the CS 

operation has been terITIinated. 

Since the CS units accept data on the CS 

data bus only when the corresponding CS 

Select signal is active (tiITIed by Cycle 

Steal Latch, T6-T6), the data on the CS 

data bus outside the cycle steal period 

are ineffective. 

CS MODIFIER CONTROL 

During CS operations the ITIodifier is con­

trolled by IncreITIent or DecreITIent signals 

generated in the CS Modifier Control cir­

cuits. The CPU internal ITIodifier control 

is blocked by Any CS Request. The CS 

Modifier Control generates the IncreITIent 

or DecreITIent signals, necessary to up­

date CS data addresses and field lengths, 

depending upon the transferred data forITIat 

(CS Halfword/Byte) and the CS interface 

control signals CS IncreITIent and CS De­

creITIent. A cOITIprehensive tiITIing chart is 

given in figure 2 -.z.,. The control bus 

signals CS IncreITIent and CS DecreITIent, 

generated in the requesting CS unit, are 

exclusive and a CS Interface Check occurs 

if both signals are on or off siITIultaneously; 

Data Address Updating during CS 

The Data Address defines the core storage 

position (Byte or Halfword) which provides 

(CS Write) or accepts (CS Read) CS data. 

The data address is updated for each CS 

request to provide the core storage address 

for the next following CS Request forced 

by the saITIe device. 

For updating, the data address is placed 

into MAR at T5 (LS to MAR, Any CS Re­

quest). The updated data address (Modi­

fier output) is placed back into its LS re­

gister at T7 (LS Write). Thus, the ITIodi­

fier control signal ITIust be active froITI 

T5 until T7. 

The four ITIodifier control signal, which are 

generated for data address updating, are: 

CS IncreITIent by 1 

CS IncreITIent by 2 

CS DecreITIent by 1 

CS DecreITIent by 2 

IncreITIenting or DecreITIenting is defined 

by the control bus signals CS IncreITIent 

or CS DecreITIent active. 

The control bus signal CS Byte defines that 

either a byte (CS Byte act ive) or a half­

word (CS Byte inactive) has to be trans­

ferred during the current CS operation. 

Byte transfer forces IncreITIent or Decre­

ITIent by I, while halfword transfer (two 

bytes) forces IncreITIent or DecreITIent by 2. 

The forced IncreITIent or DecreITIent signals 

are gated to the ITIodifier circuits by Any 

Request at tiITIe T 4 to T 7 . 
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Field Length Updating during CS 

The CS field length, indicating the nUIn­

ber of CS operations to be perforIned, is 

updated during a CS operation at T8 to T2. 

Since the field length is always decreInen­

ted, the transferred data forInat decides 

whether the field length is decreInented 

by 1 (Byte transfer) or by 2 (Halfword 

transfer). The control signals for field 

length updating are applied to the Inodifier 

gated by Cycle Steal Latch active and the 

tiIne T8 to T3. 

CS Counter Zero 

The CS Counter Zero signal is an Inter­

face signal sent to the requesting CS unit. 

This signal, active at T3, inforIns the CS 

unit that the field length has been decreased 

to zero during the current CS operation. 

The CS Counter Zero signal is generated 

depending upon the MAR contents (field 

length) and the transferred data forInat 

(indicated by CS Halfword Latch). 

For Byte transfer the field length is de­

creInented by 1 and the CS Counter Zero 

signal is activated when the MAR contains 

/0001/ (MAR bit 0-13 zero and MAR bits 

14-15 = 0-1). 

Note that the signal is generated depending 

upon the field length before updating by the 

Inodifier , which provides the decreInent 

result /0000/ at its output. 

For Halfword transfer the field length 

is decreInented by 2 and the CS Counter 

Zero signal is activated when the MAR 

contains /0002/ (MAR bits 0-13 zero and 

MAR bits 14-15 = 1-0). 

CS Counter Carry 

The CS Counter Carry signal is activated 

during a CS operation when the field length 

is decreased below zero. This signal is 

active as long as the Inodifier control signal 

(CS DecreInent by 1 or 2, T8 to T3) is 

applied. 

CS Modified SAR Bit 15 

The signal CS Modified SAR bit 15, sent 

out to the CS units, is generated during a 

CS operation depending upon the transferred 

data forInat and SAR bit 15. The data forInat, 

byte or halfword, is defined by the CS Half­

word latch on or off. During halfword opera­

tions the Inodified SAR bit 15 is active when 

SAR bit 15 is on. 

During byte operations the Inodified SAR 

bit 15 is active when SAR bit 15 is off. 

Checks during CS Operatic:1S 

The checks which can occur during CS 

operations are: 

CS Address Check 

CS Inhibit Check 

CS Interface Check 

These checks do not stop CPU (Process 

Check) iInInediately. The check condition 
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indicated by an active check latch is sent 

to the requesting CS unit, which saves the 

check condition in latches and forces a 

Trap Request. 

The Trap Request forces the CPU by PL 

switching to branch to a micro program 

routine which services the check con. 

dition. 

CS Address Check 

The CS Address Check Latch is activated 

at T7 (MAR contains data address, T5 to 

T7) when the MAR contains an address 

which specifies a core storage position 

outside the customer area (Address Check 

Condition High or Low). CS Address Check 

turns off CS Read Latch to prevent writing 

into a core storage position outside customer 

area. 

CS Inhibit Check 

The CS Inlibit Check Lat ch is activated at 

T3 during the write period of the CS core 

storage cycle (Cycle Steal Latch active), 

but only when the CS Read Latch (data 

from CS unit to core storage) is turned 

on. 

The check is forced when the inhibit bytes 

PO to 7 or PI to 15 are even at T3. The 

erroneous data is written into core stor. 

age. 

CS Interface Check 

The CS Interface Check latch is turned on 

during the period T4 to T7 when both or 
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none of the CS control bus signals (CS 

Read/CS Write, CS Halfword/CS Byte, 

CS Increment/CS Decrement) are active. 

The CS Interface condition (latch active) 

is sent to the four possible CS units (de. 

vices 1, 2, 3, and 4) via separate bus 

lines. Which bus line has to be activated 

is decided by the active CS Request latch. 

CS Interface Check turns off the CS Read 

Latch to prevent writing into core storage. 

CS Test 

The CS Test circuit allows unconditional 

activating of the three CS check latches for 

test purposes (in the CS units). 

The CS Test latch, which forces turning 

on of the CS Address and CS Inhibit Check 

Latches at T8, is set during the first cycle 

of any I/O read operation. The CS Test 

Latch is activated by no CS Increment 

and CS Decrement control bus signal and 

the other control bus signal valid. 

No CS Increment and CS Decrement turns 

on the CS Interface Check Latch and for­

ces the signal CS Re.Address, which pre. 

vents data addreuupdating by blocking 

the CS Modifier control !lignal (data ad-

dress is moved through the modifier un. 

changed). However, the field length is 

decremented according to the indicated 

(CS Byte/CS Halfword) data format. The 

Test and check latch are reset during the 

next CS request (Any CS Request active). 
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cycle 0 (End Op si gnal s), which is 

out of the normal sequence (0 to 3). 

Depending upon the instruction in process, 

the following signals are generated: 

End OP CY 0 

End OP CY 1 

End OP CY 2 

Skip CY 0 to CY 2 

Skip CY 0 to CY 3 

Skip CY I to CY 3 

See figure 4-61 in the FEMDM. 

CYCLE CONTROL FOR OPERATIONS 

WITH AUTOMATIC LENGTH COUNT 

• 

• 

• 

• 

• 

• 

ALC operations can be micro-instruc­

tions or MANOP's. 

ALC operations repeat required 

functions until an End Op condition 

occurs. 

The function cycles ( I to 3 ) are re­

peated controlled by Skip to repetition 

signals. 

ALC operations require indirect ad­

dressing (operands in Main Storage). 

The number of halfwords or bytes to be 

processed is specified by a field length. 

The field length is stored in specified 

LS registers. 
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• 

• 

• 

• 

• 

• 

Normally the ALC operations ends when 

the field length is decreased below zero 

(Decrement Carry). 

Packed Decimal Instructions provide 

two field lengths; one for each operand. 

For Packed Decimal Instructions the 

Decrement Carry is stored in Length 

Count Latches and the operations end 

when both field lengths are decremented 

below zero. 

A CLC, ALC, operations ends either 

if the field length is reduced below zero 

or when the compare result is unequal. 

The IAR updating for ALC instructions 

is performed in the last cycle of the 

complete ALC operation (End Op con­

dition) 

IAR updating in the last cycle allows 

recalling of the instruction after interrup­

tion by trap requests. 

• The operand addresses are automatically 

updated. 

Automatic Length Count (ALC) operations can 

be either micro-instructions or MANOP's. 

ALC operations start with cycle 0 and repeat 

the required function cycles I, 2 , or 3 until 

an End Op condition occurs. The repetition 

of the required cycles is controlled by the 

skip to repetition signals, which switch the 

Long Time Clock accordingly. 

The common requirement for ALC operations 

is that the operands are in Main storage (in­

direct addressing) to provide strings of data 

(halfwords or bytes). 
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The number of halfwords or bytes to be pro­

cessed is specified by a field length in a fixed 

LS register. 

