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PREFACE 

To obtain the most benefit from this manual. the 
reader fhould have a basic knowledge of System/360 
concepts and general programming. and a working 
knowledge of the logical and physical operation of the 
2050 Processing Unit. The manual includes diagnostic 
aids t maintenance features I and maintenance pro
cedures along with reference material that will aid 
in troubleshooting and maintaining the System/360 
Model 50. 

Other Field Engineering Manuals written for the 
System/360 Model 50 include: 

Comprehensive I:atroduction, FETOM 
Functional Units, FETOM 
Capacitor Read-Only Storage, FETOM 
RR, RX Instructiops, . FETOM 
RS, SI, SS Instructions, FETOM 
Selector Channel, Common Channel, FETOM 

Multiplexor Channel, FETOM 
Main Storage, Local Storage., Storage 

Protection, FETOM 
Power Distribution and Control, FETOM 
Features, FETOM 
2050 Procestling Unit, FEMDM 
2050 Processing Uni t, FEIM 

Fifth Edition (March 19i1l 

SY22-2B21 
SY22-2B22 
SY22-2B23 
SY22-2B24 
SY22-2B25 
SY22-2B26 
SY22-2B27 

SY22-282B 
SY22-2B29 
SY22-2B30 
SY22-2B33 
SY22-9501 

This is a major revision of, and obsoletes, SY22-2B32-3. Maintenance strategy 
diagrams have been revised, expanded, and placed in the 2050 FEMDM. All CPU 
timing information has been removed from this manual and placed in the ALD's, 
Volume 1, Page AAOOO. Other changes or additions to text and illUltrations are 
indicated by a vertical line to the left of the chang~. 

Changes are periodically made to the specifications hereinj any such changes 
will be reported in subsequent revisions or FE Supplements. 

This manual has been prepared by the IBM Systems Development Division, Product 
Publications, Dept. 896, PO Box 390, Poughkeepsie, N. Y. 12602. A form is pro
vided at the back of this publication for reader's comments. If the form has been 
removed, comments may be sent to the above address. 

© Copyright International Business Machine. Corporation 1966 
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SAFETY PROCEDURES 

Safety cannot be overemphasized. To insure per
sonal safety and the safety of co-workers, each CE 
should make it an everyday practice to observe 
safety precautions at all times. All CE's should be 
familiar with the general safety practices and pro
cedures for performing artificial respiration that 

resistors to drain off capacitor charges when power 
is dropped, it is wise to check all capacitors with a 
meter before attempting maintenance. A defective 
bleeder resistor could create an unexpected hazard. 

are outlined in CE Safety Procedures, S229-1264. For 
convenience, this form is duplicated below. 

CAUTION 
Before changing SLT cards in main storage, storage 
protect, and local storage, drop power to the unit. 
Dropping power is the only sure way to prevent card 
damage from voltage surges during card replacement. 

Always use a reliable voltmeter to verify that power 
is actually off after using power off switches. Al
though all power supplies are provided with bleeder 

CE SAFETY PRACTICES 
All Customer Engineers are expected to toke every safety pre
caution possible and observe 'he following safety practices 
while maintaining IBM equipment: 

1. You should not work alone und4H hazardous conditions or 
around equipment with dangerous voltage. Always advise 
your manager if you MUST work alone. 

2. Remove all power AC and DC when removing or assem· 
bling major com'ponenls, working in immediate area of 
power supplies, performing mechanical inspection of power 
supplies and installing changes in machine circuitry. 

3. Wall box power switch when turned off should be locked 
or tagged in off position. "Do not Operate" tags, form 
229·1266, affixed whton applicable. Pull power supply cord 
whenever possible. 

4. When it is absolutely necessary to work an equipment hav
ing exposed operating mechanical paris or exposed liv. 
electrical circuitry anywhere in 'he machine, the following 
precautions must be followed: 
a. Another person familiar with power off controls must 

be in immediate vicinity. 
b. Rings, wrist watches, chains, braceleh, metal cuff links. 

shall not be worn. 
c. Only insulated pliers and screwdrivers shall be used. 
d. Keep one hand in pocket. 
e. When using test instruments be certain controls are set 

correctly and proper capacity, insulated probes are utld. 
f. Avoid contacting ground potential (metal floor strips, 

machine frames, etc. - use suitable rubber mah pur· 
chased locally if necessary). 

5. Safety Glasses must be worn when: 
a. Using a hammer to drive pins, riveting, staking, etc. 
b. Power hand drilling, reaming, grinding, etc. 
c. Using spring hooks, attaching springl. 
d. Soldering, wire cutting, removing ste.1 bands. 
e. Parts cleaning, using solvents, sprays, clean.rs, chemicals, 

etc. 
f. All other conditions that may be hazardous to your 

eyes. REMEMBER. THEY ARE YOUR EYES. 
6. Special safety instructions such as handling Cathode Ray 

Tubes and extreme high voltages, must be followed as 
outlined in CEM's and Safety Section of the Maintenance 
Manuals. 

7. Do not use solvents, chemicals, greases or oils that hay. 
not been approved by IBM. 

•. Avoid using tools or test equipm.nt that have not b •• n 
approved by IBM. 

9. Replace worn or broken tools and test equipm.nt. 
10. Lift by standing or pushing up with stronger leg muscles -

this takes strain off bock muscles. Do not lift any equip. 
ment or ports weighing over 60 poundl. 

11. All safety devices such as guards, shi.lds, lignl. ground 
wires, etc. shall be restored after maintenance. 

KNOWING SAFETY RULES IS NOT ENOUGH 
AN UNSAFE ACT Will INEVITABLY LEAD TO AN ACCIDENT 

USE GOOD JUDGMENT - ELIMINATE UNSAFE ACTS 
5229·1264-1 

12. Each Customer Engineer is responsible to be certain that 
no action on his part renders product unsafe or e/Cposes 
hazards to customer personnel. 

13. Place removed machine covers in a safe out-of-the-way 
place where no one con trip over them. 

14. All machine covers must be in place before machine is re
turned to customer. 

15. Always place CE tool kit away from walk areas where no 
one can trip over it (i.e., under desk or table). 

16. Avoid tOl./ching mechanical moving parts (i.e., when lubri· 
cating, checking for play, etc.). 

17. When using stroboscope - do not touch ANYTHING - it 
may be moving. 

18. Avoid wearing loose clothing that may be caught in machin· 
ery. Shirt sleeves must be left buttoned or rolled above the 
elbow. 

19. Ties must be tucked in shirt or have a tie clasp (preferably 
nonconductive) approximately 3 inches from end. Tie chains 
are not recommended. 

20. Before starting equipment, make certain fellow CE's and 
customer personnel are not in a hazardous position. 

21. Maintain good housekeeping in area of machines while per· 
forming and after completing maintenance. 

Artificial Respiration 
GENERAL CONSIDERATIONS 

1. Start Imm.diat.ly, Second. Count 
Do not move victim unleu abso
lutely neceuary to remove from 
danger. Do not wait or look for 
h.lp or stop to loosen clothing, 
warm the victim or apply stimu· 
lants. 

Rllcu. Breathing for Adults 
Victim on His Bacle Immediately 

2. Ched, Mouth for Obstructions 
Remove foreign objects - Pull 
tongue forward. 

3. Loo"n Clothing - K.ep Warm 
Take care of these items after vic
tim is breathing by himself or 
when help is available. 

4. Remain in Position 
After victim rtvivII, b. ready to 
resume respiration if nec.nary. 

5. Call a Doctor 
Hav. someone summon medical 
aid. 

6. Don't Giv. Up 
Continu. without interruption until 
victim is breathing without help or 
is certainly dead. 

It.prlnt Courtesy Min. Saf.ty Appliances 
Co. 

1. Clear throat of water, food, or 
foreign matter. 

2. Tilt h.ad back to open air passage. 

3. Lift jaw up to keep tongue out of 
air passage. 

4. Pinch nOltrils to prevent air leak
age when you blow. 

S. Blow until you see chest rise. 

6. Remove your lips and allow lungs 
to empty. 

7. List.n for snoring and gurgling" 
sign. of throat ob.truction. 

S. R.peat mouth to mouth breathlngs 
10-20 times a minute. 

Continue 'IICU. breathing until he 
breathes for himself. 

Thumb and 
finoe, positions ~

inalmouth 
mouth 

, p .Itlon . -...;.., 



MAINTENANCE PHILOSOPHY 

The system provides facilities that assist the CE in: 
Failure Detection 
Fault Location 
Deferred Maintenance 
Rapid Repair 

Failure Detection 

Error detection is accomplished by hardware 
parity checking, fault locating tests (FLT's), ,and 
functional diagnostic programs. Not all failures 
can be detected however. 

Failure Detection By Hardware 

The central processing unit (CPU) is parity 
checked. All data transfers between registers 
and main storage are checked by byte. Good 
parity is always written into main storage by 
design (except FLT's). 

Parity checking is also used on the read-only 
storage (ROS) at the output. 

Any multiplexor and selector channel circuitry 
not used by the CPU has its own parity checking 
circuitry. 

Each error check is indi viduaUy indicated on the 
C E-operator' s console. To provide a high diagnos
tic resolution, the individual checks are OR'ed in 
groups by timing and function and are also indicated 
on the console. 

Fault Locating Tests (FLT's) 

FLT's are semi-automatic diagnostic procedures 
used in the Model 50 CPU. The procedure involves 
a battery of diagnostic tests, each performed by 
forcing the CPU to a predetermined state (scan-in), 
running the CPU for a specified number of machine 
cycles (clock advance), logging the resulting state 
into storage (scan-out), and then comparing the 
resulting state of the selected machine area upder 
test (compare) with a pre-computed result. 

Functional Diagnostics 

The functional diagnostic programs are the highest 
level of testing a system. They are system pro
grams that check for correct system operation. 
Functional diagnostics have been written for aU 
areas of the Model 50. 

DIAGNOSTIC TECHNIQUES 

Deferred Maintenance 

The logout facility allows maintenance activity to be 
deferred. Certain intermittent failures will be such 
that long time periods elapse between interruptions. 
Troubleshooting this type of fault is time-consuming. 
The failure environment is difficult to reproduce. 
The customer will often prefer to continue system 
operation and postpone maintenance activity under 
these circumstances. The logout feature allows the 
customer to continue system operation while pro
viding the CE with information on the system state 
at the time of the error. 

TROUBLESHOOTING FLOWCHART 

Flowcharts for troubleshooting the 2050 Processing 
Unit are now in the Maintenance Diagrams Manual 
for the 2050. 

Figure 1 shows the status of indicators after sys
tem reset. 

Roller Indicators 

Common Chan 2 SBCR unpredictable 
Common Chan 3 BUFFER 1 and BUFFER 3 reset BUFFER 2 set to 

previous contents of BUFFER 1 
Mpx Chan 4 BUFFER 1 and BUFFER 2 unpredi ctable 
Mpx Chan 5 BUS OUT unpredictable 
Mpx Chan 6 POLL on, MPX I/o STATS unpredictable 
Selector Chon 1 B-REGISTER P-bits on 
Selector Chan 2 C-REGISTER P-bits on 
Selector Chan 3 BYTE COUNTER P-bits on 
Selector Chan 4 CYCLE COUNTER stepping 
Selector Chon 5 POS REG TRF, SP-D2, and INSN SCAN on; 

A-CLOCK stepping 
Selector Chon 6 FIN on 
CPU 1 1 L-REGISTER = PSW Backup 
CPU 1 2 R-REGISTER P-bits on 
CPU 1 3 M-REGISTER P-bits on 
CPU 1 4 H-REGISTER P-bits on 
CPU 1 5 SAR bit 17 on, BYTE STATS unchanged, BYTE 

STORE STATS set to 1 
CPU 1 6 RaSDR = Halt Loop 
CPU 2 1 ROSDR = Halt Loop 
CPU 2 2 ROSDR = Halt Loop, MOVER FUNCTION 

unpredi ctablo 
CPU 2 3 ONE SYL OP on, REFETCH unpredictable. NEXT 

CPU 2 4 
ROS ADDRESS = Halt Loop, ILC unpredictable 
I/O REGISTER P-bit, L BYTE CNTR, and M 
BYTE CNTR oni F-REG, EDIT STATS, and CARRY 
unchanged 

CPU 2 5 LSAR = Hex 17, LSFN = I, J-REG = 7, MD = 3, 
Gl and G2 have S- and P-bits on 

CPU 2 7 CURRENT ROS ADDRESS = Halt Loop 
CPU 2 8 PREVIOUS ROS ADDRESS = Halt Loop 

Most other indicators are off, but for definite status refer to machine logic. 

FIGURE 1. STATUS OF INDICATORS AFTER SYSTEM RESET 
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Power Faults 

See the section, Power System Service Checks, in 
this manual. 

Loading Faults 

See the section on FLTs in this manual. Remember 
that none of the central processing unit and very little 
of the channel circuitry is used to load FLTs. 

Programming Faults and Error Stops 

Programming faults and error stop approaches to 
troubleshooting are shown. Note that: 

1. The machine status is logged out before begin
ning a troubleshooting sequence. 

2. FLT's are run before functional tests. 

OTHER MAINTENANCE DOCUMENTATION 

Error Check Analysis Diagrams 

Error check analysis diagrams (ECAD's) are com
puter-drawn, engineering controlled, schematic 
representations of the error register and the cir
cuitry behind each possible error indication. 

AL6 

---1~TR20 

H 

RH001-
RH071 

46-47 

CPU Roller 1 

_____ 2 

5 

Position 4 ~6 

ECAD's are in Volume 1 Reference of Systems 
Diagrams. To use ECAD's, turn to page UCA101 
and find your particular error in the error register 
block diagram. The numbers to the left of the error 
register lead you to an ECAD specifically tailored 
for that error. Further to the left is the ALD page 
number of the parity checker for that error. 

Each ECAD contains a block diagram simplified 
to show the basic logic of the error checking circuit 
and a list of ROS functions that pertain to the circuit. 
In addition, basic timings, scope points, pertinent 
notes, and the complete logic for at least one bit 
position of the error circuit are shown wherever 
necessary. 

Figure 2 shows how to read an ECAD block. 

SER VIC E AIDS 

This section is for Customer Engineering Memoran
dums (C EM's) and other aids helpful in servicing the 
Model 50. CEM's are generated and distributed by 
Field Engineering Technical Operations as the need 
for them arises. 

ALD Page Key 

Figure 3 is a key to the Model 50 ALD pages showing 
the basic content of each section of the ALD's. 

1. ROS Functions: Specifies the gating into the register. Enough of the control field specificatiom are reproduced to permit interpretation 
of the function. In this example, AL6 would be shown as IAR H(8-31), and TR 20 would be shown a~ Latch H(0-31). Thus the two 
sources of input to the H register ore the latch and IAR. By examining the ROS word in control during the error cycle, the source of the 
data in the H register can be pinpointed. 

2. Nome of Register: Self explanatory. 

3. ALD Pages: Self explanatory. 

4. Scoping Point: Refers to on entry in a testpoint table, from which scoping information can be obtained. 

5. Logout Location: Refers to the storage word(s) into which the register is logged on on error log out. This is a decimal 
word address. 

6. Indication: Specifies where in the switchable indicators the register is displayed. 

FIGURE 2. ECAD BLOCK KEY 
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AM--- Half Adder 
AN--- Adder Corry and Mover Parity 
AP--- Adder Pari ty 
AQ--- Sum Checking and Correction 
AV--- Right Mover Position and Carry 
AW--- Generation 
BA--- SDR 
BB--- A Lth to Chan 
BC--- Chan to A Lth 
SH--- Scan Out 
BU--- Outgates to Left Mover 
BV--- Outgates to Right Mover 
BW--- Mpx to Mover, Mover to Chan 
BX--- Outgates to Left Adder 

.~ 
BY--- Outgates to Right Adder 
CA--- Instruction Register 
CD--- MID, Byte Counter 
CG--- Length Counter 
CL--- L Byte Counter 
CM--- M Byte Counter ~ 
DR--- ROSDR 
05--- Mover Counter Controls 
ED--- C-13 
EE--- C-13 
EF--- Multiplexor Chan 
FA--- Multiplexor Chan 
GA--- Extemal Chan Controls 
GG--- Extemal Chan Controls 
GH--- Extemal Data Flow 
GQ--- Interface Controls 
GV--- Interface Controls 
JC--- Direct Data 
JV--- Direct Data 
KC--- Clocking 
KE--- Common C honne I 

FIGURE 3. ALD PAGE KEY 

CAS Logic Diagram Page Key 

Figure 4 is a key to the Model 50 CAS logic diagram 
pages. 