Move, Binary Arithmetic, and Logical In­

structions with ALC 

These micro-instructions are 

1. MVH, MVB, MVN, MVZ 

2. AH, AHSC, SH, SHSC 

3. AND, OR, XOR (for CLC see CLC 

with ALC) 

The prerequisites to operate using ALC are: 

1. Both operands must be located in 

Main storage (XX type instruction; 

OP REG bits 8 and 12 on). 

2. The RI field must address LS register 

3, which defines the start address of 

the To-field (first operand). 

3. The R2 field must address LS re­

gister 5, containing the start ad­

dress of the From-field (second 

operand). 

4. LS register 1 must contain the field 

length. 

The ALC instructions start with cycle 0 

(delta cycle 0). 

At TI the micro-instruction is set into the 

OP REG and the OP REG Decode signals are 

active. Since no End Op condition exists, the 

required skip to repetition signal (Skip CY 3 

to CY 1) is active, too. However, this signal 

is affective during cycle 3 only. 

The Long Time Clock is advanced either auto­

matically or by skip ahead signals (MVH, 

MVB ; Skip CY 1 to CY 3) until after cycle 3. 

At the end of cycle 3 the Long Time Clock 

is set again to cycle 1 (Skip to repetition; 

Skip CY 3 to CY 1). 

During the function cycles (1,2 or 3), the 

field length (LS register 1) is decremented by 

1 or 2 (cycle 1) and the data addresses are 

incremented by 1 or 2 depending upon the 

operated data format (byte or halfword). 

Especially for MVH and MVB, the data ad­

dresses can be incremented or decremented 

depending on the required proces sing direc­

tion. Micro-instruction bit 6 defines either 

incrementing (bit 6 off) or decrementing 

(bit 6 on). 

End Op ALC 

The End Op condition for the Move, Binary 

Arithmetic, and Logical instructions is the 

carry (Decrement Carry 0), which occurs 

during cycle 1 when the field length is decre­

mented below zero. The Decrement Garry 0 

signal is active as long as the corresponding 

decrement by 1 or 2 signal (T8 to T3, CY 1). 

Thus, the End Op gate timed by cycle 1 (T 1_ 

T8) is active from TI to T3. 

The End Op gate sets the End Op latch at T3. 

The active End Op latch disables the Skip to 

repetition (Skip CY 3 to CY 1). Thus, the 

Long Time Clock advances from cycle 3 to 

cycle 0 (start next micro-instruction). 

The End Op latch is reset at T3 during cycle 

o of the next micro-instruction. 
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Packed Decimal Instructions withALC 

For packed decimal instructions (AF, SP, 

ZAP, PPC), ALC functions only when 

operating in program level 0 (CPU program 

level). 

ALC is performed when: 

l. XX type instruction 

2. RI field specifies LS register 3 

3. R2 field specifies LS register 5 

4. Operand 1 field length is in LS 

register 1 

5. Operand 2 field length is in LS 

register 0 

Both field lengths are decremented by one 

each time a byte is processed. The operand 

addresses in LS registers 3 and 5 are incre­

mented by one. 

The operations start with cycle O. The skip 

to repetition signal Skip CY 3 to CY I is active 

when the micro-instruction is placed into the 

OP REG (OP REG Decode and bits active). 

The three function cycles 1, 2 and 3 are per­

formed in sequence (the Long Time Clock 

advances automatically). At the end of cycle 

3 the Long Time Clock is set to cycle I (Skip 

CY 3 to CY I) and the cycles 1, 2 and 3 are 

performed again. The procedure is repeated 

until both field lengths are counted below 

zero (Decrement Carry O). 

Length Count Latches 

The three Length Count (LC) latches (AUX-&.CL1 

LCL, LC2) store the Decrement Carry 

o information when one of the field lengths 

is decremented below zero. 
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Storing the Decrement Carry information is 

necessary, since after a carry has occured 

the field length is /FFFF /. This value will 

be further decreased during the following 

repetitions (until the other field length is de­

creased below zero). 

LS register 0 (operand 2 field length) is de­

cremented by one during cycle I, while LS 

register I (operand I field length) is decremen­

ted by one during cycle 2. 

Thus, a Decrement Carry 0 can occur at TI 

to T 3 during both cycles. 

The LC latches are set at T3 either during cycle 

1 (LC 2 latch; field length operand 2) or during 

cycle 2 (A UX LC 1 and LC 1; field length op­

erand I) when a Decrement Carry 0 occurs. 

LC I and LC 2 latch on generates the LC End 

Op Gate. The active LC End Op gate turns on 

the End Op latch at T 3 during cycle 3 (End 

OP gate). 

The active End Op latch prevents the skip to 

repetition and the Long Time Clock advances 

automatically from cycle 3 to cycle 0 (start 

next micro-instruction). 

The LC latches are reset at T7 after the End 

Op latch has turned on. The End Op latch is 

reset at T3 during cycle 0 of the next instruc_ 

tion. 

CLC with ALC 

The prerequisites to perform CLC with ALC 

are: 

1. XX type instruction (byte compare), 

2. RI field specifies LS register 3 

(fir st operand addr e s s) , 

3. R2 field specifies LS register 5 

(second operand address), 
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BASIC CPU OPERATIONS 

• 

• 

• 

• 

CPU Basic Operations are executed 

by CPU circuits directly. 

Basic operations are: 

1. Micro-Instruction Operations, 

2. Circuit controlled Manual 

Operations (MANOP's), 

3. Cycle Steal Operations, 

Basic operations (micro-instructions) 

execute the actions called for by the 

machine language (customer program) 

instructions. 

To do this a more or less expansive 

chain of individual micro instructions 

(micro program)is required. 

MICRO-INSTRUCTION-OPERATIONS 

Micro-Instruction operations are defined 

by the Op code of the micro-instructions. 

Since 43 different Op codes are available 

also 43 basically different operations are 

perfprmed. 

The number of different operations is ad. 

ditionally extended by direct or indirect 

operand addressing, which also influences 

the run down of micro.instructions. 

CHAPTER 3 PRINCIPLES OF OPERATION 

Micro-instruction operations require 1 

to 4 CPU cycles (cycle 0 to 3) to execute 

their functions indicated by the Op code. 

Every micro-instruction operation starts 

with delta cycle and cycle O. However, 

depending upon Op code and direct or in­

direct addressing the micro-instructions 

can be terminated after any of the four 

possible cycles. 

Since micro-instructions are stored in the 

control area (including the auxiliary stor­

age}ci the Main storage every micro-in­

struction operation starts with loading the 

micro-instrnction into the OP REG (Tl, 

start cycle O). After the micro-instruction 

has been placed into the OP REG, the 

further operation is controlled by the OP 

REG decoding signals. 

The control signals necessary to read out 

and to load a micro-instruction into the 

OP REG are generated depending upon the 

delta cycle 0 condition only. Beside loading 

the micro-instruction into OP REG the in­

crementing of the micro-instruction address 

(JAR) by 2 is initiated. 

Flow charts and timing charts for all poss­

ible micro -instruction operations and their 

variations depending upon direct or indirect 

operand addressing are given in the FEMDM, 

2020 CPU, Chapter 5 Operations. 

Since the micro-instruction flow and timing 

charts are all similar in their represent­

ation, only some typical instruction run 

downs are explained in the following sec-
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tions to give in principles how to interpret 

the charts. 

Micro-Instruction Flow and Timing Charts 

General 

Flow chart and timing chart for one micro­

instruction are shown on two pages that 

face each other. The time basic (T-pulses 

and cycles) of both charts are aligned to 

allow referring between both charts. 

Flow Chart 

The upper part of the flow chart shows the 

instruction layout, the description of the 

micro. instruction, and a simplifiecd example 

of the function execute by the instruction. 

The lower part of the chart, the actual flow 

chart, is divided into rows, which are 

assigned to the several CPU data flow com­

ponents. The CPU data flow components 

are represented as blocks which are con­

nected by lines indicating the data and in­

formation flow. 

The vertical lines, aligned with the time 

basis, define the real time at which a func­

tion is executed. 

The data (halfwords) handled during a micro­

instruction operation are generally ex-

pre .. ed by four hexa-decimal digits. The 

hexa-decimal digits are represented either 
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true (0 to F), or as undefined digits 

(N, DO, X, Y). 

Beside hexa-decimal values, terms (u­

instruction, u.instr. addr, NSI) are used 

to represent data or information. 

Take into consideration the data registers 

(SDR, FDR, TDR) and the address registers 

(SAR, MAR) as well as the local store re­

gisters are controlled by reset/set signals. 

On the other hand there are unlatched data 

flow components, like Shift Unit, Invert 

Switch, ALU, Modifier, and Inhibit Switch, 

which only provide the required data when 

the correct input data is available and the 

corresponding control signals (e. g. , FDR 

Invert, shift by 2, Increment by 2) are 

active. 

Timing Chart 

The timing chart shows the main control 

signals generated depending upon the micro­

instruction bit pattern in the OP REG or 

generated depending upon the active delta 

cycle or cycle. Take into consideration 

that the timing chart shows the control 

signals, necessary to execute the micro­

instructiin as shown in the flowchart, as 

well al 'DOWT CARE' signals, which are 

generated without affecting the operation. 

Examples of Micro-Instruction Operations 

Load Byte Immediate - LBI (FEMDM, 

2020 CPU, figure 5-2) 

The LBI-instruction loads one byte into a LS 

register. As shown in the instruction layout 
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the byte to be loaded is carried by the instruc­

tion itself (immediate data, bits 8 to 15), 

while the LS register into which the byte has 

to be loaded is specified in the TO - Reg field 

(bits 6-to 7). 

The micro instruction operation starts 

at T4 with delta cycle 0 (delta cycle latches 

of the Long Time Clock are turned off). 

Micro-Instruction Addressing: At T5 the 

address in the IAR of the LS Zone speci­

fied by the present New PL (New PL zone 

gate active) is moved into SAR. This in­

struction step is controlled by the signal 

LS to SAR, which activates the SA gate 

(read LS) and gates the LS data out bits 

into SAR. LS to SAR and the X-address 7 

(IAR = LS register 7) are forced by delta 

cycle 0, T5. 

Note that the instruction address is set into 

SAR before start of the next core storage 

cycle (T6 = start read). 

IAR Updating: At T6 the IAR, still con­

taining the instruction address, is moved 

into MAR by the active LS to MAR signal 

and the forced X-address 7. LS to MAR 

activates the SA gate and controls the MAR 

input. After the address has been placed 

into MAR, it is applied to the Modifier, 

which is controlled by the active modifier 

control signal Increment by 2. Thus, the 

updated instruction address (+2 = next se­

quential instruction address, NSI) is avail­

able at the modifier output. Note the mo­

difier control signal Increment by 2 is 

always active when no other increment or 

decrement signal is generated. 

The modifier output (updated address, NSI) 

is moved into IAR at T2. This step is con­

trolled by MAR to LS, the forced X-address 

7 and the LS Write signal. 

Note that LS Write generates the Bit Timing 

signal (pulse B) which is the reset/set 

signal for the addressed LS register. 

Read out and Regenerate Micro-Instruction: 

During read time of the core storage cycle, 

the sense bits of the core storage position 

defined by the micro-instruction address in 

SAR are set into SDR at T8 (micro-instruc­

tion in SDR). 

Note that SDR is reset at each T6. 

The control signal SDR to Inhibit, active 

for cycle 0, provides the SDR contents 

to the Inhibit Switch for regeneration 

during the core storage write time. 

Note that the address used to read out the 

instruction is still available in SAR during 

write time (until T 5). 

Micro-Instruction to OP REG: The micro­

instruction in SDR is applied to the OP 

REG. The reset/ set signal, which allows 

the instruction to enter the OP REG, is 

generated at TI (start cycle 0) when the 

Set OP REG gate is active. The Set OP 

REG gate is activated by delta cycle 0 

and no Process Check. Thus, in case of 

any process (CPU) check, the instruction, 

which causes the check, is saved in OP 

REG and can be displayed (CE) for trouble 

shooting. 
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SDR to TDR,:_ At T2 the SDR contents (micro 

instruction) is placed into TDR by the sig_ 

nal SDIt to TDR active. The signal SDR 

to TDR at T2 is generally generated during 

the cycles 0,1, and 2. 

Logical Unit: The control signals of the 

logical Unit, which is combined by Shift 

Unit, Invert Switch, and ALU, are generally 

timed by cycles. However, the expected 

result is not available at ALU output until 

the correct operands are placed into TDR 

and FDR. That means for the current 

example, that the Logical unit is already 

controlled at TI, but the correct input 

data are placed into TDR at T2 (SDR to 

TDR). 

The Eight Shift is controlled by the signaI-s 

TDRO-7 toSUO-7 andTDR8-15to SU 

8-15, which are activated by the turned 

on Not Shift 8 Latch (cycle 0, T2). No 

Shift by 2 or 4 signal is activated and that 

causes the Not Shift 0 -7 and the Not Shift 

8-15 signal. The suppress circuits are 

controlled by the signals Suppress 0-3 and 

Suppress 4-7. 

Depending upon the active Shift Unit con­

trols only the highorder byte (Op code and 

To-register) of the TDR halfword is sup­

pressed. Since suppressed data is set to 

zero (parity is corrected) the halfword 

applied to the ALU input provides the im­

mediate data byte (XX) in the loworder byte 

and the highorder byte set to zero. 

The Invert Switch, controlled by the signals 

FDR true 0-15 and FDR Invert 0-15 forces 

zeros at its output. This zero forcing can 

be considered as suppressing. 
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The both halfword operands are exclusive 

ORed (OE) by the ALU. Since exclusive 

ORing against zero does not affect the data 

of the second operand, the ALU result 

provides the immediate data in the low­

order byte and thehighorder byte zero. 

The ALU result is available for cycle 0 

(no change of the control signals and data 

in TDR). 

ALU to TO-Register: The ALU halfword 

is provided to the local store input at T5 

(ALU to LS). The LS register address is 

provided by the Old PL (Old PL Reg se­

lected by the Old PL zone gate), and the 

X-address which bases on the decoding 

of the TO-REG field is allowed by the TO­

REG Select signal. 

The reset/set signal for the addressed LS 

register (Bit Timing) is generated by LS 

Write at T8. LS Write is suppressed if 

the TO-REG field defines the IAR (X­

address /7/ ) and the ALU output data is 

lost. After T8 the TO register (101 to 161) 

contains the immediate data in the Iow­

order byte and the highorder byte is zero. 

Initiating the Next Micro-Instruction: 

When the LBI has been set into OP REG, 

the End OP cycle 0 "Iignal is activated 

depending upon the Op code (OP REG De_ 

code signal). The En d ()p ('yde 0 signal 

prevents advancing of the Long Time Clock. 

Thus, after LBI delta cycle 0 a new delta 

cycle 0 starts. 

During this following delta cycle 0 reading 

of the next micro instruction is performed. 

This reading starts with moving the IAR 
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to SAR at .. T5 (still shown in the flowchart) 

Remember that this. step is performed 

using the Select LS- Y signal which is 

generated depending upon the New PL (New 

PL Zone gate). If the New PL has been 

changed in the meantime by an incoming 

higher priority trap request, or by resetting 

a PL another LS zone is defined and the 

iAR of this new zone is moved to SAR in­

stead of the IAR containing the NSI (old 

zone). 

Note the next miCl'O instruction starts (del­

ta cycle O}functions of the next instruction 

use the zone addresses of the New PL while 

the current instruction uses still the old 

zone address. This simultaneously oper­

ating in two different zones is controlled 

by the Old and New PL zone gates. 

ADD Packed Byte - AP, XX-Type 

(FEMDM, 2020 CPU, figure 5-130) 

The AP instruction, XX-type, adds two 

packed bytes decimal. Both operand bytes 

are in core storage and are specified by 

addresses available in the LS register 

defined by the TO-and FROM field in the 

instruction. The AC bit (Address Check 

bit) on allows testing of the operand ad­

dresses to be within the customer area. 

An Address Check forces Trap Request 

2 which causes a circuit controlled branch 

(new IAR used) to the Address Check 

micro-program routine. 

An occuring carry is saved in the Carry 

Latch and the Condition Code is set un­

conditionally. 

Every time an operand byte has been read 

out from core storage the corresponding 

address is increased by 1. 

The AP instruction, XX-type, is performed 

as Automatic Length Count (ALC) oper-

ation when the To-register field is /3/ and 

the From-register field is /5/. For ALC 

the LS register I contains the field length 

for the To-operand and LS register 0 con­

tains the field length for the From-operand. 

The ALC operation is terminated (End Op) 

when both field length ar~ counted below zero 

(Decrement Carry O). If the field lengths 

are different the following happens: 

Field Length of To-operand larger than field 

length of From-operand: 

When the field length of the From-operand 

is decreased below zero, the remaining 

bytes of the To-operand are added against 

zero. This is achieved by preventing 

Storage Use (no storage operation) for the 

cycles which read out From-operand bytes. 

Field Length of To-operand smaller than 

field length of From-operand: 

Storage Use is prevented when the field 

length of the To-operand has been decreased 

below zero. This prevents reading and 

storing of To-operand bytes. The From­

operand bytes are added against zero. The 

overflow latch of the Condition code is 

turned on when the remaining bytes of the 
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From-operand are not all zero. Thus, 

overflow latch active after the operation 

indicates that the To-field was to small to 

accept all bytes of the From-field. 

During the AP instruction, the packed bytes 

are tested to contain valid decimal digits. 

Invalid decimal digits turn on the Data Error 

Latch, which causes a trap request 2. 

However, the data error handling is only 

defined when CPU operates in PL O. 

Delta Cycle and Cycle 0: The IAR is moved 

to SAR to address the micro-instruction. 

The addressed micro-instruction is read 

out (SDR, T8), set into OP REG (Tl), and 

regenerated during write cycle (SDR to 

Inhibit). No IAR updating is performed, 

since LS Write at T2 (Updated instruction 

to IAR) is inhibited by the instruction in 

OP REG. 

Delta Cycle and Cycle 1: The common func­

tion of cycle 1 is reading the From-operand 

(valid for all micro-instructions). At delta 

CY 1, T5, the address is moved from the 

From-Reg to MAR and SAR. The modifier 

is controlled by Decrement by 1 (T4-T3, 

delta CY I). The address in MAR is checked 

at T6 when the AC bit is on. At T7 the 

decremented From-address is set into the 

From-Reg (LS Write). 

At delta CY 1, T8, LS register 0 (field length 

From-operand) is moved to MAR, The 
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modifier is still controlled by Decrement 

by 1 (active during delta CY I). At T2, 

the decremented field length returns to 

LS register 0, but only when ALC is 

specified. No ALC suppresses LS Write 

at T2. 