Optional Feature Version Codes 

The following version codes are used for optional 
features on the Model 50: 

Version B/M Description 

003 5366797 LCS (2361 Attachment) 

004 5378078 Extended ROS 

005 5364640 1410/7010 Emulator 

006 5364641 707017074 Emulator 

007 5363895 512K Storage (Mod I) 

008 5365430 fiT Disk Load 

050 5378451 High-resolution Timer (60 m) 

051 5378076 Fetch Protect 

052 5378472 Monitor IF 

053 5378528 Mpx Ch IF Extension 

054 5378617 High-resolution Timef (100 h~ 

101 5365230 50 hz Powe~ Supply 

102 5363828 Direct Control 

KE--- I/O Adder Lth Tests 
KH--- Scan 
KK--- ROS Address Controls 
KL--- LSAR Controls 
KP--- Mover Controls 
KQ--- Mover Functions 
KS--- Stat Setting Controls 
K'f .. -- Scan 
KU-.,- I/O Computer Mode 
LS--- Local Store 
MA--- M-9 32K 80M 
MS--- M-9 32K BOM 
MC--- Main Storage Tailgate Logic 
PA--- Console Controls 
PS--- ConSQle Controls 
PG--- 1052 Adopter 
QA--- CAS I 
QK--- CAS II 
QT--- CAS III 
RA--- SAR 
RE--.. Exponent Reg 
RF-., ... F Reg 
RH-.. - H Reg 
RJ-... - J Reg 
RK--- ROSDR Bits 
RL--- L Reg 
RM--- M Reg 
RP--- Protect Register 
RR-.. - R Reg 
RZ--- Direct Dota Out 
XA--- Hi Speed Adoptor, 

Shared Storage, 
LCS 

XX--- Chan to Chan 
ZH--- Maint Aids 

~ .!LM... Description 

105 CAS for Version 005 

106 CAS for Version 006 
110 CAS for Version 004 

A03 5378000 Versions 007 and 050 combined 
A04 5378527 Versions 003 and 004 combined 
A05 5378667 Versions 050 and 051 combined 
A06 5378455 Versions 003, 004, 050, and 052 
C05 CAS for Version A05 

Diagnostic Mode Codes 

The following are diagnostic mode codes on machine 
histories: 

Code Number 

1 

2 
3 

" 5 
6 
7 
P 
M 

9-track tape 
7-track tape 
Cards 

1,600 bpi 
Disc 

Paper tape 
Phase encoding 

Scopex listing (bond paper) 
Scopex listing (microfiche) 
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Add Subtroct RR + RX A AR 5 SR 08730 

Branch and link RR • RX 0A500 
Branch on Condition BC • 8CR OA700 
Branch On Count BCT • BCTR OA700 
Branch On 'mtex-S-XHSXLE-- -- ---~---~J6M -

Bronch Entry to I-Fetch OTl20 
Bring Up Aids OWlll 
Bring Up Aids Two Words of One Bits OW222 

B~~pyo~~Ke!:nel ______ ~ _____ QV140 

CCWI Routine Selector Channel OVI02 
CCW2 Routine Selector Chonnel 0\1103 
Common Mask Trap Sense OB730 
Campares - AI9',braic Logicol RR + RX CR C CLR CL OB500 

_ Compa!!nDe<:~rTlClI_~P_~ompariso,,_~f I st W~Q£,,-,n=-d _'-I-=D'-'L'-----'-____ ~_~ ___ _____'"0"_"SC"C200"_"___1 
Compare Decimal CP Comparison of 1st Wd Opnd 1 05202 
Compare Logical SS OP I 00 
Compare Routine Selector Channel OVll1 
Command Chain Unit Adri-ess Compare D2-Mpx Ov330 
Co~v~! _to Bi n0.!L~BJ!?~~c i m-"L___ _______________ OE900 
Convert to Decimal from Binary CVD -- -----as~ 

Decimol Add AP Subtroct SP First Work Assembly 05110 
Decimal Add AP Aubtroct SP Add Subtract Inner Loop 05114 

--%:~~f-~~ ~~ ~~~~~~~H~ g~ ~:~~::~ ~::~-t;:r:o~~k Overf~;--------a~ 
Decimal Add AP Subtract SP Recomplement and End Routine 05120 
Decimal Arithmetic Second Level I-Fetch OSOIO 
Diognose Instruction OV II 0 
Direct Data Wrd RDD _~ 
Di~id;-o;cimol Opoividend -Assembly--------- OS300 

Divide Decimal - Loop for Single Word DVR Sign Insertion 05302 
Divide Decimal - Loop for Double Word Divisor 05304 
Divide Decimal Ouotient Store Dividend Fetch 05306 

.?iv~_Deci'Tl."I_~~_a~.:.': Asserr,bly ____________________________ ~ 

Edit Edit and Mark ED EDMK Initial Left Digit 5 Off QP200 
Edit Edit and Mark ED EDMK Left Source Digit 5 On OP202 
Edit Edit and Mark ED EDMK Right Source Digit S Off OP203 
Edit Edit and Mark ED EDMK Right Source Digit SOn OP204 
Ed'-'_E£,- cznd ~!k __ ~~~K.2!.~~!~c~~_<:!,,2.CI!:!.':c~ __________________ ~ 
Edit Edit and Mark ED EDMK Set Condition Reg and General Reg I OP206 
End Update Routine Selector Channel OV106 
Execute Instruction OE400 

~i,,-ed Poin!lA~tiflly H_Cl!!.."Y,,!~nd RX~,!,at -----OOBB-~IOOO--O--
Fixed Point RR Loads LPR Li'JR LTR LCR LR 
Fixed Point Multiply Past Loop Routine OS801 
Fixed Point Divide DR • D Divide Loop OS901 

Jixed_~I:?~i_~ Q~Qi<?s~.F_ ~o'!'e-'el"entl'!9_ _ ___________ OB99L 
Fixed Point TX Load Store OFIOO 
Floating Point Halve RR Long and Short OG200 
Floating Point Load/Store RR/RX Format Long/Short OG300 
Floating Point Operations Second Level Decode OC310 
Floa~,,9.I'~~u~_Subtract Compare RR RX Format Lo~~~o.!L ________ OG~Q... 
Floating Point Add Subtract Compare Determine the Exponent Difference OG401 
Floating Point Add Subtract Compare Calculate the Exponent Diff - RR Long OC402 
Floating Point Add Subtract Compare Pre-Shift 0 through 5 OG403 
Floating Point Add Subtract Compare Pre-Shift 6 through 8 OG404 
_F_'",~t~~_~oint Add Subtract Compare Pre_-Shift 9 thro-"'S~.J.~ _______________ ~40_~ 
Floating Point Add Subtrect Compare Short Add Normal Complement of FR OG406 
Floating Point Add Subtract Zero Test Check Mask OG409 
Floating Point Add Subtract Compare Recomplement Guard Digit OC416 
Floating Paint Divide Short RR RS Pre-Normalize OG500 

__ '=-I-"~i.':'9...-PointJ~yQ...N DER NDE Exponent Subtraction _____ ~G~QL 
Floeting Point DVD N- DER NDE Divide Loop for FR OG502 
Floating Point DVD N DER Post-Normalize OG503 
Floating Point Multiply RR RX Format Long Short OG700 
Floating Point Multiply Mply Loop OG701 

Floating poJ~_~IJI.!i.E'L~~!_~.N~o:r.,oli.z.!_~!ro Tes! OG702 
FLT Compare and Branch OV510 
FLT Load Call Kernel OVI40 
FP Long Multiply Divide MDR MD DDR DO - Pr~norm OG800 
FP Long Multiply Divide MIER DVD Prenorm Exp Arith OG801 

FP Lon !v!~I_t~Iy_MDR MQ_~j)~!~M,,-l!.1£2Jl- ------------~OGG880032 
FP Long Multiply MDR MD Multiply Loop 
FP Long Multiply MDR MD End Routine - Post-Normalize OGBOo4 
FP OG900 
Free Entry CV2 OT! 00 

----------------------------------- -------- - ----------
Half-Word Store STH OE555 
Half-Word Ops - Common Setup LH CH AH SH MH OE580 
Holt Loop and EXC Sensing OT200 

Instruction Fetch First Cycle 
Instruction Fetch Second Page 
Interrupt Routine Selector Channel 
Invalid Ops 
Invalid Op Groups 
Invert SAR Kernel 

----------------~ 
OVI07 
OMIll 
ONIII 
OV140 

I/o Op Counldo;;;':;--Loop ;,-;;dRespon-;;---------- OK701 
OKBOO 
OK801 

IPL 
IPL Status Analysis 

-------------

FIGURE <4, CAS LOGIC DIAGRAM PAGE KEY 
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Long and Short Floating Point Loads that Refer to Sign OG100 
Long floating Point Add of Froctionwith Tests for Complement Normal OG407 
Long Floating Point Add Subt Compare Cmpl Normalizing Zero Test OG408 
Load PSW LPSW Set System Mask SSM OJ200 
'-?ad?t()reMul!i£>~e~.sTM~ _. _____ _____ ___ OK666 
Load 64 - CPU Mode - ----------a-Kio5 

Local Store Diagnostics OV 130 
Local Store Wrife Routine Selector Channel OV108 
Local Store Read Routine Selector Channel OV109 
Logical Add Subtract RR RX AL SL ALR SLR 08750 
Logi~iOndMo~e -I,.;str~cti,;;,;-SS-Adrfesh-I.;;tializ~;ii~-n -- --- - ---OPBOo 
Logical and Move Instruction SS Main Loop OP810 
Logical and Move Instruction SS Overlap Routine OP820 
Logical and Move Instruction SS End Routine OP830 

~:x~~ta~~;e~~t Handling --------- --------------- -~---~~~~ 
Mpx Chon Count Equals Zero Analysis OV270 
Mpx Chon Count and Fetch and Update OV210 
Mpx Chon Data Address Fetch and Update OV220 
Mpx Chan Date Handling Input OV231 
Mpx -Cho~-DatoHondling O~p~-t-- - - - -."-_ .. _- .---- QV230 
Mpx Chan Data Handling Read Backward OV243 
Mpx Chon Data Handling Read Forward Ov241 

_ Mpx Chon Data Handling Stop or Skip OV242 
M x Chon End Status An~is Ov250 
Mpx Chan Command Choin E;dS·~~-~AnalyJS----- --_. -_ ... _- 0'/3"50 
Mpx Chon Interrupt Preparation OV820 
Mpx Chan Sequence Control Fetch OV410 
Mpx Chon Stort I/O Unit Select OV420 

M ~_9:~f1 __ S.!9.!.t 1/0~!'.!.!..~~s_<:~E5're____________________ OV430 
Mpx Chon Start ITo Status Analysis - ---QV440 
Mpx Chon Count Store OV460 
Mpx Chon Data Store OV470 
Mpx Chan Check Handl ing OV840 
M x Chan PCI OV260 
Mp~CI"-;C;~-T-~5t-"116-Unit -s~iec-t - - ------~-----.-- _·_-OVS 0 

I Mpx Chon Test I/O Unit Address Compare OV540 

I 
Mpx Chan Test I/O Accept Status OVS50 
Mpx Chon Control Check Handl ing OV850 

~
x _C-"-9_,:,_s:.".~rol Uni!_BU_~L __ OV810 ; 

MPX Chari Haltl7Ol_1 0 Unit Select -- -~ ------ - Qo-Vv6523n 
Mpx Chon Test 1/0 Unit Select 

I Mpx Chon Count Address Fetcf, - Store OV360 
I Mpx Chon Control Word I Fetch OV310 I 

r 

01'.,,-Chan Command Ch".in 0_i!ic:,! S!atus_Analysis __ OV340 
Mpx C~an Fetch Second Half of Chon Control Word OV-3-20--1 
Mpx Chon Control Word 2 Fetch 0\1321 I 

h
MPX Chan Load 64 Prep Ov830 
Mpx Chon Data Chaining OV370 

M_,,-,-!ip2' __ Qec i ",01 MP FJ!'.9_1 !'.rod.u~~,!~ly _~_ ______ _._ 05406 , 
Multiply Decimal - Single and Double Word Mpy Loops Product Store 05404 "I 
Multiply Divide Decimal MP DP Opnd 2 Assembly MPCN/DVR OS4OO I 
Multiply Divide Decimal MPCN Dbling Set Ouatient Sign Sel Mplr Digit OS402 

Pack Move with Offset __ ______ _ __ ?~~~~_ I 
Read Stn.-" Routine Selector Cha~nel oVlosl 
Reset Ermr Reg,ster Kernel OY 140 I 

l Relto,e CPU Mode Sel Mpx Chon OV112 
ROS Farced Addressed lor Prog Traps - Address Dato Spec Prot OT300 I 
-:~-: ~ ~~e; b~~fx~~:5~~b~~!~~h--- ---- - - - -----*t~&5---1 

f
RS + 51 Second levell-Fetch B· 9 OJOll I 
RX Control - Load Address Insert Store Character OE 1 00 i 
S.£_an-In ~ 10 _lnt!.Cru.£t_ _ __________ _ _______ OV3lQJ 
Second Level I-Fetch for VFL Character Ops OP010 I 

I
, Shift L_eft Logical SLL OJ090 : 

Shift Right Logical SRL OJ080 i 
I Shift Left Algebraic SLA 0 J 110 I 
~_~hif!.Ri.gI:~t A!.gebraic S~~__ _ _ __ ______ ___ _ _____ ~____ __ __ _ 91..!_.9Q._.J 
i Sh,ft Left Double Logical SLDL OJ130 
; Shift Right Double Logical 5RDL OJ 120 , 

I 
Shift Left Double Algebraic SLDA OJ150 I 
Shift Right Double Algebraic SRDA Qj140 ' 

1.2!-Compare.S;~l.~y.!'~er Mmk TUM ___________ OK5~~ 

l
SI Move and Logical Ops MVI NI 01 XI OK222 I 

, Start I/O, Holt 110, Test I/O, Test Chon, Proc with IntelTupt OK700 II 

Start I/O Routine Selector Channel OV100 
Store Display OT220 I 
Stora e Protect InstructiQns STG + ITG Store Tag + Insert To~ _ OA800 
SVC and SAM - RR Control Ops OA400 
System Reset IPL PSW Restart OUIOO 

Time Out Check Loop IB Test On Start I/O OK702 
Timer Update and External IntelTupt __________ Or210 
Translate Translate ond Tell TR TRT P 00 
T rap Sequence - Store PSW OT310 
Trans In Chon Routine Selector Channel OV10l 

Unpack Non-overlapped Fields 05600 
Unpack - Op I Storage Op 2 Fetch Zero Insertion 05601 
Unpoc ver appe ie I 

Unit Address Fetch Routine Selector Channel OVll0 

Write Fetch Routine Selector Channel 

Zero and Add 

OVI04 

OS700 



SELECTOR CHANNEL ERROR HANDLING 

Interface Control Check 

The following conditions can cause an interface con
trol check: 

1. Parity check on 'bUB in' during 'addreSS-in' 
or 'status-in' tag. 

2.. Address compare not equal during unit selec
tion. 

3. 'Operational in' falling while' select out' is 
still active. 

4. 'Select in' received by the channel in response 
to 'address out' during a command chain unit selec
tion or a hardware test I/O selection on a device~end 
interrupt. 

5. More than one in tag active while 'operational 
in' is active. 

6. In response to 'address out', during initia,l 
selection on a start I/O or test I/O instruction, if 
the channel has not received' operational in'. 'select 
in', or' status in', and the CPU countdown loop has 
timed out. The time-out indicator in the common 
channel will turn off before the system is stopped or 
logged. 

7. In response to the halt disconnect sequence 
during a halt I/O instruction, if' operational in' has 
not fallen and the CPU countdown loop has timed out. 
The time-out indicator in the common channel will 
turn off before the system is stopped or logged. 

Mode Switch Settings 

Stop Mode: Results in a master check and a log re
quest (CPU roller 2, position 6). 

Channel Stop Mode: Results in a master check and 
a log request (CPU roller 2, position 6). All chan
nel-out tag responses to an in tag from a control 
unit are delayed to allow time to stop the channel 
response on the interface. This prevents the in tag' 
from dropping, thereby freezing the error condition 
on the interface to facilitate error analysis. 

Process Mode: Results in a logout of only the se
lector channel in error (when the channel is not 
masked) and in an I/O interrupt. If the error oc
curred during an initial selection, logout takes place 
and a channel status word (CSW) is stored. 

Disable Mode: Results in a selective reset of the 
interface and I/O interrupt when the channel is not 
masked. 

Channel Control Check- -Channel Detected 

The follow£ng conditions can cause a channel-detected 
channel control check: 

1. Interface parity check on data going to bus out 
lines during address out and command out. 

2. Byte counter parity check. 
3. Log word 4 error. 
4. Zero test portion of log word 5 test in the end 

update routine. 

Mode Switch Settings 

Results are the same as for interface control check 
mode switch settings. 

Channel Control Check- -CPU Detected 

The following conditions can cause a CPU-detected 
channel control check: 

1. Time-out check. 
2. First-cycle check. 
3. ROS parity check. 
4. Full-sum check. 
5. Mover output or input check. 
6. Half-sum check. 
7. Storage-protect parity check. 
8. Parity test portion of the log word 5 test in the 

end update routine. 

Mode Switch Settings 

Stop or Channel Stop Mode: Results in a log request, 
the CPU error displayed on the check register, and 
a master check. The channel control check is set 
and displayed in the channel, and the channel indicators 
remain unchanged. 

Process Mode: H.esults in a logout of the CPU and 
the channel in error when PSW bit 13 is on. This is 
follO\ved by a machine check interrupt. 

Disable Mode: Results in the error being set into the 
check register, but the channel control check is not 
sent to the channel. 

.Program, Storage-Protect, and Chaining Check 

The following conditions will cause a program check: 
1. Invalid command in the channel command word 

(CCW) (positions 4-7 are zero). 
2. Invalid flags in the CCW (pOSitions 5-7 of the 

flag byte are not zero. 
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3. Count specified in the CCW is zero. 
4. Data address specified by the CCW exceeds 

the storage size. 
5. Command address specified by the CCW ex

ceeds the storage size. 
6. CCW sequence in which the first CCW speci

fied by the command address word is a transfer in 
channel. 

7. CCW sequence in which two successive CCW's 
specify transfer in channel. 

8. Command address specified in the CCW is not 
on a doubleword boundary. 

9. Command address word in which positions 4-7 
are not zero. 

The following condition will cause a protection 
check: 

1. The storage-ptotect tag specified in the com
mand address word does not agree with the key of 
the addressed area of storage during a data store. 

The following conditions will cause a chaining 
check: 

1. The channel accepts more than one byte of 
read data assembling on word boundaries when the 
CCW specifies byte boundaries on data chaining. This 
is detected in the C CW 1 routine. 

2. The channel accepts more bytes than CCW 
specifies while data chaining. This is detected in 
the CCW 2 routine. 

Note: Both of the foregoing conditions are caused 
by ~1pting to read data chain with a control unit 
whose data rate is faster than the maximum speci
fied in the Field Engineering Theory of Operation 
Manual, Model 50 Functional Units, SY22-2822. 

Mode Switch Settings 

Stop Mode: The system is not stopped and a master 
check does not occur. If the system is not masked, 
an I/O interrupt occurs. If error occurred during 
an initiation of a new I/O instruction. logout takes 
place and a CSW is stored. 

Channel Stop Mode: The system is stopped bya log 
request in the check register and a master check. 
The channel indicators remain unchanged. 

Process or Disable Mode: Same as for stop mode. 

Data Check 

The following conditions will cause a data check: 
1. A parity check on 'bus in' while reading' data 

into the channel. The parity is corrected before the 
data is set into the C-register. 

2. A parity check is detected on write data going 
to 'bus out'. The parity is not corrected. 

16 (3/71) Model 50 FEMM 

Mode Switch Settings 

Process or Disable Mode: Channel proceeds to end 
of record; when channel is not masked an I/O inter
rupt occurs. 

Stop or Channel Stop Mode: The channel stops. A 
ma~ter <;:heck and log request (CPU roller 2, pOSition 
6) are displayed. 

SIM Check 

This check .indicator informs the channel to terminate 
an operation. It indicates that control unit status is 
not avapable for the CSW. SIM check occurs only 
inside the channel and never appears in the CSW. 

The following conditions set 81M check: 
1. Channel detects an error before the control 

unit can be selected to perform an operation. 
2. A halt I/O instruction terminates the current 

operation. 
3. An interface selective reset caused by an inter

face control check occurring in disable mode. 

Incorrect Length Indication (ILl) 

This indication appears in the CSW and will suppress 
command chaining unless the suppress incorrect 
length indication (SILl) flag is present in the current 
CSW. If the current CCW has a data chain and a 
SILl flag, the indication is not suppressed and will 
appear in the CSW. 

The indication cannot occur on a command im
mediate. When the channel prefetches an invalid CCW 
(storage-protect or program check) on a write data 
chain operation and the control unit sends status in 
before the count in the cu.rrent CCW is exhausted. 
the ILl indication \\'ill suppress the storage -protect 
or program check condition. This is also true if the 
channel prefetches data with an invalid data address. 
The ILl indication cannot appear in the CSW as a re
sult of a IJrog-ram controlled interrupt (PCI) flag. 
ILl is turned on by the follOWing conditions: 

1. A control unit sends service in one or more 
times after the count in the CCW has been exhausted. 
On a read operation the extra bytes are not placed 
in main storage. An extra service in almost always 
occurs on a write or control operation. the only ex
ception being on a formatted type device with a fixed 
record length. The residual count in the CSW is 
zero. 

2. Service in is sent by a control unit less times 
than specified by the CCW. The residual count in 
the CSW is not zero. 



Error Priority 

Error priority is as follows (highest priority is 1): 

1. Channel control check. 

2. Interface control check. 

3. Storage-protect or program check. 

4. Chain check. 

5. Incorrect length indication (ILl) . 

6. Data check. 

If any of these errors occur simultaneously, the 
higher priority error will reset the lower priority 
error. There is one exception to this rule. On a 
write operation when the channel prefetches either 
an invalid CCW on data chaining or data with an in
valid data address (storage-protect or program 
check), an incorrect length indication will reset the 
storage-protect or program check. 

Data-check error is blocked from setting if a 
higher priority error occurs at the same time but 
is not reset if it is already on. 
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MAINTENANCE FEATURES 

Two basic types of operation in the Model 50 are 
maintenance operations and normal operations. 
This section concerns itself with maintenance opera
tions only. Figure 5 is a listing of various controls, 
latches, and triggers used in maintenance operations. 
These operations are used to: 

1. Execute special kernels (maintenance rou
tines) in ROS, entering these kernels via the diag
nose instruction and using linkage control words 
(LCW's) set up by the individual currently using the 
kernels. 

2. Initiate and run predetermined CPU tests 
(FLT's) that locate errors and the components caus
ing those errors. 

3. Initiate and run predetermined channel tests 
(Progressive Scan) under control of the diagnose 
instruction. 

4. Docwnent the status of registers, counters, 
and stats, etc. (logout or scan-out). 

5. Execute the ROS ripple test program, or run 

Backspace T gr 
Binary Tg' 

Command Chain (ee) Tgr 
CCW1, CCW2, Read Store, or Write Fetch Request Tgr 
Channel Log Controls 
C lock Stop T grs 
CPU Control Modes 
Cylinder Counter 

DTC Tgr 

End Updote or Start I/O Reg Tgr 
Error Interrupt Tgr 
Error Pend ing T gr 
Error Reg 

foil Tgr 
First/Second Word Tgr 
FLT Load Controls 
F L T Load Request T gr 
FLT Op Reg 
FL T Op Reg Ins true tions 
FLT Program Load Tgr 
Fl T Retry Tgr 

GP Stoll (0-7) 

Hard Stop Tgr 
Hardware Addreu to ROAR 

Ignore Error I/O Tgr 
Inhibit IAR Count Tgr 
Inhibit IAR Count Control Tgr 
Interrvpt Request T gr 
I/o Made Stat 
IPl Accept Tgr 

log Decoder 
Log Request Tgr 
Log Tgr 

Main Store Mode 

ALD Page 

KH555 
KH211 

GC161 
KH511 
KE661 
KT211 
KT151-161 
KH553-554 

KH531 

KH511 
KT071 
KT081 
KT011-031 

KH321 
KH541 
KH511-541 
KT301 
KH111 
KH121-1SI 
Kllli 
KH555 

KS101-171 

KTl61 
KH321 

KTl61 
KH511 
KH511 
KH521 
KC531 
KH521 

KHJ71 
KTlOl 
KTl51 

KTl 51 

FIGURE 5. CONTROLS, LATCHES, ETC. USED IN MAINTENANCE OPERATIONS 
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a MS ripple test from the storage test panel on the 
console. 

All other operations will be considered as nor
mal System/360 operations. 

CPU CONTROL MODES 

Maintenance operations make use of three different 
CPU control modes: sequence counter, main store, 
and ROS. Figure 6 describes the two basic types of 
Model 50 operation and their possible CPU control 
modes. 'Figure 7 lists the entries, objectives, and 
controls for the three CPU control modes used in 
maintenance operations. 

Sequence Counter Mode 

When the sequence counter mode trigger (KT151) is 
on, the system is under control of the sequence 
counter and the sequence stats. This mode is used 

Maintenance Console Controls/Indicators/Etc, 
Manual Controls 
Manual Tgr 

Normal Interrupt Tg' 

Op to ALCH Tg' 

Pass Tgr 
Progressive Scan Control 
Progressive Scan Stat 

Read Stare, CCW1, CCW2, or Write Fetch Request Tgr 
Reset/Restort Controls 
Retry Tgr 
ROAR Bockup Regs (Current and Previous) 
ROS Mod€> 

Scan IPL Tgr 
Scan/ Log Decader 
Scon Test Counter 
~DR to ROAR Logic 
Seek Control Tg, 
See- Tgr 
Sequence Counte' 
Sequence Counter Made 
Sequence 5 toll 
Suppress Incorrect Length Indication (SILl) Tg, 
Start I/O to I/O Tgr 
Stop Request Tgr 
Stop Tgr 
Storage Holdorf Clock Stop Tgr 
Storage Holdoff Controls 
Storage Ripple Logic 
Storage Telt Contrail 
Supervilory Enable Storage Stat 
Supervilory Stat 
System Reset Tgr 

Timed Single Cycle Mode Tgr 

Unit Acidre" to ALCH Tgr 

~1B~age 

PK001-PSI21 
KE781 
KS721 

KT111 

KHSll 

KH321 
KE701 
KHJ21 

KHS11 
KK701 
KH555 
KKJ12-313 
KTl51 

KH521 
KH121-1S1 
KH311 
KK081 
Krl555 
KH555 
KH341 
KTl51 
KH345 
GC161 
KH511 
KTl 01 
KS721 
KT21S 
KC511-531 
KT501-531 
PK071 
KH331 
KH321 
KT311 

KT271 

KHS11 

Write Fetch,CCW1, CCW2, Of Read Store Request Tgr KH511 



Maintenance 
Operation 

Execute I-Fetch 

Error logout 

Normal System /360 
Operation 

Maintenance Operation Normal System /360 Op .. ralion 

Sequence Counter Mode 

1. FlT load 
2. logout: 

a. Error 
b. Logout Pushbutton 

Main Store Mode 

1. Main Store Mode FLT's 
2. Logout l,,~,"~ ~4-> 
3. Main Store Ripple Test 

1. ROS Kernel. (Maintenance 
Routines): 
a. ROS Mode FlT's 
b. All Logout. or Scan-Outs 
c. Execution of Diagnose 

Instruction 
, 2. Diagnostics 

1. All System/360 Instructions 
2. I - Fetch of Diognose Instruction 

FIGURE 6. BASIC OPERATIONS AND CPU CONTROL MODES 

Sequence 
Counter 
Mode 

Entered via: Objectives Control or Instruction Source 
f------------.--.--------+-------------------- --------- -.------------- - --- ----- -- ---------

1. FL T mode swan" Stllrt - Load" 1 or 2, Read FL T mode tapes or disks into Controlled directly by sequence stats and 
and Load PB storage: "OR's" each pair sequence counter, 

2. Call for FLT load: (odd/even) of consecutive words on 
a. MS mode -- op code A tape or disk including parity bit 
b. ROS mode -- scan*E. 00 generation, into each storoge 

and Emit 1010 location used. 
3. Logout PB 3 or 4. Logout into storage: 
4. Initiation of error log a. SDR to location 80 

b. SAR anfl byte stats to location 84 
c. IAR to location 88 

r---------~--------------------------~-------------------------------+_---------------------------

Main 
Store 
Mode 

ROS 
Mode 

Entered via: Objectives 
~---------------------------+-------------

J. Call for MS mode while in Seq 
Ctr mode: 
a. During FLT load 
b. Logout 

2. Main store ripple test: 
Storage test sw off Process, 
and Start PB. 

NOTE: The MS ripple test must run 
correctly before trying Fl T 's. 

Entered via: 

1. Call for ROS mode while in 
MS mode: 
a. Performing FL T's 
b. Logout 

2. Start PB. then system reset PB. 

10. 

lb. 

2. 

10. 

lb. 

2. 

MS hardcore tests and ROS bit tests 
or ROS ripple test. 
Logout into storage: 

(0) ROSDR (groups 1 - 4). This is 
one ROS word (0-89) which is 
sent to storage locations 8C, 
90, 94, and 98. 

(b) ROAR to location 9C. 
Test main storage via ripple 
(1'5, O's, worst, and reverse W:)f'st) 

Objectives 

ROS hardcore tests and zero and 
one cycle tests. 
logout into storage: 
CPU and/or channel status. 
Progressive scan of channels, 
Special maintenance routines 
(kernels) in ROS. 

FIGURE 7. CPU CONTROL MODES FOR MAINTENANCE OPERATIONS 

Control or Instruction Source 

1. FlT op register: Decodes parity bits of 
word in SDR. 

2. Storage test switch: Setting determines test. 

Control or Instruction Source 

1. FlT Op register: Decodes emit field bits 
(under microprogram control). 

2. Microprogram control and linkoge control 
words (LCW 's) . 
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for the FLT load operation and for the first portion 
of a logout operation. 

Main Store Mode 

When the main store mode trigger (KT151) is on, 
the system is under control of words read out of 
main storage. Main store mode operation provides 
continued main storage read-outs from addresses 
specified by the instruction address register (IAR). 
The JAR is usually incremented by four immediately 
before each address is requested. Data read out of 
main storage go into the storage data register (SDR). 

Main Store Mode Timing 

Main store mode timing consists of four half-micro
second periods (W2, Rl, R2, W1). In the first 
period (W2) , a new address is gated into SAR from 
the instruction address register (IAR) , and a main 
storage cycle is initiated. Instructions requiring 
gating action to be performed, and which were read 
out in the previous main storage cycle, are also 
executed at this time. 

In the second period (Rl), the SDR is reset. 
During the third half -microsecond period (R2) , 

main storage completes the read portion of its cycle 
and a word is read into the SDR. 

At the beginning of the fourth half-microsecond 
period (WI), tile four SDIt parity bits, which con
stitute the new microorder, are gated into the F L T 
op reg. If the decoded operation calls for the gating 
of the SDR into read only address register (ROAR), 
this is performed toward the end of the period. 

I--~---

I~ 

! 

t- Op B 

1 I 
Op C 

I IA Crr + ~ _____ ~ 

LJ 
Parity Sir. 

I O:~:9 r~-- L-___ ~---"-::=.:.:...=::...--{ 
Op E_~_ Binary T9r Off 12 t 19 

(18-30Ior/ 
Emuloto,,) 

NOTE: Op codes 0, 9, and 0 are no ops. 

CPU Control 
Modes 

FIGURE B. MS MODE INSTRUCTIONS AND DATA PATHS 
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During the next first half-microsecond period 
(W2) t a new ROS cycle is taken if an address has 
just been gated into ROAR; otherwise this is a dead 
cycle. 

Main Store Mode Instructions and Data Paths 

With the CPU in MS mode and the storage test switch 
in the process position, the four parity-bit positions 
of SDR are gated into the F L T op register. There 
are 16 instructions (including no-ops) that may be 
decoded in the F L T op reg. Figure 8 shows the 
instructions and data paths available in main store 
mode. 

Main Store Mode Ripple 

If the storage test switch is not in the process posi
tion, the data written into storage are controlled by 
a set of patterns forced into SDR and selected by 
means of positions on the storage test switch. 

The available patterns are all zeros, ones, 
worst, and reverse worst. The worst and reverse 
worst patterns consist of two words of all zeros and 
then two words of all ones or vice versa. The switch
ing from ones to zeros to ones is controlled by IAR 
bits 17 and 28 which are exclusive OR'ed. 

ROS Mode 

When the ROS mode trigger (KTI51) is on, the sys
tem is under control of read-only storage (ROS). 
The system is always in ROS mode during normal 
System/360 operations, and mayor may not be in 
ROS mode during maintenance operations. 

r- 0, 5 II _+'--1 
$1 

i ! 

* I ROSDR I 

30 

Opl 31 55 
56 87 

88 97 

T 
Op 2 

Op 3 

L...-___ O~ 



FUNCTIONAL UNITS 

Sequence Counter 

The sequence counter, in combination with the se
quence stats, controls the operations performed in 
sequence counter mode (FLT load and logout opera
tions). In MS mode, the sequence counter controls 
the logout of ROSDR and ROAR. In ROS mode, if 
the supervisory stat is on, the sequence counter 
determines how many ROS words (microinstructions) 
are executed under control of the current linkage 
control word. 