When the field length is decremented below 

zero, a Decrement Carry 0 occurs. This 

decrement carry is generated as long as 

the field length is available in MAR and 

the modifier control signal (Decrement 

by I) is active. 

The Decrement Carry 0 turns on the 

Length Count Latch 2 at T3. For ALC 

operations LC Latch 2 active prevents 

Storage Use during the following repetitions 

of cycle 1 (prevents further reading of 

From-operands). No Storage Use force the 

From-operand bytes to zero (parity is 

corrected). 

As sumed that the LC latch 2 is off , a 

core storage cycle is performed. At T8, 

the halfword, addressed by the From­

address in SAR is read into SDR. This 

halfword is regenerated during write time 

of the current core storage cycle (SDR 

to Inhibit From-address still in SAR). 

At T2, cycle 1, the SDR halfword is moved 

to TDR. To select the operand byte out of 

the TDR halfword, the Eight Shift is con­

trolled by SAR bit 15 (SAR still contains 

the From-address). 

The active signals Suppress 0-3 and 4-7 

suppresses the byte not specified by the 

address in SAR (highorder). Within the 

Shift Unit the operand byte (loworder) is 

tested for being packed (Data Error, Trap 



Request 2). The highorder byte of the half­

word, provided by the SU to the ALU, is 

zero (Suppress 0-7), while the loworder 

byte carries the operand byte. 

The Invert Switch is forced to ones, since 

no invert switch control signal (True or 

Invert) is generated. 

Invert Switch halfword and SU halfword 

are exclusive ORed (not ALU control gate 

active) by the ALU. This exclusive ~Ring 

inverts the SU halfword. 

The Six Correction circuits activated (AP 

and no Carry bit 8 and 12 during OE oper­

ation) and the constant 161 is subtracted 

from the inverted, loworder operand byte. 

The highorder byte is not affected by the 

six correction. 

The resulting ALU halfword is set into 

FDR (ALU to FDR) at T8, end of CY 1. 

The FDR has been reset before at T6, CYl, 

by the FDR Reset Signal, generated depending 

upon the active ALU to FDR condition. 

Delta Cycle and Cycle 2: The common 

function of cycle 2 is reading the To-op­

erand (valid for all micro-instructions). 

At T5, delta CY 2, the address is moved 

from the To-Reg to MAR and SAR. The 

modifier is controlled by Decrement by I, 

however, the updated operand address is 

not set back into the To-Reg, since at T7, 

delta CY 2, no LS Write is generated. This 

ens~res that the To-address is unchanged 

for the store cycle 3, which needs the 

origin To-address to store the result. 

The To-address in MAR is tested at T6 

for being valid when the AC bit is on. 

For updating the To-operand field length 

the halfword in LS register 1 is moved into 

MAR at T8. The modifier is controlled 

by Decrement by 1. LS Write is activated 

at T2, but only when an ALC operation is 

specified, and the decremented field length 

is set into LS register 1. A Decrement 

Carry 0, which occur s when the field length 

is decreased below zero turns on the LC 

Latch 1 which prevents Storage Use for the 

To-operand cycles (CY 2 and 3) of the 

following ALC repetitions. The halfword, 

defined by the To-address in SAR, is read 

out into SDR and regenerated. At T2, the 

halfvvord is set into TDR. The Eight Shift 

selects the To-operand byte depending 

upon SAR bit IS (Not Shift 8 Latch). 

The SU suppresses the highorder byte 

(Suppress 0-4 and 4-7). The SU halfword 

applied to the ALU shows the true To­

operand byte in the 10worder byte while 

the highorder byte is forced to zero by 

suppressing. 

The Invert Switch, controlled by FDR In­

vert 0-15, provides the modified From­

operand (Inverted and six corrected) in 

FDR inverted to the ALU. 

The ALU is controlled by the Adder gated. 

If the Aux Carry Latch has been set by a 

carry in a previous AP operation, a one 

is additionally added (Additional Carry) 

to the ALU result. The six correction 

circuits are activated when during the ALU 

operation no carry (no Carry bit 8 and 12) 

occurs out of the two four-bit positions of 

the loworder byte. (A carry, which occurs 

out of the loworder byte (ALU Carry bit 

12, before six correction) during adding. ) 
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The input condition of the Logical Unit 

(FDR, TDR) and all necessary control 

signals remain also dUl'ing CY 3. 

Delta Cycle and Cycle 3: The common func­

tion of cycle 3 is storing the result into 

the core storage position of the To-operand 

(valid for all micro-instructions). 

At T5, delta CY 3, the To-address, not 

updated during delta CY 2, is moved to 

MAR and SAR. The address is tested at 

T6 (AC bit on) and decremented by 1. The 

updated To-address is set into the To­

Reg at T7 (LS Write active). 

At T8, delta CY 3, the IAR updating, pre­

vented during delta CY 0, is initiated by 

moving IAR to MAR. The modifier is con­

trolled by Increment by 2. The LS Write 

signal, generated at T2, sets the updated 

micro-instruction addr.ess back into IAR. 

This LS Write signal is only activated when 

both field lengths are decremented below 

zero. 

This IAR updating depending upon End Op 

conditions allows recalling of ALC oper­

ations (updated operand addresses and field 

lengths are available) after interruptions 

by trap requests. 

During CY 3, the halfword, defined by the 

not updated To-operand address in SAR 

is read into SDR. During write time the 

loworder ALU byte is moved into Inhibit 

highorder or lower byte depending upon 

SAR bit 15. (ALU 8-15 to Inhibit 0-7 or 

8_15). The second Inhibit byte is provided 

by SDR (SDR 0-7 or 8-15 to Inhibit). 
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A carry, which occurs out of the loworder 

byte (ALU carry bit 12, before six correc­

tion) turns on the Carry Latch at Tl. 

The condition code latches are set accor­

ding to the result condition. 

The three possible condition codes are: 

Result Zero 

Result not Zero 

Overflow 

When the condition code has once been set 

for Result not Zero, further Condition 

code settings are suppressed, since this 

condition is true for the complete oper­

ation. 

Overflow indicates set the To-operand 

field was to small to accept all coincide 

bytes of the From-operand field. 

Repeating of cycles during ALC operations 

is controlled by the Skip to repetition sig­

nals (AP - ALC = Skip CY 3 to CY 1), which 

are activated depending upon the instruction 

in the OP REG. These skip to repetition 

signals prevent Long Time Clock advan­

cing to cycle 0 after cycle 3. However, 

Skip to repetition signals are prevented 

when the End Op condition occurs (AP-ALC, 

both field lengths below zero = LC latches 

1 and 2 turned on) and the next micro­

instruction operation is initiated by moving 

the NSI (IAR) to SAR (delta CY 0, T5). 
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CIRCUIT CONTROLLED MANUAL OPERATIONS 
(MANOPS) 

Information on the following circuit controlled 

manual operations was not available at time of 

printing: 

1. Storage alter 

2. Storage fill 

3. Storage display 

4. Storage scan 

5. Storage test 

6. LS register alter 

7. LS register display 

8. Initial control program load 

9. CPU log in 

CYCLE STEAL OPERATIONS 

Information on the cycle steal operations was 

not available at time of printi~g. 

MICRO-PROGRAM OPERATIONS 

• Micro-program operations execute machine 

language instructions (customer program) 

as well as special functions like System Re­

set, Program Load, and micro-program 

controlled manual operations (Instruction 

Step, Addres s StoP. etc. ) 

• For micro-program operations concerning 

CPU refer to FEMDM, 2020 CPU, Appendix 

B. 

• For micro-program operations concerning 

I/O's refer to the appropriate attachment 

FEMDM or FETOM. 
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I/O attachments, channels, and control features 

allowing I/O devices to be connected to the CPU 

are considered as features. 

For details of these features see the appropriate 

IBM Field Engineering Theory of Operation 

manuals (FETOM's). 

CHAPTER 4. FEATURES 
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POWER SUPPLY AND POWER DISTRIBUTION 

• 

• 

• 

The CPU power supply provides all 

necessary ac and dc voltages. 

The main line power is applied to the 

power supply via a filter when the main 

circuit breaker is closed. 

For power on or off, the contactors 

are switched in a sequence controlled 

by the sequence control circuits. 

The CPU power supply circuits distribute 

the ac voltages and generate and distribute 

the necessary dc voltages. 

To distribute the ac and dc voltages to the 

several I/O units, female plugs are pro­

vided at the CPU power tower to connect 

I/O power cables. 

Power supplies for 60 or 50 Hz differ in ac 

components like transformers, overload 

switches, etc., but the general control is 

similar for both power supply types. 

The main line enters the power supply via 

a filter which suppresses all frequencies 

others than the required main line frequency 

(50 or 60 Hz). When the main circuit 

breaker (CB) is closed, 24 volts ac are pro­

vided to the power sequence control circuits. 

Beside this control voltage, 115 volts ac 

CHAPTER 5, POWER SUPPLIES AND CONTROL 

are provided to all convenient outlets (also 

I/O' s) and the 41 volts ac for use meter 

control are generated (transformed). 

Contactors, operated by the sequence control 

circuits during power on, provide the main 

line voltage to the I/O's (via cable) and to 

the dc generating components (Mid Pack 

transformer; DC power supplies, PS). 

The main (Mid Pack) transformer has a 

3-phase primary winding. In 60 Hz machines 

the primary winding can be adjusted by tap­

ping for 230 volts or 208 volts. In 50 Hz 

machines, the primary winding can be adjusted 

to 380 v, 220 v, 235 v, or 195 v supplies by 

jumpers on a switch block (Y -.6) and/or 

by tapping. 