The counter equals all zeros when reset off. 
Microorder E ....... SCANCTL, in combination with 
EMIT 1000 (QY110-C5), sets the 2' s complement of 
SDR(0-2) into the sequence counter indicators (4, 2, 
1). See Figure 9, Sequence Counter Logic Chart. 
The sequence counter is stepped (incremented) by 
the same control line that sets it (clocked sequence 
counter select -- ,'KH351). 

Sequence Stats 

The s~quence stats, in combination with the sequ,ence 
counter, control the operations performed in se- ' 
quence counter mode. 

FLT Op Reg 

The FLT op reg controls most main store mode 
operations by decoding the SDR parity bits. It also 

controls many ROS mode operations after being set 
by the microorder SCAN * E, 00 (or 10) in combi
nation with the emit field bits. Instructions decoded 
by the FLT op reg are shown on Figure 10. This 
register, used with general purpose stats 0-3, forms 
the scan/log decoder (Figure 11). 

Scan/Log Decoder 

The scan/log decoder is composed of the FLT op 
reg and general purpose stats 0-3 (Figure 11). This 
decoder controls the operations performed during a 
scan-out or logout. Figure 12 shows the data and 
storage locations used during a log or scan-out op
eration. Figure 13 is a log/scan-out logic diagram. 

ROS Kernels 

ROS kernels are special maintenance routines (con
sisting of one or many microinstructions in ROS) 
that are used by FLT's, progressive scan, error 
logouts, and the diagnose instruction, etc. Figure 
14 is a listing of the ROS kernels. Figure 15 is the 
ROS kernels flowchart. 

Scan-In 

The scan-in kernel (maintenance routine) takes up to 
11 words from storage, putting them into various 
CPU counters, registers, and stats. These words, 
in consecutive storage locations, may be started 
from any desired address. The scan-in kernel is 
used by FLT's and progressive scan, and may also 

Input Value FiBt 'PH Second 'PH Seq Ctr Indicato~ (4,2,1) Seq Ctr Bit 
SDR (0,1,2) (1 's Compl of Input) (Input Value Minus 1) (2', Com pi of Input) (line Names on KH341) 

--H+-----~~-~_J--- ~ ------ 1 Off I 
Seq Ctr 

2 Off 2 
0 4 Off 4" 

2 = 1 Off I Off IOn 1 
1" 0 . On ! Off 2 On 2 

7 0=0 On Off 
-- 4 On 4 

2 = 0 On On 1 Off 1" 
1 = 1 Off Off 2 On 2 
O~O On Off .. On .. 6 

2 = 1 Off Off IOn 1 
1 = 1 Off Cn 2 Off "2 
0=0 On Off .. On 4 5 

2 = 0 On On 1 Off 1 
1 = 0 On On 2 Off "2 
0=1 Off Off 4 On 4 

.. 
2 = 1 Off Off IOn 1 
1 = 0 On Off 2 On 2 
0=1 Off On .. Off "4 3 

2 = 0 On On 1 Off 1 
1 = 1 Off Off 2 On 2 
0=1 Off On 4 Off "4 2 

2 ~ 1 Off Off IOn 1 
1 = 1 Off On 2 Off 2" 
0=1 Off On 4 Off 'i 1 

FIGURE 9. SEQUENCE COUNTER LOGIC CHART 
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FLT Hex Mode 
Op Reg Op Code Usage Operation 

000000 00 MS No op. 
000001 01 • MS ROSDR group 1 (0-30) to SDR and OR 

with next word from storage. 

000010 02* MS/ROS ROSDR group 2 (31-55) to SDR and OR 
with next word from storage. 

000011 03* MS ROSDR group 3 (56-87) to SDR and OR 
with next word from storage. 

000100 04* 

000101 05* 

000110 06 
000111 07 
001000 08 
001 001 09 
001010 OA 
001011 OB 

001100 OC* 
001101 OD 
001110 OE 

001111 OF 
01 0000 10* 
010001 11 * 
110001 31 * 
010010 12* 

010011 13* 

010100 14* 
010101 15* 
110101 35* 
010110 16* 
110110 36* 
010111 17* 
110111 37* 
011000 18* 

011001 19* 
011010 lA* 
011011 1 B* 
011100 lC* 
011101 10* 
011110 lE* 
011111 1 F 

MS 

MS/ROS 

MS 
MS 
MS 
MS 
MS/ROS 
MS 

MS/ROS 
MS/ROS 
MS 

MS 
ROS 
ROS 
ROS 
ROS 

ROS 

ROS 
ROS 
ROS 
ROS 
ROS 
ROS 
ROS 
ROS 

ROS 
ROS 
ROS 
ROS 
ROS 
ROS 
ROS 

ROSDR group 4 (88-97) to SDR and OR 
with next word from storage. 

ROAR to SDR (6-17) and OR with next 
word (mask) from storage. 

Request for ROS mode. 
SDR (19-30) to ROAR, reset binary tgr. 
Reset error reg and binary tgr. 
No op. 
Call for FLT load. 
Inhibit SAR clock (to stop--Ioops on 
same word in SDR). To continue oper
ation, press start pushbutton. 

Error reg to SDR (0-31). 
No op or LCS information to SDR (0-8). 
SDR (12-31) to IAR if binary tgr is off 
(causes branch to specified address +4). 

Step binary tgr if SDR is all l's. 
SAR and byte stats to SDR (0-31). 
L (0-27) plus parity bits to SDR (0-31). 
L (28-31) to SDR (24-27) "L reg fold." 
Selector channel sfatus to SDR (0-31). 
GP stats (0-3) are used with these codes 
to further specify what status is used. 

Stats, byte counters, etc. to SDR (0-31). 
H (0-27) plus parity bits to SDR (0-31). 
H (28-31) to SDR (24-27) "H reg fold." 
M (0-27) plus parity bits to SDR (0-31). 
M (28-31) to SDR (24-27) "M reg fold." 
R (0-27) plus parity bits to SDR (0-31). 
R (28-31) to SDR (24-27) "R reg fold." 
LSAR, LSFR, counters, etc. to 
SDR (0-31). 
Mpx channel (group 1) to SDR (0-31). 
Mpx channel (group 2) to SDR (0-31). 
Mpx channel (group 3) to SDR (0-31). 
Common channel (group 1) to SDR (0-31). 
Common channel (group 2) to SDR (0-31). 
Common channel (group 3) to SDR (0-31). 
No op. 

NOTES: The FLT op reg is a part of the scon/log decoder 
(Figure 11). More detai led information on the func tions 
of these op codes is shown on Figure 12. 
*AII these op codes send data to the SDR via the 
scan bus. See Figure 13. 

FIGURE 10. FLT OP REG INSTRUCTIONS 
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Scon/Log Decoder 

FLT Op Reg GP Stats 
----

O· 1 2 3 4 5 0 2 3 

~ 
Only for selector channel 
log/ scan - out 

High 16 Bit (Op codes above OF) 

Fold Bit (Only for 36- bit registers) 

FIGURE 11. SCAN/ LOG DECODER 

be entered by any program or individual using the 
diagnose instruction. 

Scan-Out 

The scan-out kernel (maintenance routine) puts the 
contents of CPU and channel counters, registers, 
and stats, etc. into consecutive locations in storage. 
The scan-out kernel is used by FLT's, logout, and 
progressive scan, and may also be entered by any 
program or individual using the diagnose instruction. 
Storage locations used are predetermined for FLT's 
and logout. Progressive scan uses the diagnose 
instruction to enter the scan-out kernel; thus the 
first storage location used is the full word address 
immediately following the diagnose instruction. See 
Figures 12 and 13. 

Microorder HA -eo. A: The HA - A microorder is 
used to select main storage. This microorder, in 
combination with the emit field bits, may give an OR 
select, write select, or a read select. At the same 
time the storage select is given, a hardware address 
(hex addresses 80 or 84) is forced to SAR (Figure 16). 
This microorder is used in the scan -out kernel and 
the FLT compare and branch kernel. It is also used 
by the diagnose instruction to store the assembled 
LeW in hex address 80. 

Parity Bit Propagation/Generation: Normally the 
parity bit positions from tape or in a register are 
sent to storage along with the data bytes. These 
parity bits go into storage bit positions 32-35. 

During a logout or scan-out, the parity bit posi
tions are sent to storage along with their data bytes, 
and in addition, correct parity is generated for each 
byte of information (data and parity bit) sent to stor
age. Thus a register with 32 data bit pOSitions plus 
4 parity bit positions (total 36 positions) uses two 
storage locations for log or scan-out. See Figure 
17 and the Fold Operation text. 

One exception to the two preceding statements is 
during a log or scan-out into storage location 80. 
Here the entire SDR (data positions 0-31 plus the 4 



Storage Locations 

Full 
Channel 
Only FlT 

CPU Mode Seq Ctr Value Data Stored" logout logout Scan - Out 
---- .~ 

0 SDR (data and parity) 60 
Sequence Count~r 4 Storage Address Register . 64 

6 Instruction Address Register 66 
-- ----

0 Read Only Storage Doto Register (0- 30) 6C 
1 Read Only Storage Data Register (31 - 55) 90 

Main Store 2 Read Only Storage Data Register (56- 67) 94 
3 Read Only Storage Data Register (88 89) 96 
4 Read Only Storage Address Register 9C 

Scon/ log 
Decoder' 

- Test Word 13 (actual response odr) - 60 
- Test Word 14 (mCl$k odr) - 84 
OC Error Register AO 86 
02 Mover Function Register A4 8C 
05 Current ROS Address (pSW 32 - 39) A8 90 
14 Byte Counte~, General Purpose Stots AC 94 
18 Local Store, Address Register, Length Ct~ 80 98 
00 lCS Status 84 9C 
15 H Register (0 27, parity) 88 AO 
35 H Register (2B - 31 ) BC A4 
16 M Register (0-27, parity) CO AB 
36 M Register (26- 31) C4 AC 

I I 17 R Register (0 - 27, parity) C8 80 
37 R Register (28 - 31) CC 84 
11 L Register (0-27, parity) DO B8 

ROS 31 l Register (28 - 31) - 04 CC 
11 Storage Data Register (0- 27, parity) DB -
31 Storage Data Register (26 -31) DC -
lC Common Channel Group '1 EO CO 
10 Common Channel Group '2 E4 C4 
1 E Common Channel Group '3 E8 C8 
19 Multiplex Chonnel Group '1 EC CC 
lA Multiplex Channel Group '2 FO DO 
18 Multiplex Chan"el Group '3 F4 04 
12-0 Selector Channel Group HI (0-31) F6 BB 06 
13-0 Selector Channel Group 'I (parity) FC 8C DC 
13-1 Selector Channel Group '2 (parity) 100 90 EO 
12-1 Selector Channel Group '2 (0-31) 104 94 E4 
12-2 Selector Channel Group '3 (0-31) lOB 9B E6 
13-2 Selector Channel Group '3 (parity) 10C 9C EC 
13-3 Selector Channel Group '4 (parity) 110 AO FO 
12-3 Selector Channel Group '4 (0-31) 114 A4 F4 
12-5 Selector Channel Group '6 (0-31) 118 AS FB 
12-4 Selector Channel Group '5 (0-31) llC AC Fe 
13-4 Selector Channel Group '5 (parity) 120 BO 100 

• Hex values 
** Sheets 2 - 4 shaw detoi Is 

FIGURE 12. SCAN-OUT/LOGOUT: LOCATIONS AND DATA (PART 1 OF 4) 
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Logout Operation 

Storage Storage 

Location Bits Data Location Bits Data 

0084 0 SAR P (8-15) 21-23 RO~ Cks 
1-8 SAR 8-15 24 Protect Tag 
9 SAR P (16-23) 25 LCS Feature 
10-17 SAR 16-23 26 Log Request 
18 SAR P 124-31) 27-31 Unused 
19-26 SAR 24-31 OOA4 0-31 . Unused 
27 Unused OOAS 0-31 Some as Location 009C 

28-31 Byte Stats OOAC 0 I/O Mode 

0088 0 IAR P (8-15) 1-3 I/O Register (P, 30, 31) 
i -8 IAR 8-15 4-5 Interrupt Stats (Timer, Console) 
9 IAR P (16-23) 6-8 L Byte Ctr 
iO-17 IAR 16-23 9-11 M Byte Ctr 

18 IAR ? (24-31) 12-16 F Register 

19-26 IAR 24-31 17 Q Register 

008C 0 ROSDR P (0-30) 18-19 Edit Stat 

i -3 ROSOR i -3 Mover Input Left 20-27 General Purpose Stats 

4-5 ROSOR 4-5 Mo~er Input Right 28 L Sign 

6-11 ROSOR 6-11 Q and P Address Field 29 R Sign 

12-15 ROSOR 12-15 Address Edension Field 30 Carry 

16-i 8 ROSOR 16-18 Ad(t.~ss COl"trol Field 31 RTL 

19 Unused 0080 0-6 LSAR 

20-24 ROSOR 19-25 Adder Latch to Ingate 7-8 LS Function Register 

25 Emulator Feature 9-13 J Register 

26-28 ROSDR 25-27 LS Addressing 14-18 MO Counter 

29-31 ROSOR 28-30 19 Unused 

0090 0 ROSDR P (31-55) 20-25 Length Counter I (5, P, 0-3) 

i -3 ROSOR 32-34 Invalid Digit Test and IC Control 26-31 Length Counter 2 (5, P, 0-3) 

4-8 ROSOR 35-39 Gating Into Adder Latch OOB4 0-3 LCS Feature 

9-12 ROSOR 40-43 Mover Oestinatian 4 Unused 

13-14 ROSOR 44-45 Byte Ctr Function Control 5-8 LCS Feature 

i5-17 ROSOR 46-48 Counter Controls, MO, L Byte, M Byte 9-31 Unused 

18-20 ROSOi\ 49-51 Corry Insert Control 00B8 0-31 H Register 

21-22 ROSOR 52-53 Mover Output Left OOBC 0-23 Unused 

23-24 ROSOR 54-55 Mover Output Right 24-27 H Register Fold (28-31) 

25 Unused 28-31 Unused 

26-28 Mover Function (CPU) OOCO 0-31 M Register 

29-31 Mover Function (I/O) OOC4 0-23 Unused 

0094 0 ROSOR P (56-88) 24-27 M Register Fold (28-31) 

i -4 ROSCIR 57-60 Emit Field 28-31 Unused 

5-7 . ROSOR 61-63 Outgates to Left Adder Input Gate OOC8 0-31 R Register 

8 ROSOR 64 TC Gating to Left OOCC 0-23 Unused 

9-11 ROSOR 65-67 Outgates to Right Adder Input Gate 24-27 R Register Fold (28-31) 

12-15 ROSOR 68-71 Adder Function CPU 28-31 Unused 

16-21 ROSDR 72-77 Condition Branch Grp A 0000 0-31 L Register 

22-26 ROSOR 78-82 Condition Branch Grp B 0004 0-23 Unused 

27 ROSOR 83 Emulator Feature 24-27 L Register Fold (28-31) 

28-31 ROSOR 84-87 Stat Setting Function 28-31 Unused 

0098 0-4 Unused 0008 0-31 SOR 

5 Emulator Feature OOOC 0-23 Unused 

6-17 Previous ROS Address 24-27 SOR Fold (28-31) 

18-23 Unused 28-31 Unused 

24-25 ROSOR 88-89 Stat Setting Function OOEO 0-3 I/O Inst (Start, Test, Holt, Test) 

26-31 ROSOR 90-95 Emulator Feature 4-6 Channel Number 

009C 0 One Syllable Op Stat 7-10 Inst Reply 

i 

I 
Re fetch Stat 

2-4 Unused 

5 I 
Emulator Feature 

6-17 Current ROS Address 
18-23 Interrupt Register 

11 Reply 
12 Branch on Channel Interrupt 
13 Proceed on Interrupt 
14 Time Out 
15 Time Out Ck 

24-31 PSW 32-39 16 Foul 

OOAO 0-3 Half-Sum Cks 17-31 Unused 

4-7 Sum Cks OOE4 0 Routine Received 

8 Corry Ck. 
9-11 L, M, MD Ctr Cks 

I PCI Enable 
2 Break-In 

12-13 GI and G2 Ck 3 I/O Routine 

14-16 MoverCks, U, V, W 4 Early First Cycle 

i 7 Unused 5 First Cycle 

18-20 SAR Cks 6 Chain First Cycle 

FIGURE 12.SCAN-OUT/I.OGOUT: LOCATiONS ANO OATA (PART 2 OF 4) 
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Channel Channel 

Only Full Only 

Logout Logout Bits Data Logout 
I- ----.-

00E4 7 LS Read 98 

8 LS Write 
9 Channel to Adder Latches Data Transfer and Control 
10 Adder Latches to Channel Data Transfer and Control 
11 Chain 9C 