Five secondary windings are wound in 6-

phase start configuration. A sixth winding 

provides the 13 volts dc (after rectification), 

used for line failure detection and missing 

phase detection (50 Hz only). 

Each secondary voltage is rectified by six 

diodes; therefore, a low ripple dc voltage is 

obtained which requires little filtering. 

The obtained dc voltages are supplied to the 

regulation circuits in the Mid Pack modules 

(PS). 

The Mid Pack transformer and the ac distri­

bution are protected by circuit breakers 

(CBls) with thermic and/or magnetic over­

load tripping. 
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Similarly, the dc voltages are also protected 

by CBI s (in the appropriated PS). 

POWER ON/OFF SEQUENCES 

• To initiate Power On, the under voltage, 

• 

• 

overcurrent, and overtemperature 

conditions must be normal. 

The Power On and Off sequence charts 

are given in FEMDM, 2020 CPU, fig. 

6-00 to 6-10. 

EC-controlled timing charts for Power 

On or Off are given ALD pages YB 147 

(60 Hz) and YB 047 (50 Hz). 

EMERGENCY POWER OFF 

• Operating the EPO switch either on the 

CPU customer console or on the I/O 

attached to the SIOC (IBM 1419, 1259) 

removes all power except 24 volt ac 

(power supply control) and 41 volts ac 

use meter power simultaneously without 

sequencing. 

POWER FAILURES 

• 

• 

Power failures initi.ate power off se­

quencing. 

The fact that a power failure has 

occurred can be recognized when the 

Power Ready Light turns off without 

operating the Power Off Key. 

5-2 (5ju8) 

• The type of power failure is indicated 

by the Attention indicators. 

• Power failures can be caused by: 

Main line fa.ilure conditions, 

circuit overloads, 

logical voltages too low, 

overtemperature in any system area. 

Line Failures 

Line failures are recognized by the line 

failure detection circuit or by the missing 

phase circuit (50 Hz only). 

Both circuits are supplied by the 13 volts 

dc, generated by the Mid Pack transformer. 

This voltage is rectified, but not filtered. 

The line failure detection circuit contains 

a reed relay, which is picked when the 13v 

dc are applied. This relay drops, initiating 

power off sequencing, when the 13 v dc in­

put is decreased to approximately 8 volts for 

more than 500 microseconds. These types 

of line failures can be caused e. g. , by static 

on the line or net switchings. 

The missing phase circuit is activated (a 

reed relay picks) in a three phase power 

System, when one phase is missing or too 

low in r elation to the other two line phas es. 

This missing phase condition can occur on the 

main line (street lightning control by drop-

ping uu':: pha.se) 01- within Lhe power supply 

itself (failing contacts). 

The missing phase detection is performed 

depending upon the increasing ripple (13v dc) 

after the six-phase (diodes) rectification. 

The picked missing phase relay generates 
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the logical signal Missing Phase which is 

sent to the CPU circuits. 

This signal turns on the Missing Phase Latch, 

when a Process Check occurs. The active 

Missing Phase Latch is sensed by micro 

program (LOG). 

The picked missing phase relay also allows 

current flow through a delay action circuit breaker 

(mounted on the CE console). About 5 to 10 seconds 

later this circuit breaker operates (push-button out) 

and initiates power off sequencing. Power can be 

turned on again by operating the power on key only. 

If the phase is still missing, power turns off again 

after the thermal delay time. However, power stays 

on if the phase has returned in the meantime. If the 

push-button of the delay action circuit breaker (CE 

console) is out, it indicates to the CE that miSSing 

phase had occurred. After recognizing this fact the 

CE must restore the push-button. 

Line Failure or Missing Phase, causing a 

power off switching, turns on the Power 

Failure and the Line Failure attention in­

dicator on the customer console. 

The CPU has been stopped by the active 

Storage Protect signal (drops Hold Run 

Condition). 

Circuit Overload 

Circuit breakers (CB's) in the ac circuits 

and dc power moduls trip when the current 

exceeds the defined limit. 

Any tripping CB initiates the power off 

sequence and stops the CPU after the current 

cycle by the active Storage Protect signal. 

Circuit Overload turns on the Power Failure 

attention indicator. 

Under voltage 

The Logical dc voltages, +6v, +3v, and 

-3v are applied to a undervoltage sense 

circuit which initiates power off when one 

of the logical voltages exceeds its lower limit. 

The Storage Protect signal is generated which 

stops the CPU after the current cycle. Un­

dervoltage conditions illuminate the Power 

Failure attention indicator only. 

Note: Undervoltage condition can also be 

caused by missing +20 v dc (no 

logical voltage). 

Overtemperatlire 

Within the CPU housing and in several I/O 

boxes thermal switches are mounted at 

temperature-sensitive positions (e. g. , 

top of gates). All thermal switches, in­

cluding I/O's, are connected in series and 

the power off sequence is initiated if one 

of the contacts opens. The Storage Protect 

signal is generated to stop CPU after the 

current cycle. Any overtelnperature con­

dition turns on the Power Failure and the 

Thermal attention indicator on the customer 

console. 

S'J 4 POWER SWITCH 

The SJ 4 power switch controls the Storage 

Protect signal in relation to the +12 volts 

core storage voltage. 

During Power, on the SJ 4 Power Switch en­

sures that the Storage Protect signal (Pre­

vents Storage Use and CPU run) drops after 
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the + 12 volts are present (1 to 100 m.illi­

seconds). 

During Power off , the SJ 4 Power Switch 

ensures that the Storage Protect signal is 

d«-activated 40 to 258 m.icroseconds before the 

+ 12 are below their operating lim.it. 

SJ 2 POWER CONTROL 

The SJ 2 Power Control circuit controls the 

special negative voltages (-15v, -9v to _12v) 

required for SJ 2 m.em.ories in cooperation 

with relays of the power sequence control. 

In m.ain, the SJ 2 power control enables 

rapidly discharging of load capacitors of the 

-15 volts and -9 to -12 volts power supply 

m.odules if the power is turned off by em.er­

gen.cy or by any power failure. 

This rapid voltage drop prevents loosing of 

memory information. 

5-4 (5/68) 



IBM CONFIDENTIAl. 

CHAPTER 6. CONSOLE AND MAINTENANCE FEATURES 

CUSTOMER CONSOLE 

• The customer console is shown in 

FEMDM, 2020 CPU, figure 4_20. 

The customer console provides the switches, 

keys and indicators which are necessary 

to operate and control the system. 

Additional switches and indicators are lo­

cated on the various input/output devices 

whicha-e included in the system. These 

switches and indicators control functions 

or indicate conditions peculiar to the input/ 

output unit on which they are located, and 

are not considered as system controls. 

KEYS 

Power On Key 

• 

• 

• 

• 

Operating the power on key initiates 

power on sequencing in the power supp­

ly control circuits. 

Power on sequencing is prevented if 

a circuit breaker (CB) or circuit pro­

tector (Cp) has been tripped and not 

restored or if a line voltage failure 

exists. 

Operation of the key has no effect if 

power is already on. 

The power on key is a backlighted push-

• 

button which is illuminated when power 

on sequencing is terminated. 

Power on causes System Reset. 

Power Off Key 

• 

• 

Operating the power off key initiates 

power off sequencing. 

If the power off key is operated during 

CPU run, the Storage Protect signal, 

generated within the sequence control, 

stops CPU after the current processing 

cycle (delta process and process drop). 

Start Key 

• Operating the Start key initiates CPU 

run. 

• Operating the start key is ineffective 

when CPU already runs or when a 

process check exists. 

• 

• 

N evertheles s, the CPU can be started 

in case of process check, when the CE 

process check override switch is on. 

Storage or LS Register Alter or Dis­

play operations are repeated until the 

start key is released (Allow Contin­

uous Display or Alter; CE Single 

Cycle and Single Micro-Instruction 

switch off). 
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Depressing' start key turns on the start latch 

and start interlock l~tch if the CPU has been 

stopped. The start interlock latch ensures 

that the start latch turns on only once, even 

if the key eontact bounces. 

During the period at which both latches are 

on,the setup run condition gate is activated. 

The set up run condition gate allows turning 

on of delta process and process latch. Delta 

process and process active allow to perform 

proces sing periods (micro-operations, 

MANOP's, cycle stealing). 

Stop Key 

• 

• 

• 

• 

Operating the stop key, which is a 

backlighted push button, turns on the 

stop latch. 

The turned on stop latch illuminates 

the indicator in the stop key. 

The stop latch is tested during micro­

program by a SENS instruction. 

For normal processing (execution of 

machine language program), the CPU 

stops by HALT micro-instruction at 

the end of the current machine instruc­

tion (delta process and process turns 

off). 

• Operating stop key during Storage Scan 

or Fill stops CPU after the single scan 

or fill operation (handling of one byte) 

just in progress. 

• During Storage Test the CPU stops 

6-2 (5/68) 

after the true compare run, when the 

stop key has been operated. 

System Reset Key 

• Operating system reset key forces 

the systeITI into a basic start 

situation. 

Operating systeITI reset key starts CPU. 

The run and cycle control is set into an 

initial status by Reset pulse (SysteITI Reset 

pulse), and Clock Reset (Long TiITIe Clock 

to delta cycle 0 and cycle 0). 

The Reset pulse initiates CPU LOG in 

(four cycle operation). 

The check latches are reset after being 

logged. The bus lines Reset Condition and 

Special Reset Condition are activated to 

reset the I/O control in the attachITIents. 

After CPU LOG in the ITIicro-prograITI con­

trolled SysteITI Reset routine (start address 

/C002/) is started. 

The SysteITI Reset routine starts with saving 

the logged inforITIation and increasing the 

process check counter if a process check is 

up. After this step the local store is reset 

(LS registe·rs 0 to 6 to zero; IAR's are set 

to start addresses of the different PL rou-

tines; exceptions: LS registers used for 

Svstem R Pt=lpt) 
" - '" 

Within the protected area (first 144 bytes) 

the interrupt priority table, several indicators, 

and the highorder halfword of the PSW (Con­

dition Code, Channel Mask, ASCII ITIode bit, 

Overlap ITIode bit) are reset to zero. 
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At the end of the System Reset routine PL 7, 

which has been forced at system reset start, 

is turned off and the CPU stops by a HALT 

micro-instruction in PL O. After CPU stop 

the E, S, T, R - and P, I, U, L - display 

shows zero (parity bits on). 

Operating the System Reset key while CPU 

is running, stops CPU after the current 

process cycle. However, one cycle period 

later , the CPU starts again (start latch 

turns on) to execute System Reset. This 

restart is necessary to generate reset sig­

nals gated by start latch turned on. 

Load Key 

• Operating the load key initiates rea­

ding the customer program into main 

storage. 

• 

• 

To read a punched card the main card 

reader is started by an XIO machine 

instruction, which is internally COIn­

bined by a micro-program routine. 

The Load Latch is turned on. 

• For Load Key functions during Control 

Program Load refer to the Mode Switch 

description. 

Loading starts with System Reset (CPU LOG 

in, System Reset routine). However, after 

the PL 7 is turned off, the acti ve load latch 

causes a branch to the load routine. 

Within the load routine an XIO machine in­

struction is combined by constants (OP Code 

DO, device address, function specification), 

an address set up in the four Register Data 

or Address switches (BI, DI field), and the 

field length 80 ( /50/ ), which is also avail­

able as a constant. This XIO instruction is 

treated like a normal machine instruction 

and causes reading a punched card .. 

After the ca rd (loader card) has been com­

pletely read the first machine instruction, 

just read from the loader card, is executed 

(addressed by the NSI in PSW, which was 

set according to the Address switch). 

Operating the Load key during CPU run 

causes the same stop_start procedure as 

already described for System Reset key 

with the exception that loading is per­

formed. 

The following conditions must be established 

before the program load function is operable: 

1. 

2. 

The mode switch on the console must 

be in either the process position, address 

stop position, or instruction step 

position. 

Card I/O device no. 1 must be in the 

ready condition. 

The Model 20 may include one or two card 

I/O devices capable of reading cards. In 

order that common program load routines 

may be employed on systems with different 

card I/O equipment, device 2 responds to 

the device 1 (2501 Card Reader) instruction 

when device 1 is not included in the system. 
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The device I instructions to which device 2 

responds are: 

Device 2 Response Device I Instruction 

Read (primary feed 

if 2560) 

Read card 

Branch if reader busy Branch if reader busy 

Branch if reader error Branch if reader error 

A device 2 instruction in a system which does 

not include device 2 is treated as a no-op­

eration. 

I/O Check Reset Key 

• 

• 

• 

This key has no logical functions within 

the CPU circuits. 

Operating the I/O check reset key 

activates a bus line which applies the 

I/O Check Reset signal to all attach­

ments. 

For the attachment functions depending 

upon the active bus line refer to the 

corresponding attachment FETOMI s 

or FEMDM1s. 

SWTTC'RES 

Mode Switch 

Process 

In the process mode, the CPU operates under 

control of the customer program. 

6-4 (5/68) 

If the mode switch is turned from process 

or addres s stop to any other position (except 

instruction step) while the CPU is running, 

operation of the CPU continues as if in the 

process mode until a programmed stop or 

an error stop occurs, or until the stop key 

or system reset key is operated. If the mode 

switch is turned to instruction step, the CPU 

stops as if the stop key had been operated. 

Address Stop (ADR STOP) 

The CPU stops when the customer program 

has reached the machine instruction located 

at the main storage address indicated by the 

register data or address switches; other­

wise, operation is the same as in the process 

m.ode. 

Instruction Step (INSN STEP) 

In this mode of operation, the CPU com­

pletely executes one machine instruction 

for each operation of the start key. 

Storage Display (STOR DPLY) 

The byte located in main storage (at the 

address indicated by the register address 

or data switches) is displayed in the U, 

L display when the start key is operated. 

The addle" .. U.L Lhis byte is displayed in the 

E, S, T, R display. 

Data in the protected area, customer area, 

and control area can be displayed. Address­

ing a not available storage position, the 

U, L display is zero with parity bits on. 
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Storage Alter (STOR ALTER) 

To alter a main storage byte the register 

data or address switches are set according 

to the required address and the byte to be 

entered is set up in the two data switches. 

When the start key is operated the set up 

byte is moved into the selected main stor­

age position. The byte which was entered 

is displayed in U, L. 

The address is displayed in E, S, T, R. 

Normally alter operations are allowed 

within the customer area only. However, 

turning on the CE mode switch (CE console) 

enables the CE to alter bytes in the protec­

ted area or in the control area. 

Display Register (DPLY REG) 

The content (halfword) of the eight General 

Registers and of certain address registers, 

which are located itt the protected area but 

are accessible for the customer, may be 

displayed in this mode. 

The register to be displayed is selected by 

data switch I as follows: 

Data Switch (Hex) Register Selected 

0 (0000) First two bytes of previous 

instruction 

(0001) I-recall address register 

2 (0010) PSW (bits 0-15) 

3 (0011) PSW (bits 16-31) 

4 (0100) 

5 (0101) 

6 (0110) 

7 (0111) 

8 (1000) General register 8 

9 (1001) General register 9 

A (1010) General register 10 

B (1011) General register 11 

C (1100) General register 12 

D (1101) General register 13 

E (1110) General register 14 

F (1111) General register 15 

Operating the start key displays the selec­

ted register in E, S, T, R. 

The hexadecimal number of the selected 

register is indicated in P display. 

The first halfword of the last machine in­

struction executed (op code plus byte 2) 

may be displayed in E, S, T, R, when 

register /0/ is selected (see foregoing 

table). 

In this mode the CE can display local store 

registers when the CE mode switch is turned 

on. For LS register display the LS zone 

is selected by data switch 1 (/0/ to /7/ ), 

while the required register in the zone is 

selected by data switch 2 (/0/ to /7 / ). 

The halfword of the selected LS register 

is displayed in P, I, U, L. 

The E, S, T, R, display shows the values 
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set up in the register data or address switches 

which are not used for LS Display. 

Alter Register (ALTER REG) 

Alter Register mode operates similar to 

the Display Register mode. However, the 

content of the selected register is alter 

according to the hal£word set up in the re­

gister data or address switches. 

The CE mode switch on causes altering of 

a selected LS register also according to 

the hal£word set up in the register data or 

address switch. However, during the LS 

Register Alter operation, the hal£word just 

set into the LS register is read out again 

and compared against the halfword in the 

register data or address switches. An 

unequal compare causes Process Check 

without turning on a CPU check indicator 

on the CE console. 

Storage Scan (STOR SCAN) 

In this mode, the CPU starts at the address 

indicated on the register data or address 

switches when the start key is operated. 

It scans through main aorage (from low 

to high) until a parity error is detected 

or until the stop key is operated. 

Since dUT'ing eat:h single scan cpe:raticn, 

the main storage address is incremented 

by I, the scan continues with address 

/0000/ after the highest possible address, 

which can be expressed in halfword 

( / FFFF /) has exceeded. Storage 

Scan operates in the protected area, cust-

6-6 (S/68) 

orner area, and control area. Note that 

also not available storage positions are 

scanned. 

Storage Fill (STOR FILL) 

In this mode a byte set up in data switches 

1 and 2 is moved into all positions of the 

customer area in main storage. Storage 

Fill starts at the address indicated by the 

register data or address switches when the 

start key is operated. 

The fill operation proceeds from the low­

address positions to the high-address po­

sitions with all possible addresses valid 

(/0000/ to /FFFF /). However, filling 

is suppressed when the address specifies 

a byte position in the protected area or in 

the control area. 

Due to the address incrementing by 1, the 

fill operation continues with address /0000/ 

after the highest possible address has ex­

ceeded. 

Storage Fill stops when the stop key is 

operated. 

Storage Fill mode and the CE mode switch 

on allows the CE to alter also the content 

of storage positions in the protected area 

cs.!lU the control area (micro- program 1S 

destroyed and re-Ioading is required). 

Storage Fill mode and the CE Storage Test 

switch on causes storage test operation, 

which affects the total main storage. 

Storage Test is executed by four different 
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runs during- which each core atorage half­

word position is loaded by ita own addreas. 

These loaded addresses are read out again 

and compared with the origin address. 

An unequal compare causes Process Check 

and the CPU is stopped. Since the address 

is loaded once true and once inverted all 

bits are tested. During the invert, the 

CPU runs operated with inverted parity 

which additionally teata the CPU check cir-

cuita. 

When the stop key is operated, Storage 

Test stops at the end of the true compare 

run to ensure that data in main storage 

is stored with correct parity. 