12 Last Cycle 
13 Break-Out 
14-17 Storage Byte Control Register AO 

18 Unused 
19-22 ROSDR Bits 33, 34, 47, 48 
23 First Cycle Check A4 

24-31 Unused 
00E8 0-3 Buffer 1 

4-7 Buffer 2 
8-11 Buffer 3 
12-16 I/O Stats 
17 Unused 
18 I/O Check Made 
19-21 Logs (1,2,3) 
22 Gate Status 
23 Log Reset 
24-31 Unused A8 

OOEC 0-8 Bc,ffer 1 (P, 0-7) 
9-17 Buffer 2 (P, 0-7) 
18-31 Request Log-Out 

OOFO 0 Select Out 
1 Select In 
2 Op In 
3 Suppress Out 
4 Request In 
5 Service Out 
6 Address Out 
7 Command Out 
8 Service In 
9 Address In 
10 Status In 

, 11-19 BiJs Out (P, 0-7) 
I 

I 20 ~rogr'am Check' AC 

21 Storage Protect Check 
22-31 Unused 

OOF4 0-3 Controlled Emit 
4-8 Routine Request Triggers (A, E I-E4) 
9-11 Priority (2,3, PCI) 
12-17 Control Triggers (CC, OTC, UCW, IB Full, Poll, Burst Mode) 

18-21 Mp~ I/O Stats 
22 Ooto Transfer Control 
23 CC Reset Control 
24-31 Unused 

88 OOF8 0-31 S .. leetor Channel B Register (0-31) 

8C OOFC 0-27 Unused 
28-31 Selec.tor Channel B Register Parity 

90 0100 0-27 Unused 
28-31 Selector Channel C Re lister Purity 

94 0104 0-31 Selector Channel C Register (0-31) 

98 0108 0-1 Byte Counter A (2, I) 
2-4 Byte Counter B (P, 2, 1) 
5-6 End Register (2, I) 
7-8 Lost Words (3, 1) 
9 EOR Count Interlock 
10 EOR 1 Latch 
11 EOR 2 Latch SO 

12 EOR Read Interlock 
13 B Almost Changed 

I 
14 Local Store Enable 
15 Local Store Register Full 
16 C Register Full 

FIGURE 12. SCAN-OUT/LOGOUT: LOCATIONS AND DATA (PART 3 OF 4) 

Full 
Logout Bits 

0108 17-20 
21-23 
24-31 

OIOC 0-27 
2B-31 

0110 0-27 
28-31 

0114 0-7 

8-10 
11-13 
14 
15 
16-17 
18-23 
24-26 
28-31 

0118 0-6 
7-8 
9-13 
14 
15 
16 
17 
18 
19 
20-22 
23 
24-27 
28 
29 
30 
~I 

011C 0 
1-4 
5-6 
7 
8 
9 
10 
11 
12 
13 
14-15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26-28 
29-31 

01~0 0-27 
28 
29 
30 
31 

0124 0-15 
16-31 

--,,-

Data 
-------

Read (Bkwd, Op, Rdy, Interface) 
Write (Op, Rdy, Interface) 
Channel Checks (Sim, Ill, Prog, Star Prot, Chal 1 Data, 

Chon Ctrl, IF Ctr!, Chain I) 
Unused 
Group 3 Parity (Byte Ctr, Last Word 2, Reg Full B, 

CD = PC Type) 
Unused 
Group 4 parity (UA Fetch, Cycle Ctr Step 0, 

Priurity I, Stat 0) 
Position Register (CCW-I Type, CCW-2 Type, Unit Sel, 

rupt} Rd Store, Wr Fetch, End Up, ComparE" Inter 
Cycle Ctr Phose A Step (1, 2, 3) 
Clock (AO, AI, Step) 
Local Store Request 
PCI Request 
Priority (2, 3) 
Request Register (0-5) 
Stots 1-3 
Common Channel Detect (LS, PRI I, PRI 2-3, P CI, 

Inhibit Routine) 
General Purpose Register (1-7) 
Unused 
Flog Register (COA, CC , Sill, Skip, PCI) 
Finish 
First Word 
First Byte 
Total Record Fetch 
Write Chain Proceed 
Stop Re lease 
Unused 
Stutus Ne~t Latch 
Multi -Purpose (Cl-C4) 
Suppress Out 
Request In 
Service Out Hold 
Block, Status In : 
Inhibit Read Store I 

A Clock (A, B, C, D) 
Special Purpose (01, 02) 
Instruction Scan 
Poll 
Poll Interrupt End 
Instruction Inhib it 
BC Ready 
UA to Bus Out 
Select Address Out 
Compore (= or I) 
Interface Chain Data Address First Byte 
Chain Data 
Byte Ctr Mod Enoble 
Write Chain Ready 
Record End 
Op In Test 
Channel Stop 
Select Out 
Sel In 
Op In 
Service Out, Address Out, Command Out 
Service In, Address In, Status In 
Unused 
Position Register Tronsfer 
Channel In Use 
Stop 
Stop Routine 
Reserved for Selector Channel and Mise Features 
Reserved for Mpx Channel 
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FLT Scan-Oul Operalion 

Storage 
Location Bill Data 

I Storage 
Location Bin Data 

0088 0-3 Half-Sum Checks 19-23 Logs (I, 2, 3, Gate Status, Reset) 

4-7 Sum Checks 24-31 Unused 

8 Corry Check 
9-11 Counters(L Byte, M Byte, MO) Checks 

OOCC 0-8 Buffer I 
9-17 Buffer 2 

12-13 Length Counten (G 1, G2) Checks 18-22 Unused 

14-16 Mover Checks (U, V, and W) 23 Request Logout 

17 Unused 24-31 Unused 

18-20 SAR Checks 0000 0-2 Select Out, Select In, Op In 

21-23 ROS Checks 3-4 Suppress Out, Request In 

24 Protect Tog 
25 LCS Feature 

5-7 Service Out, Address Out, Command Out 
8-10 Service In, Address In, Status In 

26 Log Request 
27-31 Unused 

11-19 Bus Out 
20-21 Program Check, Storage Protect Check 

OOSC 0-25 Unused 22-31 Unused 

26-28 Mover Function (CPU) 0004 0-3 Controlled Emit 

29-31 Mover Function (I/O) 4-8 Routine Request Tgrs (A, El-E4) 

0090 0 One Syllable Op Stol 
1 Refetch Slot 

9-11 Priority (2, 3, PCI) 
12-17 Control Tgrs (CC, DTC, UCW, IB Full, Poll, Burst Mode) 

2-4 Unused 18-21 Mpx I/O Stots 

5 Emulator Feature 22 Data Tramfer Control 

6-17 Current ROS Address 23 CC Reset Control 

18-23 Interrupt Register 
24-31 PSW 32-39 (llC, CC, PM) 

24-31 Unused 
0008 0-31 Selector Channel B Register 

0094 0 I/O Mode 
1-3 I/O Register (P, 30, 31) 
4-5 Interrupt Stots (Timer, Siotus) 
6-8 L Byte Counter 
9-11 M Byte Counter 
12-16 F Register 
17 Q Register 
18-19 Edit Stats 

OODC 0-27 Unused 
28-31 Selector Channel B Register Parity 

OOEO 0-27 Unused 
28-31 Selector Channel C Register Parity 

OOE4 0-31 Selector Channel C Register 
OOE8 0-1 Byte Counter A (2, I) 

2-4 Byte Counter B (P, 2, I) 
5-6 End Register (2, I) 

20-27 General Purpose Stats 
28-29 L Sign, R Sign 
30 Corry 
31 RTL 

7-8 Lost Words (3, I) 
9-12 End of Record (Count Interlock, I, 2, Read Interlock) 
13 B Almost Changed 
14 Local Store Enable 

0098 0 Unused 
1-6 Local Storage Address Register 
7-8 Local Storage Function Register 
9-13 J Register 
14-18 MO Counter 

15-16 Register Full (LS, C) 
17-20 Read (Backword, Op, Ready, Interface) 
21-23 Write (Op, Ready, Interface) 
24-31 Chunnel Checks (Sim, Ill, Prag, Star Prot, Chon Ooto, 

Chan Ctrl, IF Ctrl, Chain 1) 

19 Unused OOEC 0-27 Unused 

20-25 Length Counter 1 (5, P, 0-3) 
26-31 Length Counter 2 (S, P, 0-3) 

009C 0-3 LCS Feature (Mark, Key, Adr, Data) 
4 Unused 

28-31 Group 3 Parity (Byte Ctr P, Lost Word 2, Register Full B, 
CD PC Type) 

OOFO 0-27 Unused 
28-31 Group 4 Parity (UA Fetch, Cycle Ctr Phose A Step 0, 

5-8 LCS Feature (Unit Identity) 
9-31 Unused 

Priority 1, Stat 0) 
00F4 0-7 Position Register (CCW-I Type, CCW-2 Type, Unit Sel, 

OOAO 0-31 H Register 
OOA4 0-23 Unused 

Read Store, Write Fetch, End Up, Compare, Ir,terrupt) 
8-10 Cycle Counter Phose A Step (1, 2, 3) 

24-27 H Register Fold (28-31) 
28-31 Unused 

11-13 Clock (AO, AI, Step) 
14-15 Local Store Request, PC I Request 

OOA8 0-31 M Register 
OOAC 0-23 Unused 

24-27 M Register Fold (28-31) 
28-31 Unused 

16-17 Request Register (Priority 2, 3) 
18-23 Request Register (0-5) 
24-26 Request Register Stats (1-3) 
27-31 Common Chonnel Detect (LS, PRI-l, PRI-2-3, PCI, Inh Rtne) 

OOBO 0-31 R Register 
OOB4 0-23 Unused 

24-27 R Register Fold (28-31) 
28-31 Unused 

OOF8 0-6 General Purpose Register (1-7) 
7-8 Unused 
9-13 Flog Registel (COA, CC, Sill, Skip, PCI) 
14 Finish 

OOB8 0-31 L Register 
OOBC 0-23 Unused 

24-27 L Register Fold (28-31) 
28 -31 Unused 

15-16 First 'Nord, First Byte 
17-19 Total Record Fetch, Write Chain Proceed, Stop Release 
20-22 Unused 
23 Status Next Latch 

OOCO 0-3 I/O Instruction (Start, Test, Hall, Test) 
4-6 Channel Number (4, '2, I) 

24-27 Multi-Purpose (C l-C4) 
28-31 Suppreos Out, Request In, Service Out Hold, Block StotllS In 

7-10 Instruction Reply (0-3) 
II Reply 
12 Branch on Channel Interrupt 
13 Proceed on Interrupl 
14-16 Time Oul, Time Out Check, Foul 
15-31 Unused 

OOC4 0 Routine Received 
1 PCI Enable 
2 Break In 
3 I/O Routine 
4-6 Early First Cycle, First Cycle, Chain First Cycle 
7-8 Local Store (Read, Write) 
9 Channel to Adder Latch Data Transfer and Control 

OOFC 0 Inhibit Read Store 
1-4 A Clock (A, a, C, Di 
5-6 Spec iol Purpose (0 I, 02) 
7 Instruction SCOl' 
B-9 I Poll, Poll Interrupt End 

" I'""~"'O" "hlb" 
11 BC Ready 
12 UA to Bus Out 
13 Select Address Out 
14-15 Compare (=, Il 
16-17 Interface Chain Dota Address First Byte, Chain Data 
18-19 Byte Ctr Bod Enoble, Write Chain Ready 
20-22 Record End, Op In Test, C honne I Stop 

10 Adder Latch to Channel Data Tronsfer and Control 23-25 Select Out, Select In , Op In 

11-13 Chain, Last Cycle, Break Out 
14-17 Storage Byte Control Register 
18 Unused 

26-28 Selvice Out, Address Out, COl" n,and Out 
29-31 Service In, Address In, Status In 

0100 0-27 Unused 

19-22 ROSOR Bits 33,34,47,48 28 Position Register Transfer 

23 First Cycle Check 
24-31 Unused 

29 Channel In Use 
30-31 Stop, Stop Routine 

OOC8 0-11 Buffer 1, Buffer 2, Buffer 3 
12-16 I/O Stats 

0104 0-15 Reserved for Selector Chonnel and Miscellaneous Features 
16-31 Reserved for Multiplex Channel 

17 Unused 
18 I/O Check Mode 

FIGURE 12. SCAN-OUT/LOGOUT: LOCATIONS AND DATA (PART 4 OF 4) 
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Op I (ROSOR 6-17) OR OR Gr 1 

l[ 
OR A 

Group H 
OR'ed Scan r-Op 5 (Next ROS Add Gr5 (6-17) Term Scan BUI (0-31) Storage 

BH811 Scan Bits Bit. (0-31) Data 

Op 4 (Previous ROS Adr) Gr4 OR (6-18\ BH851-881 r- Register 
Group H, ~ (0-35) Group K 

I H""~ ~ Op 5 (Cuorent ROS Adr) Gr5 (6-17) CPU' 2 
Generatar ~~ 

8H801 Indicators 
I-- BH921-951 ~ Op I 'ROSOR 18) G,.I 

BH821-831 (0-31) 
BH851-8Bl 

·Scan - o· BAOOl-312 
Op lO'SAR,Etc.) Gr 16 OR OR 

, 
BH061::J 

Op II (L Reg) Gr 17 
Group G 

Gated (0-35) 
BH101-121 Scan Bits 

~ 
OR 

Op IS (H Reg) Gr 21 
OR (0-35) 

V4G~'M'''' Op 161M Reg) Gr 22 Group A Group i 0-31 Parity Bill 
A/G ICPU' 1 

Gated 
Op 17 iR Regi Gr 23 (0-35) 

Indicators 32-35 ----;:- Scan Bill 

0, 3 iROSD. 56-.n U- (0-35) 
~1t-

(0-31) 

Op 4 (ROSOR 88-97) BH141-191 BH211-241 BH21'-241 Group C 

LOR Fold Op 0, ROSOR Group 4 J~ 
r--;::-

~ 
Op 13 Gr 19 CHAL Parity J BH781 I--
Fold Bit 4 Bits -BH061 

~ -
Op ( (Erro, Reg) Gr 12 

B to Adder Latch A 
GH101 FLT Load r--oR ----B Reg I - (HAL 

OR GlI81 GH10l 
~ 

C Reg rr -36"" 
BH741-791 

Sel Ch GlI81 • 
Mise Reg Selector Indicotor. 

'--- . 

Channel r---
Control Reg -L 10-351 - OE-EJ--~ PROO1-031 
Control Reg (4) 0 Lth 

Mi.~ Reg 
-;;:-

~ -
Logout POl r--;;:- 32 Bit. 

4 CH!Po"~ 
GP101 

Gate Log Word (1-6) - 36 Bit. / Reset HT I~ 
Log Gate Control ..9.9.!Z..!. ~'_ 

JAl FLT Load 
~ 

-r--;;:- Bits 
Seq Ctr Mode OR BH601 -Log Tgr Off J J - L""() ~ ~ 
Op 12 (Sel Ch) Gr 18 

~ Status = Unit Ck FLT lood Check 

Gr~ 
RelTy Lth 

Op 1 (ROSOR 0-5,19-31) 
OR OR KH555 -----

Op 2 (ROSOR 31-55) Gr 2 Group B Group 

Op 18 (LSAR, LSFR) Gr 24 (0-31) B/O 
Scan Bit. 

Op 14 (Stats/Counters) Gr 20 (0-31) 

t [ (Bits 6-19,31) I CPU · 2 I G, 20 
BH601-651 

Ind,cators OR 
(32-35\ (BitI0-5,20-30) 

Group D BH431 
Gr5 (0-5,18-31 

Op 5 (Irpt Reg) I(Sits 0, 
BH671-681 SH701-721 

i, 18-31) 

Op 19 (Mpx (h Group 1\ Gr 25 OR OR 
Group-J 

Op 18 (Mpx Ch Group 3\ Gr 27 10-23) 
BH341-351 OR'ed 

Op lA (Mpx (h Group 2) Gr 26 OR Scan 

Op 1C (Com (h Group 1) Gr 28 
Groups E/F i 

Group E (0-23) Mpx/Com Ch 

I Op lD (Com Ch Group 2) Gr 29 (0-23) Indicators NOTES: 1. Op refers to the op code in the FLT ap reg. 

Op I E (Com Ch Group 3) Gr 30 
(9-23) 2. Gr refers to line names in the ALD's. 