Control Program Load (CPL) 

The mode switch in this position and the 

and the load key operated causes reading 

of the micro-program into the control area. 

The micro-program card deck is read by 

the main card read device which is also 

used for loading customer programs (see 

load key description). 

When the Load key is operated, the proce­

dure starts with System Reset (CPU LOG 

in, System Reset routine). After System 

Reset the Load Latch and the mode switch 

is tested and a branch to the micro-prog­

ram (control program) load routine is 

performed. 

This load routine is stored in a restricted 

part of the control area and controls loading 

of the micro-program. All necessary 

informations like load address and read 

device specification are provided by the 

micro-program load routine itself. No 

additional switch settings are required. 

Note that the described procedure, which 

is applicable by the cuatomer, requires 

the availability of a control program in 

main storage. 

The initial control program load (ICPL) 

can be performed by the CE only. For 

ICPL, the mode awitch must alao be set 

to CPL and the load key has to be operated. 

However, the CE meter key awitch must 

be set into CE position additionally. 

All necesaary informations like start ad­

dre .. of load field (regiater data or address 

switchea), ICPL device address (data 

switchea land Z) ICPL control data (CE 

Select switch Z), and field length (CE Select 

switches 3 and 4) must be set up. 

Operating the load key initiates the circuit 

controlled reading (MANOP ICPL) of the 

first card (control program loader) con­

taining micro-program load routine by the 

selected I/O device. After the first card 

has been read (field length below zero), the 

load routine is executed as for customer 

control program load. 

Register Data or Address Switches 

• 

• 

The four rotary switches are used 

to set up addresses or data of half­

word format. 

Each of the l6-position switches can 

express any hexadecimal digit (half 

byte digit) from /0/ to /F /. 
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• The- applications of the four switches 

are given in the mode switch description. 

Data Switches 

• 

• 

• 

The two rotary switches are used 

to set up data bytes, addresses of 

General registers (data switch 1 

only), and, for LS display or alter, 

LS zone (data switch 1) and LS re­

gister (data switch 2) specifications. 

Each switch can be set to any hexa­

decimal digit from /0/ to /F/. 

The applications of the two switches 

are given in the mode switch des­

cription. 

Time-Sharing Switch 

• When this switch is on, the execution 

of input/output operations is time 

shared with other CPU operations. 

• When the switch is off, each input/ 

output operation is completely exe­

cuted before the CPU continues with 

the next sequential machine instruc­

tion (burst mode). 

Lamp Test Switch 

• This switch may be employed to visually check 
for faulty indicator lamps. 

• All indicators (CPU and I/O's) should be on 
when the lamp test switch is operated. (except: 
Power Attention Indicators and indicators on 
2311, 2415, 1419 or 1259). 
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Emergency Power-Off Switch (EPO) 

• In an emergency, this switch may 

be pulled to immediately disconnect 

all power from the system. 

• The switch must be manually reset 

by the customer engineer before 

power may be restored to the system. 

Meter Lock-Switch 

• The meter lock-switch switches 

the customer meter and the CE meter. 

• To perform ICPL, the switch must be 

set to the CE position. 

• To run Machine Function Tests 

(MFr's) or the Impulse Check Routine 

(ICR), the meter lock-switch must 

be in the CE position. 

INDICATORS 

P, I, U, L Display 

• This display indicates the To-operand 

(halfword) supplied to the ALU at the 

Shift Unit output. 

E, S, T, R Display 

• This display indicates the From­

operand (halfword) supplied to the 

ALU at the Invert Switch output. 
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Attention lridicator s 

• The Attention indicators show the 

particular condition or the partic­

ular I/O device that has caused the 

system to stop. 

• The operator is guided quickly to 

the respective device and an inspec­

tion of its console defines the stop 

condition in detail. 

Process 

This indicator is turned on as the compre­

hensive indication of any CPU check (de­

tailed indication on the CE console) by the 

Process Check Latch active. All operations 

are halted immediately. The process check 

condition can be reset by operating System 

Reset Key, Load key, or CE CPU Check 

Reset switch. 

Line Failure 

This indicator shows the line voltage pro­

vided to the power supply failed. This can 

be a voltage drop or a missing phase 

(50 Hz only). Power can be restored by 

first pressing System Reset Key and than 

the Power On Key. 

Power 

This indicator shows any abnormal power 

supply condition like over-or under vol-

tages, tripped circuit breakers or circuit 

protectors as well as line failures or thermal 

condition in connection with the correspon­

ding attention indicators. Power can be 

restored after normal power supply con­

ditions exists again, by pressing system 

Reset key and than the Power On key. 

Thermal 

This indicator shows , in connection with 

the Power attention indicator that an over­

heating condition exists either in one of 

the CPU gates or in one of the attached 

I/O devices. For restoring power see 

Power indicator description above. 

Printer 

This indicator shows an unusual condition 

in either the IBM 2203 Printer or the IBM 

1403 Printer. These conditions can be 

mis -firing of hammer s, sync check, or 

forms check. 

SIOC 

This indicator shows that either the serial 

1/6 channel or the device that operates 

through this channel such as the IBM 1419 

or 1259 Magnetic Character Reader has 

an error condition. For example, a jam or 

sort check in the 1419 causes the SIOC­

light to come on. 
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Card 1/0,1 

This indicator shows an unusual condition 

in the IBM 2501 Card Reader. These con­

ditions can be a filled stacker, an empty 

hopper, an open machine cover, a read check, 

a feed check, or a machine check. Machine 

checks usually require action from a 

Customer Engineer. 

Card I/O 2 

This indicator shows an unusual condition 

in either the IBM 2560 Multi-Function 

Card Machine or in the IBM 2520 Reader/ 

Punch {whichever is attached}. The con­

dition can be a filled stacker, empty hopper, 

open machine cover, feed check, read check, 

punch check as well as machine check. 

Card I/O 3 

This indicator relates to the IBM 1442 

Card Punch, Model 5. Conditions such 

as feed check, empty hopper, full stacker 
I 

etc. , cause this indicator to light. 
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2152 

This indicator shows an unusual condition 

in the IBM 21 S2 Printer-Keyboard. These 

conditions can be an end of forms condition, 

a PI check or a P2 check, a typewriter 

power supply failure or disconnected cables. 

ST CTRL 

This indicator shows that either the storage 

control feature or the IBM 2311 disk stor­

age drive has an error condition. 

laC 

This indicator shows that either the input/ 

output channel or the device that operates 

through this channel has an error condition. 

For example, a programming error that 

involves the IBM 2415 Magnetic Tape Units, 

or an interface parity error causes the 

laC -light to corne on. 
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CE CONSOLE 

SWITCHES 

CE Mode Switch 

• 

• 

• 

• 

The CE mode switch on and the mode 

switch in position Display or Alter 

Register allows display or alter oper­

ations of LS registers. 

CE mode switch on prevents upper 

and lower address check and halfword 

boundary check for Storage Alter or 

Fill operations. 

Preventing of address checks, which 

causes regeneration of data read out, 

allows alter or fill of storage positions 

in the protected area and control area. 

CE mode switch on illuminates the 

CE mode indicator. 

Single Cycle Switch 

• 

• 

Single Cycle Switch on prevents Hold 

Run condition and thus, delta process 

and process latches drop again after 

one delta cycle or cycle performed. 

Only one processing period is per­

formed for each start key operation. 

Single Micro-Instruction Switch 

• Single Micro-Instruction switch on 

allows performing of one single 

• 

• 

micro-instruction for each start key 

operation. 

Allow PL Switching condition, which 

defines the last cycle in the micro­

instructions, drops Hold Run Con­

dition (delta process and process drop, 

CPU stops). 

For ALC operations, Allow PL Switch­

ing occurs in the last cycle of each re­

petition. Thus, the start key has to be 

operated as much as' repetitions are 

specified by the field length to terminate 

ALC operation. 

Compare Equal Stop Switch 

• 

• 

• 

Display data, the source of which is 

selected by the CE Display/Compare 

Select switch, are compared with the 

data set up in the CE Select switches. 

The compare equal (Address Equal 

Bits 0 to 15) and the Compare Equal 

Stop switch on drops Hold Run Con­

dition (CPU stops). 

The compare equal also provides the 

signal • - EQUAL SYNC' at T4 

(start delta cycle) which may be used 

for scoping. 

Storage Test Switch 

• Storage Test switch on and the mode 

switch in position Storage Fill allow 
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to execute storage test, when the 

start key is operated. 

Initial Load Loop Switch 

• 

• 

This switch on causes continuous rea­

ding of punched cards by the circuit 

controlled ICPL operation. 

CPU stop by any I/O error is pre­

vented. 

• Continuous ICPL is used for trouble 

shooting if control program loading 

fails. 

Invert Parity Switch 

• 

• 

• 

This switch on and the mode switch 

in position Storage Scan or Storage 

Fill turns on the Invert Parity Latch. 

CPU circuits , able to generate parity 

bits, operate in inverted mode, that 

means, parity bits are generated to 

provide even instead of odd byte parity. 

All parity depending CPU check Latches 

(SAR check, ALU check, Inhibit check, 

etc. ) must turn on, 

• A Process Check (CPU stop) occurs 

when not all check latches turn on 

either by missing or additional bits 

(parity correct: odd) • or if a check 

latch fails to turn on. 
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• The inverted operations affect only 

the customer storage area if the CE 

mode switch is off. 