BH301-331 BH411-431 BH411-431 

FIGURE 13. SCAN-OUT/LOGOUT: LOGIC AND INDICATORS 
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ROS Address Equivalent Hex 

Kernel Name CAS Page (From LCW 19~30) Address in LCW 16-31 Function 

Fetch LCW QYIIO F4E I E9C Read in next LCW from main storage, 
Execute LCW QYll0 F8B " I FI6 " Set controls and ROAR from LCW, 
1- Fetch Entry QYIlO FB9 1 F72 , Go back to normal I-fetch, 
FLT Load Call QY140 FBC 1 F78 Initiates FLT load and puts CPU in 

sequence counter mode, 

Scan-In: ---- ---- -_ ... - Sets registers, stats, etc, from main 
Scan entry QY31 0 F48 I E90 storage (up to II words), 

Diagnose entry QY310 F31 lE62 

Scan-Out: ---- -- -- ---- Puts contents of regis ters, stats, etc, 

Hardware entry QY410 2CO (0580) into main storage (up to 34 words), 

Full Scan Entry QY410 F26 lE4C 
Partial Scan Entry QY410 F23 1 E46 
Com, Mpx, and Sel QY410 F09 I E12 
Ch Entry 
Sel Ch Entry QY420 FIB 1 E36 

FL T Compare and Bronc h QY510 F45 IE8A Compares actual response with expected 
response of FLT zero and one cycle tests, 
sets pass/fail triggers, and branches on 
resu Its. 

Reset Error and FLT QY140 FB7 1 F6E Resets both CPU error and FLT op regs and, 
Op Registers then goes to I-fetch. 

Set Ignore Error-I/O Tgr QYI50 F3A 1 E74 Prevents error recognition and I/o 
break-in, 

Reset Ignore Error- QYI50 FD3-7 IFA6,8,A,C,E Allows error recognition and I/O 

I/O Tgr break-in. 

Log Local Storage: ---- .. _,..- ---- Puts contents of local storage into 

Sector 0 Entry QY450 F51 lEA2 main storage. 

Sector 1 Entry QY450 Fl1 1 E22 

Sector 2 Entry QY450 FDO I lFAO 

Sector 3 Entry QY450 F90 1 F20 

Beat Local Storage QYI30 224 0448 Continuous scan-in and check of a 
spec ifjed local storage address. 

Ripple Local Storage QY130 FBS 1 F70 Scan- in and check of all local storage addresses. 

Fetch/ Alter Bump: -- -- _0._- .. _-- Permits any location in bump storage to be 

Word 0 QY140 FB5 lF6A fetched or altered (group specified by 

Word I QY140 F35 lEM L reg), 

Word 2 QY140 FB4 1 F68 

Word 3 QYI40 F34 1 E68 

Reset Mpx UCW QY440 F07 lEOE Resets mpx unit control word to stop 
I/O device (whi Ie logging mpx channel). 

Invert SAR Bit 16 Tgr: ---- ---- .. _-- ----
Turn On QY140 FB6 lF6C Inverts SAR 16, causing 8K (word) 

relocation of main storage, then 
goes to I-fetch. 

Turn Off QY140 F36 lE6C Res tares norma I storage address i ng, 
then goes to I-fetch, 

Lorge Capacity Storage 
(LCS) Controls ---- ---- ---- ----

QY140 FB3 lF66 Turn on LCS parity control tgr. 
QY140 F33 1 E66 Turn an LCS byte pori ty mode tgr. 
QY140 FB2 lF64 Resets both LCS parity control and LCS 

byte parity mode triggers. 

FIGURE 14. ROS KERNELS (MAINTENANCE ROUTINES) 
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QY110-70E 

CLF 213 

Convert Diagnose 
Insn to LCW Format 
and Put in SDR 

SDR (0-2) to Seq Ctr 
SDR (4) to SESS 
SDR (5) to PSS 
SDR (6) to SS 

From Part 
2 of 2 

SDR (7) to I/O Mode St~ 
SDR (19-30) to ROAR- L.-___ -r-___ ....I 

Go to ROS kernel specified by ROAR: 

1. Fetch LCW 
2. Execute LCW 
3. Full Scan-Out 
4. Partial Scan-Out 
5. Com, Mpx, and Sel Ch Scan-Out 
6. Sel Ch Scan-Out 
7. Scan-In 
8. HT Load Call 
9. FLT Compare and Branch 

10. Go to I-Fetch 
1 J. Reset Error and FLT Op Regs 
12. Set or Reset Invert SAR Bit (16) Tgr 
13. Any of following ROS kernels: 

Log Local storage 
Beat Local storage 
Ripple Local storage 
Fetch or Alter Bump storage 
LCS Controls 
Ignore Error-I/O T gr 

To Port 2 of 2 

I 
I 
L 

Load FLT's and 
Go to MS mode 

MS Mode 

I 
I' 
I 

Desired Adr to ROAR 
Then Go to ROS Mode 

L __ _ 

QYII0-F4E 
. Reset FLT Op Reg, 

Fetch LCW from MS 

HARDWARE -------

r 
I 
I 

.-l 

To Port 2 of 2 

FIGURE 15. ROS KERNELS FLOWCHART: DIAGNOSE/FLT/LOG TRIGGER ENTRIES (PARl 1 OF 2) 

Hardwore 

I 
I 
I 

I 

I 
I 
I 

I 
I 
I 
J 
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To Part 1 of 2 

See selector channel ECAD 
E1601 for a more detailed 
analysis of log out for channel 
only. 

QY510-F45 

Off 

Termination Bit ~ 

Yes 

To Port I of 2 

QY510 

Figure 33 

FLT Compare 
and Branch 

QY510-F3B 

FIGURE 15. ROS KERNELS FLOWCHART: DIAGNOSE/FLT/LOG TRIGGER ENTRIES (PART 2 OF 2) 
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*HA-A" 

Not Inhibit Storoge 

Not CE2 
Not CE3 ----

Logicol re~ult I 
of not "OR" 
select or 
write select 

r---------
I 
I CE3 
/---------t-l _________ _ 

Not CEI 
--------1--1 

Seq Ctr ' 0 

Seq Ctr Mode ___ --1~__t-_t 
Log_~-

[;Iock SDR Reset 

("OR" Select) 

Read Select 

HA per Emit 

(Select Storage) 

HAl 

·PH 

CA241-4B 

r-----.-----------
I Other SAR SAR 

SAR 24 

'PH 

RA021 

SAR 29 

"PH 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I RA031 / SAR 
L ____ _ 

IAR 

Other SAR Positions 

SAR 24 

RA021 

SAR 29 

RA031 

Clk Reg 
,------------------

Seq Ctr ~ 4 

CEI 

I 
I CA2ll 

HA2 I 
1---4~--..-=·P::-:H~-----4---~---t--

CA241-2C 

CA241-4D 

I 
I 
I 
I 
I 
! 
I 
I 
I 

Other IAR P.>sition~ (Reset) 

'PH 

CAI21 

"PH 

I CAllI 

IAR 24 

IAR 29 

L ________________ _ 

FIGURE If.. HARDWARE ADDRESSES NO.1 AND NO.2 

Fullword Register Inc luding Parity Bits 

P 0 7 9 10 11 12 13 14) 5 P 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
l~ ________ _V------~I l~ _______ ~--------~ , ________ ~--------JJ l~ ________ ~--------J l~ __ ~----~ 

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 

~-
GP GP GP 

Zeros (0-7) Zeros (8-15) \ Zeros (16-23) 

GP GP GP 

C To location 04 (result of FL T op code 31 during logout) 
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parity positions) is sent directly to storage location 
80 (positions 0-35) and no parity is generated. 

Fold Operation: 1'''LT op reg position 0 specifies the 
fold operation. This operation is necessary to com
pletely log or scan-out a 32-bit register as discussed 
in Parity Bit Propagation. The fold operation sends 
bits 28-31 of the specified register into SDR (24-27) 
via the scan bus. This operation occurs on F L T op 
reg codes 31, 35, 36, and 37. 

Logout Operation: Initiated by the logout pushbutton 
or a system error check. Either condition turns on 
the log trigger (KTI51) and the log trigger indicator 
located on the system control panel. The logout 
operation uses all three CPU control modes: se
quence counter, main store, and ROS. The ROS 
mode portion of a logout operation is performed by 
the ROS scan-out kernel. Up to 42 storage locations 
may be used for the storing of machine status. See 
Figure 12. 

Figure 18 shows the initial logout sequence under 
sequence counter control mode and main store (MS) 
mode before logout is completed under ROS mode. 

Log Trigger 

The log trigger is set on if the log-request trigger 
(KT101-5F) is on and an error condition occurs. It 
may also be set on by depressing the logout PB on 
the system control panel. Either of the two preced
ing conditions initiates a logout which is indicated 
by the log trigger indicator on the system control 
panel. The log trigger is checked in one of the ROS 
maintenance routines (scan-out kernel) where its 
status determines the path to be followed in ROS. 

Supervisory Stat 

When on, the supervisory stat (SS) puts the numberof 
microinstructions (ROS words) to be executed under 
control of the sequence counter. The SS also inhibits 
storage access unless the supervisory enable storage 
stat (SESS) is on. The SS is set to the value of 
SDR(6) by the microorder E - SCANCTL combined 
with EMIT 1000 (QYI10-C5). When the sequence 
counter reaches seven, the SS is reset off (KH321-6J). 

Progressi ve Scan Stat 

The progressive scan stat (PSS) is set on by bit 14 
of the diagnose instruction, via SDR(5), or by bit 5 
of a linkage control word (LCW). The PSS is also 
set on by depressing the start PB when the FL T 
mode switch is on the force pass position. The PSS 
is checked in various ROS kernels where its status 
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determines the path to be followed within ROS. Test
ing the PSS resets it off unless an inhibit storage 
condition (SS on and SESS off) exists. When the PSS 
is tested and found to be on, it usually initiates the 
fetching of a new LCW from main storage. The PSS 
is off when reset, normally off for FLT execution, 
and always off during an error logout. 

Supervisory Enable Storage Stat 

The supervisory enable storage stat (SESS) allows 
access to main storage even though the supervisory 
stat (SS) is on. This is accomplished by decondition
ing the inhibit storage line activated by the super
visory stat (KH331-2E). The SESS is set to the value 
of SDR(4) by the microorder E - SCANCTL com
bined with EMIT 1000 (QYI10-C5). The SESS is 
reset off when the sequence cOWlter equals seven and 
the supervisory stat is on (KH321-6J). 

Binary Trigger 

The binary trigger is used when running FLT's. In 
main store mode, F L T op reg instructions are used 
toresetoff(op codes 07 or08), or step (opcodeOF), or 
test (op code OE) this trigger. In ROS mode, the 
microorder E - SCANCTL (combined with the emit 
field bits) is used to test and/or set or reset the 
binary trigger in the FLT compare and branch ker
nel (QY510). 

Scan Test Counter 

The scan test counter controls the number of times 
(16) each individual test is executed during the FLT 
zero and one-cycle tests. The microorder, STC = 0, 
branches on and increments the counter (QY510-G5) 
on each pass through the FLT compare and branch 
kernel. The cowlter equals one when in the reset 
position. 

Pass/Fail Triggers 

The pass and fail triggers are used in the FL T com
pare and branch kernel in ROS (QY510). They are 
set, according to the status of the binary trigger, 
by the microorder E ..... SCANCTL in combination 
with EMIT 0001. That is, if the binary trigger is on, 
the fail trigger is set; if the binary trigger is off, 
the pass trigger is set. They are both uncondition
ally reset off by the same microorder (E - SCANCTL) 
in combination with EMIT 0101. The pass trigger is 
tested, and branched on, by the microorder SCPS. 
The fail trigger is tested, and branched on, by the 
microorder SCFS. 
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SUPERVISORY CONTROLS 

The supervisory controls are the hardware circuits 
that determine the CPU control status and the gating 
(or blocking) of certain clock pulses within the sys
tem (Figure 19). These circuits can be divided into 
two logical groups. 

1. Clock gating control circuits: 
a. Circuits to recognize conditions that 

require the stopping of one or more 
logic clocks. 

h. Four clock stop triggers that block or 
gate the basic reg and late reg pulses 
within the system. 

2. CPU control status circuits: 
a. Circuits that recognize the need for, and 

request a change in CPU control status. 
b. A log trigger and three CPU control mode 

triggers that determine the CPU control 
status. 

Clock Gating Control Circuits 

There are two main types of clocks in the CPU: 
free-running, and non free-running (Figure 20). The 
free-running clocks are latch, error, basic reg, and 
basic late reg. The non free-rwming clocks are 
cPu-I/o, ROS, and main storage. 

The non free-running docks are controlled by 
four clock stop triggers. These clock stop triggers 
are set/reset latches. Any condition that requires 
the blocking of a clock pulse(s) will turn on one or 
more of the following clock stop triggers: 

1. CPU-I/O clock stop trigger -- When on, this 
trigger blocks the reg and late reg pulses to CPU 
circuits (regs and counters) and the common channel 
circuits. 

2. ROS clock stop trigger -- When on, this 
trigger blocks the reg and late reg pulses that set 
and reset ROSDR and ROAR. (This effectively stops 
ROS.) 

3. Main storage clock stop trigger -- When on, 
this trigger blocks the reg and late reg pulses that 
are used to generate a storage select from CPU, 
set IAR, and set SAR. 

4. Storage holdoff clock stop trigger -- When 
on, this trigger serves the same function as the 
cPu-I/o clock stop trigger within CPU but does not 
block clock pulses to the common channel. -

One way (of many) to stop the non free-running 
clocks is as follows: 

1. The FLT load request trigger on, not start, 
and not sequence counter mode; brings up the nor
mal interrupt line. 

2. Normal interrupt turns on the main store, 
ROS, and CPU-I/O clock stop triggers. 

3. The clock stop triggers, in turn, prevent the 
indicated clock pulses from occurring. 

When all conditions needed to restart a clock are 
present, a reset to the clock stop trigger is generated. 

CPU Control Status Circuits 

The supervisory controls determine and set the CPU 
control status triggers. These are sequence counter 
mode, main store mode, and ROS mode triggers, 
and also the log trigger. These triggers disable 
controls that should not be in command and enable 
other controls to manipulate identical data paths. 
Note that this is not a priority function in the sense 
that one set of controls is caused to wait while 
another set performs a function. 

Changing CPU Control Status 

Changing the CPU control status generally involves 
a three-step sequence. 

1. A supervisory interrupt condition turns on 
the clock stop triggers. 

2. One dead cycle is then taken. During this 
dead cycle, a line labled "gate status" is used to set 
or reset the CPU control status triggers. 

3. The logic clocks needed for the newly selected 
CPU mode have their clock stop triggers turned off. 

A typical example, showing how the CPU control 
status is changed, is shown in the following logout 
sequence. Refer to TIM 209 (Sheet 1) and Figure 2l. 
When a logout operation is initiated, the error inter
rupt line turns on the CPU-I/O, ROS, and MS clock 
stop triggers, thus freezing all registers. The next 
machine cycle has its non free-rwming reg and late 
reg pulses blocked, and is thus called a dead cycle. 
During this dead cycle, the log and sequence counter 
mode triggers are set on with a basic reg pulse. 
During the same dead cycle, the MS clock stop trig
ger is reset off at error reg time. Starting with the 
next machine cycle, the contents of SDR, SAR, and 
IAR are stored in locations 80, 84, and 88. Next, 
a call for MS mode is initiated. This resets the 
sequence counter mode trigger off and sets the MS 
mode trigger on. After the storing of ROSDR 
(groups 1-4) and ROAR, the ROS clock stop trigger 
is reset off, thus allowing the ROS clock to run. 

During the next two cycles a call for ROS mode 
is initiated. This turns the MS mode trigger off, 
sets the ROS mode trigger on, and then resets all 
clock stop triggers off. 

Supervisory In terrupts 

The clock stop triggers and the CPU control status 
triggers make up the output interface of the super
visory controls (Figu.re 19). This interface is nor
mally in a steady state. The output interface changes 
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only as a result of an interrupt on the input interface 
of the supervisory controls. The three types of 
supervisory control interrupts and their causes are: 

1. Error interrupt -- Parity check with PSW (13) 
on. 

2. Normal interrupt -- System reset, FLT load 
request, storage test switches, FLT's request CPU 
mode change, or logout operation request CPU mode 
change. 

3. Clock interrupt -- Storage holdoff or single
cycle operation. 

Error Interrupt: An error interrupt is the result of 
a parity check. The parity check causes all three 
clock stop triggers to be set on, thus stopping all 
gated (non free-running) clocks. The parity check 
also turns on the error interrupt trigger. In paral
lel with the interrupts, the status of various manual 
switches, CPU controls, and the type of error are 
used to set the CPU mode request triggers (Figure 
19). At the end of the error detection cycle, the 
error interrupt trigger signifies that an error has 
occurred, and the CPU mode request triggers indi
cate the action to be taken. At the beginning of the 
next cycle (the first cycle that the clocks are stopped), 
the CPU mode request triggers are gated to the CPU 
mode triggers, thus producing a new CPU control 
mode on the output interface. 