• To prevent Process Check after Scan 

or Fill with inverted parity (main stor­

age data are of even parity) run Stor­

age Fill with invert parity switch off 

and with Process Check Override 

switch on. 

Process Check Override Switch 

• This switch on allows CPU to function 

as when no Process Check is on. 

• Especially for ICPL and CPL, the 

control program is loaded as normal, 

but the data read in may be. incorrect. 

CPU Check Reset Key 

• 

• 

Operating this push button directly 

resets the CPU check latches. 

Since no other reset functions are 

performed, all check informations are 

maintained and can be investigated 

(displayed) for trouble shooting. 

CPU Reset Key 

• Operating this push button causes a 

reset operation, which can be con-
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• 

• 

sidered as System Reset in single 

micro-instruction mode. 

Run control and Long Time Clock are 

set into their initial start situations. 

CPU checks are reset and the four 

cycle CPU LOG in operation is per­

formed. 

Lamps Switch 

• This switch on allows to illuminate 

the indicators on the CE console. 

Block Feed Check Switch 

• 

• 

This switch on prevents feed check 

conditions in the attached card I/O 

devices. 

The Block Feed Check signal is 

directly applied to the several I/O 

boxes ( not used in the attachments). 

1403 and BSCA CE Switches 

• The functions of these switches are 

given in the corresponding FETOM's 

or FEMDM's. 

Display/Compare Select Switch 

• The Display/Compare Select switch 

selects CPU registers, several CPU 

control conditions (OC U 1 or 2), or 

the common I/O bus (data bus PI to 

15) for display on the CE console. 

tit The display data provida:i by the selec­

ted source may be used for Compare 

Equal Stop or Equal Synch. 

I/O Display 

• 

• 

• 

The Display/Compare Select switch 

in this position allows display of Sense 

data bytes during CPU run or stop by 

the display bits PI to 15. 

The devic e addre s s of the sens e byte 

has to be set up in the CE Select 

switches 1 and 2 (Sense Address Select). 

The device address is directly (not 

from the address bus) displayed in 

display bits 0 to 7 (no parity bit PO). 

• Compare Equal Stop and Equal Synch 

can be performed if the CE select 

switches 3 and 4 are set according 

• 

• 

to the s ens e byte wait for. 

For compare and synch all possible 

sense bits must be taken into con­

sideration. 

Sense sources in the I/O attachments 

as well as in the CPU can be selected. 

2020 FETOM (5/68) 6-13 



IBM CONFIDENTIAL 

• 

• 

Only the loworder byte of halfword 

CPU senses is displayed (SENS/l4/, 

register data or address switches). 

Note that CPU sense data is displayed 

without parity. 

CE Select Switches 

• The four CE Select switches are used to set up 
data (byte/halfword) or addresses needed for 
CE operations (Compare Equal Stop, Equal 
Synch, I/O display) or during ICPL. 

INDICATORS 

CE Mode Indicator (red) 

• This indicator is on when the CE mode 

• 

switch is in on position. 

It signals the CE that any Fill or Alter 

operation may destroy important data 

in the protected area and in the control 

area (Storage Fill or Alter) or in the 

Local store (Alter Register) 

CPU Check Indicators (red) 

• These indicators provide detailed 

check information if a Process Check 

occurs (attention indicator), 

• The indicators turn on when the corres. 

ponding check latch is activated. 
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• 

• 

• 

Note that a Process Check can occur 

without any CPU check indicator on 

if ALU output is not zero during Storage 

Test (Compare Runs) or LS Register 

Alter. 

During Storage Fill or Scan with in­

verted parity the Process Check occurs, 

when not all CPU check latches (ex­

cept BUS and LSA checks) are acti. 

vated. 

This indicator on specifies a local store 

addressing check caused if none or 

more than one X.address or Select 

LS. Y signal is active simultaneously. 

MOD 

• 

• 

• 

This indicator on specifies incorrect 

parity in the highorder or loworder 

modifier result byte. 

Modifier parity bits are predicted 

depending upon the halfword data in 

MAR and the modifier operation to be 

executed. 

This indicator on specifies incorrect 

parity in the highorder or Ioworder 

byte of the TDR halfword after Eight 

Shift (INT SU bits :PI to 15, Shift 

Unit entry, and data bus output). 



ALU 

• 

• 

BUS 

• 

SAR 

• 

INH 

• 

IBM CONFIDENTIAL 

ThiB indicator on specifies incorrect 

parity in the highorder or loworder 

ALU result byte. 

The ALU parity is predicted depen­

ding upon the parity of the two ALU 

input operands (TDR halfword after 

Eight Shift and Invert Switch halfword) 

and is corrected according to the shift 

by 2 or 4 operation, the Suppress 

operation, and ALU operation per­

formed. 

This indicator on specifies incorrect 

parity on the data bus or in the low­

order byte at ALU output during I/O 

operations (SENS or CTRL micro­

instructions. 

This indicator on specifies incorrect 

parity in the highorder or loworder 

SAR byte. 

This indicator on specifies incorrect 

parity in the highorder or loworder 

byte of the halfword just written into 

main storage. 

Delta CyCle Indicators 

• The two indicators displa.y binary the 

delta cyCle condition after CPU stop. 

• Note thatalways the delta cyCle is 

display which should be performed 

as the next. 

CyCle Indicators 

• The two indicators display binary the 

process cycle performed before CPU 

stops. 

Any I/O Busy Indicator 

• ThiB indicator indicates that any 

attached I/O device (also BSCA) is 

operating. 

Any Feed Cell Dark Indicator 

• This indicator on indicates that any 

feed cell in ont' of the attached card 

1/01 s is covered by a punched card or 

that a feed cell fails to operate (de­

fective lamp or defective solar cell). 

LS Zone Indicator s 

• The three indicators display binary the 

Program Level (PL) stored in the 

Current PL Register. 
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• Note that. the New PL can be displayed 

if the Display/Compare Select switch 

is set to OCU 2. 

CE Display Bits PO to 15 Indicators 

• 

• 

These in':licators can display any half­

word data, the source of which is 

selected by the Display/Compare Se­

sect switch. 

Especially for I/O Display the indi­

cators PI to 15 (I/O Sense Display) 

display the data bus conditions, set 

by a source which is selected by the 

device address (CE Select switches 

1 and 2). 

6-16 (5/68) 

MISCELLANEOUS CE CONSOLE COM­

PONENTS 

CPU Remote Control Socket 

• 

• 

The CE remote control box can be 

attached to the socket. 

The remote control box is equipped 

with start key, stop key, and system 

reset key. 

• When the remote control box is 

attached,the start key on the customer 

console is blocked. 

Missing Phase Button 

• The missing phase button is forced 

out to indicate that a line phase was 

missing for more than 5 seconds. 

• The button has only indicator func­

tions and must be restored manually 

for renewed indication. 
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MAINTENANCE FEATURES 

CPU CHECKS 

• 

• 

• 

• 

CPU Checks are: 

Local Store Addressing Check 

(LSA) 

Modif'ier Check (MOD) 

Shift Unit Check (SU) 

ALU Check (ALU) 

Data Bus in Check (BUS) 

Storage Address Register Check 

(SAR) 

Inhibit Check (INH) 

Any of these checks causes Process 

Check (CPU stops). 

The check indication is described in 

section CE Console. 

A detailed representation of all check 

latches is given in FEMDM, 2020 CPU, 

Chapter 2, Error Conditions. 

CPU LOG IN 

• CPU LOG in is a four cycle operation 

controlled by circuits. 

• CPU LOG in is always perforITled be­

fore the ITlicro-prograITl controlled 

SysteITl Reset Routine (SysteITl Reset, 

Power on Reset, Load Key operated). 

• During each LOG cycle, one halfword 

is stored into ITlain storage. 

• The ITlain storage addresses are forced 

by circuits (SAR powering). 

• The halfwords to be logged (one during 

each cycle) are provided by the CE 

display bits PO to 15. 

• 

• 

• 

To s elect different sources of LOG 

in data, switching of the Display/ 

COITlpare Select switch is siITlulated 

by logical circuits depending upon 

cycle tiITle (figure 6-1). 

Especially during CPU LOG in cycle 

o (OCU 1 to Display), the halfword 

to be logged is cOITlbined as shown in 

figure 6-2. 

During the last LOG in cycle (CY3), 

the CPU checks are reset (LOG Reset) 

and the start address of the SysteITl 

Reset Routine is forced into IAR of 

LS zone 7. 

• The LOG area consists ITlainly of four 

adjacent ranges. Each range contains 

four logged halfwords. 

• During SysteITl Reset Routine, the four 

ranges are shifted by four halfwords, 

but only if any CPU check condition 

exists in the first halfword just logged. 

• 

• 

Always the three last LOG iniorITlations 

are retained. 

The contents of the ITlissing phase byte 

(additional part of the LOG area) is 

shifted by one bit (low to high) and the 
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loworder bit is turned on if the missing 

phase latch in the CPU is active. 

The LOG area can be displayed (Storage 

Display in CE mode) or printed out by 

a special machine program. 

.... 

CE VOLTMETER 

• The CE voltmeter, mounted on a 

separate panel on front of the power 
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• 

• 

supply, allows the CE quick checking 

of all generated DC voltages. 

The voltages to be tested are selected 

by a rotary switch. 

Beside the logical voltages, all im_ 

portant core storage voltages can 

be measured. 
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