Normal Interrupt: A normal interrupt is the result 
of a manual control operation or a request for a 
change of CPU control modes. These requests show 
themsel ves at the input interface of the supervisory 
controls where they cause all three clock stop trig
gers and the normal interrupt trigger to be set on. 
The CPU mode request triggers are also set on at 
this time. As in an error interrupt, the CPU mode 
triggers are gated at the start of the next cycle. 

Clock Interrupt: A clock interrupt is the result of a 
storage holdoff or a single-cycle operation. Clock 
interrupts cause all three clock stop triggers to be 
turned on. The error or normal interrupt triggers 
are not turned on and the CPU control mode triggers 
are not gated as in error or normal interrupt. This 
allows the clocks to be controlled without changing 
the control mode of the CPU. 

Pushbuttons That Force ROAR: Figure 19 shows the 
C E panel pushbuttons that can force a hardware ad
dress into ROAR. The address forced is determined 
by the individuai pushbutton whose function is then 
executed. Many other pushbuttons on the console 
cause ROS to cycle but do not directly force an ad
dress into ROAR. 
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LINKAGE CONTROL WORD 

,~"" II 
°

1
' jW I/O Mod. ;:~JO 

s~;; ROS Add""~ 
Seq Ctr (18-30 for emulators) 

The linkage control word (LCW) contains information 
used in setting certain controls and ROAR for main
tenance operations in ROS mode. The LCW must be 
put in the storage data register (SDR) before it can 
be used. This is accomplished by one of two methods; 
it is assembled in SDR by the diagnose instruction, 
or read into the SDR from main storage. With the 
linkage control word in the SDR, the following items 
can be set: 

1. SDR(0-2) to sequence counter (Seq Ctr) 
2. SDR(4) to supervisory enable storage stat 

(SESS) 
3. SDR(5) to progressive scan stat (PSS) 
4. SDR(6) to supervisory stat (SS) 
5. SDR(7) to I/O mode stat 
6. SDR(19-30) to read only storage address 

register (ROAR) 
Items 1-4 (Seq Ctr, SESS, PSS, and SS) are set 

by microorder E - SCANCTL in combination with 
EMIT 1000. Item 6 (ROAR) is set by the microorder 
D --. ROAR, SCAN. 

Item 5 (I/O mode stat) is set by the microorder 
1 ~ IOMODE. This is all accomplished by the 
execute LCW kernel in ROS (QY110) -- two micro
instructions immediately following diagnose instruc
tion, or the fetch LCW kernel. 

DIAGNOSE INSTRUCTION 

o s.qCt,~l~~1 13141516 

SESS 

PSS 

SS 

01 

1920 31 

I/O Mode Stat (Sum Bit 8) 

ROSAddress(Sum Bits 19-31) 

The diagnose instruction provides an exit from a 
normal operation (System/360 instructions) to a 
maintenance operation. This is accomplished by 
assembling a linkage control word (LeW) in the SDR, 



storing it (LeW) in hex address 80. and then enter
ing the execute LeW kernel in ROS (Figure 15). 

Maintenance operations initiated by the diagnose 
instruction may be divided into two main catagories 
as follows: 

1. Execution of special kernels (maintenance 
routines) in ROS (Figure 14). ROS mode FLT's and 
Progressive Scan make extensive use of some of 
these kernels. 

2. Execution of any microinstruction, or subset 
of microinstructions, in any desired order. This 
procedure may be used to examine any specific area 
in ROS. See Figure 22 for examples. 

The diagnose instruction must be located on a 
fullword boundary in main storage if additional 
LeW's are to be used. When other LeW's (in addi
tion to the one built by diagnose) are desired, they 
must be located in main storage starting at the full
word address immediately following the diagnose 
instruction. Because JAR is used to count up and 
scan-out subsequent LeW's, any control logic func
tion or malfunction that affects JAR content affects 
the sequence of the stream of LeW's. 

Diagnose is initiated and decoded in I-fetch like 
all other System/360 instructions. When a control
ling LeW contains the address of the entry to I-fetch 
kernel (FB9) , normal operations (System/360 in
structions) will be resumed. 

FAULT LOCATING TESTS (FLT's) 

Fault locating tests (FLT's) are a series of semi
automatic diagnostic tests that contain fault locating 
abilities. The fault location ability of FLT's is an 
additional step beyond the fault detection ability of 
most diagnostic programs. After detecting a failure, 
FLT's point to the probable cause(s) of the failure 
through the use of a scoping index called Scopex. 
F L T' s and their supporting documentation are pro
duced by computer programs that operate on data 
extracted from the design automation logic master 
tape. 

Main Storage 
Location 

WWW 

XXXX 

ProgrCJ'n Words 

83020F2A 
yyyyyyyy 

ZZZZZZZZ 
0400XXXX 
OOOOXXXX 
00001 F72 
47FOOWWW 

Func tion 

Load Land R Regs (v;o scan" in kernel) 

Bump Address Each Byte} 
Specif;ed Data 
Store Data in Bump LCW', 
Read Data from Bump 
Exi t to 1- Fetch 
Branch On Condition Bock to Beginning 

{

Bump Word 00 Use 1 F6A 
Bump Word 01 Use 1 E6A 
Bump Word 10 Use 1 F68 
Bump Word 11 Use 1 E68 

FIGURE 22. DIAGNOSE USAGE (SCOPE BUMP WOP.D) 

The actual FLT's for the Model 50 are the ROS 
mode zero and one-cycle tests. Various areas 
(controls t registers I and circuits I etc.) must be 
operating correctly before these cycle tests can be 
run. Most of these areas (defined as hardcore) are 
checked out first in the hardcore tests. In addition. 
all of read only storage (ROS) is tested for address
ing and content by the ROS bit tests. All tests for 
the preceding items are contained on the Model 50 
FLTtapes (Figure 23). These tests (hardcore, ROS 
bit, and FLT's) are also available on disk packs. 
See Figure 24. 

.Moin Store Mode Tope 

A) MS Mode Hordcore Test., 

1. Binary trigger: reset off. 
2. Address first 4096 words of MS. 
3. Binary trigger: step on and off. 
4. All ROAR bits. 
5. ROS group reodout. 
6. ROS parity check circuits. 

B) MS Mode ROS Bit Tests: 

1. All ROS wards for addressing 
and content. 

ROS Mode Tope 

A) ROS Mode Hordcore Tests: 

1. Switch from MS mode to ROS mode. 
2. Test the following: 

Progressive scan stat (via ROS 
scon- in kernel), 
,upervisory stat, sequence counter, 
supervisory enable storage stat, 
log trigger, pass trigger, foil 
trigger, scan test counter, microorder 
HA-A, ROS scan-out kernel, 
zero-eye Ie pass test, and zero-eye Ie 
foil test. 

3. Reset I/O interface register. 

FIGURE 23. HT TAPES: MODEL 50 

Disk Pack I 

MS Mode Hardcore Tests 
MS Mode ROS Bit Tests 
(ROS Planes 0-5) 

Disk Pock 2 

MS Mode ROS Bit Tests 
(ROS Planes 6- B) 

Disk Pack 3 

MS Mode ROS Bit Tests 
(ROS Planes C . F) 

Disk Pack 4 

ROS Mode Hardcore Tests 
ROS Mode Cycle Tests (FlT's) 

B) ROS Mode Cycle Tests (FLT's): 

1. Zero-cycle tests; all storage elements 
for which scan-in (via odder out bus 
or emit field) and scan-out paths exist. 

2. One-cycle tests os follows: 
Seg 1: L, F, Q, 1/0, carry stat, PSW 

(32-39), and MVFR. 
Seg 2: R, H, GP ,tots, and half sum. 
Seg 3: M, Gl, G2, J, L sign, R Sign, 

1 syllable op, refetch, and 
error (U, V). 

Seg 4: Full sum, corry, and mover-out 
errors (2 cycle tests). 

Seg 5: LSAR and LS FR. 
Seg 6: ROAR (2 eye Ie tests). 
Seg 7: LB, MB, MD, Gl, G2, error 

checks, and LB - MB parity 
check. 

FIGURE 24. FLT DISK PACKS: MODEL 50 
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The FLT technique involves the use of test 
patterns. These (FLT) test patterns are designed 
to prove that each trigger can be turned on and off 
and that each trans istor in the combinatorial logic 
connecting triggers can be controlled by each of its 
inputs. 

Each diagnostic test forces the system to the 
state specified by a particular test pattern. This 
process, called scan-in, sets the selected triggers 
to the predetermined values of the test pattern in 
core storage. The system is then forced to respond 
to the scan-in values by allowing its clock to operate 
a specified number of cycles. This process, called 
clock advance, exercises the combinatorial logic 
between triggers and places the system in a new 
internal state. This new internal state is called the 
actual response. The actual response is then made 
available for analysis through a process known as 
Scan-out, which stores the actual response pattern 
into core storage. Next, the actual response is read 
from storage into the SDR, OR'ed there with a ~ 
word from storage, and then the OR 'ed result is 
tested. Following this, a second test is made with 
an expected response. The result of these two tests 
indicates whether the individual circuit under test 
functioned properly or not. This logical comparison, 
and a branch on the result, is called FLT compare 
and branch. 

To run FLT's, additional paths to the storage 
data register (SDR) are used. These new (scan) 
paths allow the internal status of the CPU and chan
nels to be logged (or scanned -out) to storage. FLT 
op codes initiating scan-out operations are denoted 
by an asterisk (*) on Figure 10. A simplified diagram 
of the scan-out logic is shown on Figure 13. 

FLT LOAD 

An alternate method of loading FLT's into main 
storage is required because the normal IPL sequenc
ing is under ROS control and uses CPU and common 
channel hardware. To achieve an alternate method, 
additional hardcore controls and a new data path 
direct to main storage have been provided. A se
quence counter and four sequence stats execute the 
load operation by controlling a selector channel 
clock, the same selector channel (B register) gating 
to SDR, the instruction address register (IAR) , and 
the storage data register (SDR). 

The main purpose of this alternate (FLT) load 
method is to store FL T programs in main storage 
even though the common channel or ROS may not be 
working correctly. Another reason is to allow either 
good or bad parity to be loaded into storage. Arbi
trary bit patterns, without regard to parity, can be 
loaded in this way. 
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An FL T load can be accomplished from tapes or 
disk packs on a selector channel. See Figures 25 
and 26. Data enter storage via the B register of the 
selector channel, the scan-out/logout logic, and 
thence over the scan bus into the SDR (Figure 13). 
Checking is performed in the channel and again in 
CPU before the data enter storage. Every two con
secutive words on tape (or disk) are OR'ed together 
to produce one word in storage. All 36 positions of 
this word are the result of the OR'ing mechanism; 
that is, the 32 data positions are the OR'ed result of 
the data positions of two words on tape (or disk), and 
the four parity-bit positions are the OR 'ed result of 
the parity generator output for each of those two 
words. This OR'ing mechanism allows bad parity 
to be loaded into storage. The FLT record in stor
age starts at location zero. There is no check for 
record length; however, the controls will hang up if 
the channel doe s not recei ve an even number of words. 

To convert two words on tape or disk into a 
single word in storage, the channel sends a read 
store request which causes a write storage cycle 
using the current IAR address. If reading an odd 
word (the first of each pair) from tape or disk, the 
lAR counter is incremented by four (IAR + 4 = full
word step), storage is selected, and the word from 
the B register is stored at that address. When the 
next (even) word is to be stored, the lAR counter is 
not incremented, the previously stored word (first 
of the pair) is read out, OR 'ed in the SDR with the 
even word from the B register, and is then written 
back into main storage. 

An FLT load can be initiated from the system 
control panel but not from a remote operator control 
panel. It can also be initiated by the diagnose in
struction via the execute LCW kernel and the FLT 
load call kernel in ROS, or while performing a 
maintenance operation, in either main store or ROS 
mode, by inserting op code A in the FLT op register. 

When loading FLT's from the system control 
panel, the unit to be started is specified by the 
channel and unit rotary switches (load unit switches) 
on the system control panel. If a channel other than 
a selector channel, or a device other than a tape 
drive or disk is specified, the FLT load will not 
perform, and the FLT controls will hang up. 

Load From Tape 

To initiate a FLT load from tape via the system con
trol panel, the FLT mode switch is placed in the 
load position, the system reset PB is depressed, 
and then the load PB is depressed. (System reset 
does not occur automatically as in normal IPL and 
must be performed manually.) The FLT load from 
tape resets the IAR to zero, sets the sequence 
counter mode trigger on, and simulates a start I/O 
operation with a read data -command. 



Iring Up Start I/O to I/O 
Reset IAR 
Tum Off Retry Trigger 
Tum On Inhibit IAACaunt Trigger 

KHSI1 

A. 
Start I/O 

L--_-'Na=<o,"End Update.> 

"" Request./ 
K~II-O 

1-0 

NOTEI~ 
Channel uIM slart I/O and select 
channel lines, and "",uests a start 
I/O routine (priority 3 req). Tro .... -
fen "",uest to position regi.ter 

GB161, GOl31, GFI21 

NOTE 27 

Priority 3 Request KE881 

No 

KHS21 
KH5<41 

Tum Off Start I/O to I/O; 
Tum On First Ward 

FIGURE 25. FLY LOAD VIA TAPE 

KE451 

Channel sets unit address in B-reg 
(byte 0), tranAen it to C...-eg (byteO), 
resets finish latch, "",uests CCW-2 
routine (priority 2 ""') 

GBI61, GFI31 

C~I sets ap into B-reg (byte OJ and 
GP reg S-7; sets ap reg from GP S-7; 
sets GP 1-2 to 00 for read, II for read 
baclcward; sets IIC to GP 1-2; sehfinish 
latch; transfen CCW-2 "",uest into 
position register 

GB161-171, GCIOI-13I, GRI31 

KE881 

Chon Step'Cyc Ctr, R_ts Finish Latch 

GAI31 GBI61 

Chan Steps Cycle Counter 

GAI31 

Channel .ts CI and C.latches, 
step' cycle counter, storti A-clack, 
sets finish latch; nlCluests unit select, 
transfen nlCluest to position register 

GA131· GBI61 171· GFISI 171 IBI 

Channel Selects Tope and Checks 
far Zero Stotus 

Condition Code; 0 

Scan IPL Accept KEQ51 

Chon and unit 
stotus are in 
C-reg, byte I, 
roller 2 

If zero stotus, channel takes in 
data from tope ond when C...-eg 
is full, transfen dato to B-reg 
and requests read store routi ne 

GG101 

End Update (Stotus In) 

KE451 
Chan .els memory byte counter r"!l, ...... 
eye I .. c Ir, r_1s finilh latch 

14-----' SeqCounterMode GAI31 GBI61 GG1Jl 

Finl 

Second or sec~~ 
Pair of WOfcS 
KH).41 "-3 

Storage Haldaff 
CheckfarW2 

Ti"", 

NOTE 4 

Chon sends doto to SOR by requesting and 
executing read store routiMS. TN data is 
sent to the channel via the service in-wrvice 
out oequence which takes a byte of data into 
the C-reg until it is full, then transf .. n doto 
to the B-reg far transmi Ito I ta SOR by the 
read storw routi.... Poacess continues until 
tape ends operation by tending .tatus in. 
Chon sets finish latch 

Gtl61,171 
GGII1 

Priority Request KE881 

NOTE: I. T!.e fint and second nu...ben c...-pond to the sequence stat ond sequence counter, 
respectively. 

2. Where reference is made to a .... ctor channel routine, the ",icl'Of'"'9lO111 as shown on the 
CAS is nat being ..... cuted in ROS. Instead, the CPU is simulating these routiMS by tending 
the requiNd number of OTC's; and the selector c ........ 1 responcIs to th...., OlC'. in the __ 
manner that it responds during a _I ",icraprcvn>m. 

<'. This OTC is held active until""" time to ... toin the cha .... 1 ond unit stotus during 3-3 ti_. 
Stotus is di.loyed on the left ,ide af CPU roll .. 2 (any position). 

•. This OTC is held active until 04-2 time and IIQIds the dato in the B-rwgister until it is set into 
SOR at .-1 ti_. The channel A-<Iack odYances to Al ti_; the cycle counter i. at step I; 
and the position regi.ter indicate. read store. 

End Stotus Check r- --

Chao req .... 1s end uplate when ....... 
te.-inates recard by sending .toM 
in. The request is made after oper
ational in falls foll_ing the final 
stoNl sequence 

GGI61 

KE451 

NOTE 3 

OTC KE451 

Chon sels record end latch. 
''''ps cycle counll!r and 
reset> finish latch 

GAI31 BI I GFIlI 

Chan Set> Finish Latch 

GBI61 

Chan requesls irpt routine, 
transfers req to pao register 

Chan sends chan and unit stotvs 
to scan bus; steps cycle counter. 
resels finish latch 

GAI31, G8161, GGI71 

- H;;i"t - - - - - - --, Scan Bus Bit 6 - Unit Check 
after Scan Bus Bit 12 - OotaCheck 

Load I 

r-----
I .. Backword I 
I Read Case .J 
I I 

I 

KE .. SI 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

--~ 3-3 

Chan generates channel reset, 
set> finish latch in idle mode 

GBI61 GGI71 

Maintenance Features (3/71) 43 



\"NOTE 2 

It, 
Priority 3 Req 

KE881 

Chan ..... start I/O and chan 
select Ii ... and ~ a start 
1/0..- (pri 3), IIonftn NIl 

G:lli': ~;~, GFI21 

Fil. tales 6 bytes of data on _k 
command and .nds operation by 
sending status in. Channel waits for 
dev ice end and COIIWIIOnd chai ns 10 
read by ~ting CCW-I rtne 
(pri 2) ond tronsfen it 10 pol reg 

GGI61, GVIII, GVI.cI,GBI71 

C han puts uni t add ..... in I-reg 
(byte 0), tronsf.n it 10 C-reg 
(byte 0), ..... ts finish latch, 
~ts CCW-2 ..... tine (pri 2) 

GBI61 GFI31 

Chan takes op inlo B-twg (byte 0) 
and GP /'l1li 5-7, sets op reg from 
GP reg 5-7 --write op for _" or 
read op far read--sets GP/'IIIII-2 

"':':"'-'''='''''-'"--.4 ~n:: I:!~~n ~~2 sets 
L;.;;.;:;;;... __ --,r--__ ~...;..J req (pri 2) 10 .... ition reg 

FIG~f 26. FLT LOAD VIA DISK 

GBI6I,171,GCIOI,131,GRI31 

Chan steps cycle counter, 
resets finish latch 

Chan ste", cycl. counter, _Is 
F.:::.....:=::.!--t GP reg 5-7, on seek command 

sets GP register fini.h latch 
GAI31 GBI61 

Chan sets GP reg ER, C I and C.c 
jatches, IN", eye counter, .Iorts 
"-clk, sels finish latch, rwqu ... ts 
unit .. Ieet, tranIfen it 10 .... /'l1li, 
sets cOllllllllnd chain and SI LI .... i-
tion of flag /'l1li on seek c~, 
.10 ... initial selection 

AI31,GBI61,171 
FI.5I,171 181 

Set OTC 10 I/O Tgr 
Select Ston:Ige 
SNpINl 

KH551 KEI31 3-2 

KE051 

Ole KE4S1 

PO ....... KE8BI 

NOTE 3 

DlC KE451 

OTC KE.csl 

Channel selects di.L. 
and cheeks for zero .Iotu, 

lCandltion eo. = 0 

I 
i 

Condilion Cado ~ r. 
Channel and 
unit status are 
in byte I op 
C-reg roller i 

If initiol status is zero, 
channel hoids service out 
up and requ ... ts write letch 
routine on _k command 
and trons!"n it 10 pos regi.ter 

a-. reque.1s end update ...... n 
m. _i ....... NOd dolo by send
ingstotus i~. The request is mode 
<>fier op in foil, followi,,!! tI.. fina; 
status ..que",- ~ 
GGl61 

GA131,GB161 ,GFl1 I 

Chon sets fini.h latch 

GBI61 

Chon sends chonnel and 
uni t status to scan bus I 
steps cycle counter, 
resels finish lat<:h 

I 
I 
I 
I 
I 
I 
I 
I 

~ __ J 

Chon generate! ..:.hor reset ~ 
sets fir/ish itJtc:, ;(1 idle 
mode 

iGBI61 GG 171 

r---~ ___ ~~~~~~Kf8!!1 
.-------.---------------------------------------~ 

OTC KE451 

OTC KE.cs1 (NOTE.c) 

J... 
/First, 

<WOrnTny.~r~y~~~~--~-----------------~ 
'" KH555 Second 

4-3 Word 

\ ,Write 

~Fe~h or Read? 
'-'tore Reg 

KH511 3-4 

'-0es 
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Off 

Chennel shops cycle counter, 
resets finis" latch, ..,Is .'ore byle 
COf'lrol register on read 

G~131 GBI61 GGIII 

OTC KE.cs1 

OTC KE.cs1 

Chon sends doto 10 SDR by 
requesting and executing read 
store rtnes. Data i. sent to 
the chonnel via the service in/ 
service out sequence. Each 
byte of dolo i. taken into C-reg 
until it is full. The full word 
is then transferred to B-reg for 
tronsmitlol to SOR by the read 
.tore rtnes. Process continues 
unli I file ends operation by 
sending slotus in. C!,on sets 
finish latch. 

GBI61 171,GGIlI 

Channel steps cycle counter 

GAI31 

First Write Fetch 
Chon tokes" bytes cycle counter 
info into B-reg and tronsfe'" il 
10 C-reg. Service oul hold i. 
reset and the doto is sent to the 
file via the service in/service 
out sequence. Chon sets finish 
latch, requesls a write fet<:h 
rtne (pri 2), tronsfen it 10 pos 
register. 

Second Write Fet<:h 
Chon loads 8-reg ... i th dota (2 
bytes of cycle counter info) and 
transfen it to C-reg. The file 
Io"es 2 bytes of eycle counter 
info and ends operation by send
ing ""tus in. Chon sels finish 
latch, requests write fetch rtne 
(pri 2), tronsfen a 10 pos 
regi.ter. 

Thirn Write Fetch 
Chan i~B-reg with dolo 
(zefCI) ond tronsfers it to C-reg. 
Dolo i. not used. Chan sets 
finish latch. 

The first ond second numbers correspond to the sequence stot and sequence counter, 
re.pectively. 

2: Where .... ference is made to a selector channel routine, the microprogram as shown on 
the CAS i. not being executed in ROS. Instead, tl.e CPU is .imulaling IhMe routin~ 
by sending the required number of OTC'., and the selector channel re.pards 10 these 
OTC's in the some manner r+.ol it responds duri,,!/ a nannol microprogram. 

3. This OTC is held active until .c .... time to reloin the channel and unit stotus during 3-3 
time. Slotus i. displayed on the left side of CPU roller 2 (any position). 

.c. This OTC is held active until 4-2 time and holds the dota in the B-regi.ter until it is 
set into SDR at 4-1 time. The chonnel A-clack advances 10 Al time; the cycle counter 
is at step 1; and the position register indicates read store. 



Load From Disk 

When loading FLT's from disk, the procedure is 
slightly different. First the FLT mode switch is 
set to the off position and the system reset PB is 
depressed, thus setting the cylinder counter (KH553-
554) to zero. The FLT mode switch is then set in 
the load position and the load PB is depressed. The 
FL T load from disk resets the IAR to zero, sets the 
sequence counter mode trigger on, and simulates a 
start I/O operation with a control seek command. 
The control seek command initiates a series of three 
write fetch priority 2 requests (priority 2, control 
1-3). The disk unit terminates the operation after 
accepting six bytes of seek data. As a read data 
command is command-chained to the control seek 
command, the FLT controls wait for a fourth 
priority 2 request (CCWl). When this CCW 1 arrives, . 
the read data command takes over control and the 
sysiem proceeds to read in data. If a unit check or ~ 

a channel data check is sensed at the end of the con
trol seek operation, command chaining is suppressed 
and the FLT controls hang up. 

Unsuccessful Load 

When loading FL T' s from either tape or disk, and 
a parity check, wlit check, or channel data check 
occurs during the read data operation, the FLT load 
check indicator turns on and loading continues to the 
end of the record. (A unit check or channel data 
check is shown on CPU roller 2, positions 6 and 12, 
respectively.) Next the CPU stops or attempts to 
reread the record, depending on the FL T control 
switch setting. The retry and backspace triggers in 
conjunction with the FLT control switch are used to 
control the rereading of a bad record received from 
tape. 

A FL T load hangs up prior to completion if either 
the selector challnel or the FL T load controls fail 
to operate correctly. Failures of this type are 
diagnosable from the sequence stat and sequence 
counter indicators using Figure 25 or 26. 

Completion of Successful Load 

At the completiOil of a successful FLT load, the 
supervisory controls are set to main store mode, 
and execution starts at location four. (Locations 
zero through three are used for record identification. ) 
Main store mode hardcore tests and the ROS bit 
tests are executed in this (main store) mode. When 
the ROS mode hardcore or cycle tests are to be 
executed, op code 06 (in the FLT op reg) will put 
the CPU in ROS mode. 

The following sequence of words at the beginning 
of each FLT record in storage is used to initiate the 
ROS mode cycle tests. 

Word ~ Operation 

2 

3 

4 

5 

0-3 Identification 0-3 Machine type (Mod 50 
= A) 

4-7 Type of test 
5 = Zero-cycle test 
6 = One-cycle test 

8-11 Zeros 
12-15 Segment number 
16-27 EC Level 
28-31 Undefined 

4-7 SDR to ROAR FOB (hex) in bits 19-30 
and reset bin- 0111 in parity bits (MS mode) 
ary trigger 

8-11 Call for ROS 0110 in parity bits (MS mode) 
mode 

12-15 Turn on ignore F3A (hex) in bits 19-30; ones 
error trigger in bits 2, 5, and 6; zeros else

where 

16-19 Reset pass/ F44 (hex) in bits 19-3G; zeros 
fail triggers elsewhere 

6 20-23 Reset binary 
trigger and 
error register, 
branch to first 
test 

Addre&s of first test in bits 
8-31 

The first word in this sequence is not used. 
(Location zero is never accessed.) The second 
word, which is executed from storage locations 
4-7, forces the entry address of the fetch Lew 
kernel into ROAR. Thus when the third word causes 
ROS mode control, the fetch LCW kernel is executed. 
Words 4~6 are then executed in sequence under ROS 
control. Word 6 allows branching to any starting 
address and contains the location of the first word 
of scan-in data. Normal FLT execution is now in 
effect. 

MAIN STORE MODE FLT's 

Main store mode FLT's consist of hardcore tests 
and tests for checking out ROS. These tests are on 
a tape separate from ROS mode FLT's and are 
normally run first. They are the first step in a 
"bootstrap" checkout procedure aimed at exercising 
hardware and validating its operation before using 
it to control the checkout of other hardware. These 
tests are loaded via an FLT load operation. Main 
store mode tests may be terminated by: 

1. A system reset 
2. A call for FLT load (op code OA) 
3. A request for ROS mode (op code 06) 
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MS Mode Hardcore Tests 

The main store mode hardcore tests consist of the 
following: 

I . A test to reset the binary trigger. 
2. A test of the first 4,096 words in main stor

age. This tests the ability to read into and out of 
main storage through use of a series of branches. 

3. A test of the binary trigger. This tests the 
ability of the binary trigger to be stepped on and off. 

4. A test of the read only address register 
(ROAR). This tests the ability of the ROAR bits to 
be turned on and off, one by one. 

5. A test of the ROS group-readout op codes. 
This tests the ability to read a word from ROS and 
select the proper group. 

6. A test of ROS parity check circuits. 
Testing is resumed following a halt by pressing 

the start key. If all tests pass, the following halt 
occurs: 

P P P P 
IFF OFF IFF IFF 

The tests comprise three FLT records; the first 
resets the binary trigger, the second is the main 
storage test, and the third contains the rest of the 
tests. Records two and three are automatically 
called by using the "request for FL T load" (op code 
OA). 

FL T Load Checking Program 

The following program can be used to generate a 
tape of 30-byte (hex) records (48 decimal) used to 
check the FLT load circuits. Loading the 30-byte 
(hex) records (48 decimal) with FLT load is a good 
check of the FLT load circuits. 

Tape Generate Program 

This program will write a series of 30-byte (hex) 
records (48 decimal) on 9-track tape or on 7 -track 
tape with data convert. 

Location ~ 

0000 *000 00 00 *Enable channel to be used 
0004 00 00 0300 
0048 00 00 0400 CAW 
0078 *00000 00 *Enable channel to be used 
007C 00 00 0300 
0300 9C 00 0* 80 SIO *channel used 
0304 47 Fa 0304 branch 
0400 0100 06 00 CCW 
0404 200000 30 30-byte (hex) count (48 decimal) 
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~ ~ 

0600 80808080 '" 0604 80808080 
0608 00000000 This 12-word record is written 
060C 00000000 on tape and is read in as the 
0610 AA AA AA AA 6-word record in step 4, when 
0614 55 55 55 55 the FL T load ORs a pair of 
0618 FF 00 FF 00 tape words into one word to 
061C 00 FF 00 FF load into storage. 
0620 FO 80 FO 80 
0624 OF 80 OF 80 
0628 80808080 
062C 80808080 

Loading the Test Program 

1. Mount the tape of continuous records that you 
generated. 

2. Set FLT mode switch to LOAD. 
3. Set FLT control switch to HALT AFTER. LOAD 

LOAD. 
4. Set load unit controls and depress LOAD 

button. 

The first and second words on tape are OR.'ed and 
loaded into the first word location in main storage; 
the third and fourth words on tape are OR I ed and 
loaded into the second word location in main sto rage, 
and so on, until the first six word locations of main 
storage are loaded with the twelve words of the 
record on tape. The six main storage locations 
shQuld be: 

Parity 
Location ~ ~ Operation 

0000 80808080 0 No Op 
0004 00 00 00 00 F Test SDR Bin Tgr Off 
0008 FF FF FF FF F Test SDR Bin TgrOn 
OOOC FF FF FF FF F Test SDR Bin Tgr Off 
0010 FF 80 FF 80 A Request FL T Load 
0014 80808080 0 No Op 

Test Methods (Mask and Expected Response) 

The use of a mask and expected response is best 
~ explained using examples. Refer to Figure 27 in 

connection with the following description. In main 
store mode, FLT words are sent from storage loca
tions into the SDR. The parity bits of these FLT 
words are then gated into FLT op reg (2-5). Note 
that there is absolutely no correlation between the 
parity bits and the data bytes of these FLT words. 
Note also that these parity bits may be OR'ed with 
parity bits already in the SDR (due to preceding op 



Storage FLT Op 
Location SDR Dato Reg (2-5) Operation SDR Byte 0 Comm~nts 

038 80001000 0111 SDR (19-30) to ROAR; reset bin trigger. 10000000 Set ROAR to 800; word from 
038 in SDR. 

e: 80008000 0101 ROAR to SDR (6-17)' and OR with next 10000000 Word from 03C in SDR. 
word (mask) from storage. r- From ROAR (0). 

02000000 00000010 Actual response in SDR. 

C .. 
FDFFFFFF 1111 Step bin trigger if SDR (OR'ed result) 111111 01 Next storage word (mask) 

is aliI's. in SDR. 

FFFFFFFF 11111111 OR'ed result in SDR. 
044 FFFFFFFF 1111 Step bin trigger if SDR 11111111 Expected response in SDR. 
Example 1 (expected response) is a Ill's. 

054 80000000 0111 SDR (19-30) to ROAR; reset bin trigger. 10000000 Set ROAR to OOOi wo,d from 
054 in SDR. 

e_ 80008000 OlOl ROAR to SDR (6-17) and OR with 10000000 Word from 058 in SDR. 
next word (mask) from storage. r- From ROAR (0). 

00000000 00000000 Actual response in SDR. 

e_ FDFFFFFF 1111 Step bin trigger if SDR (OR'ed 111111 01 Next storage word (mask) 
result) is aliI's. in SDR. 

FDFFFFFF 11111101 OR'ed result in SDR. 
060 FDFFFFFF 1111 Step bin trigger if SDR (expected response) 1111110J Expected response in SDR. 
Example 2 is all l's. ----

FIGURE 27. MASK AND EXPECTED RESPONSE EXAMPLES 

code 01-05) before they are sent to the FLT op reg. 
When this OR'ing occurs, the entire word (data and 
parity bits) is OR'ed with the SDR contents. This 
OR'ed result remains in the SDR until replaced with 
new information. The FLT op reg contents deter
mine what operation is to be performed. 

Consider a main store mode hardcore test which 
sets ROAR(O) to a 1. The actual response, ROAR 
(0-11), is gated to SDR(6-17) and OR'ed with the 
mask word (0-31) which is all l's except for bit 
position six. If ROAR( 0) is actually set to a 1, the 
OR 'ed result will be all 1 's (Figure 27, Example 1). 

If the test is for a reset of ROAR(O), the actual 
response will not have bit position six on (if success
ful). This actual response will be OR'ed with a 
mask of all l' s except for bit position six. If this 
OR'ed result is not all 1 's when tested, the binary 
trigger will not be turn~d on. The second test, using 
the expected response, will not step the binary trig
ger as the expected response will not be all 1 's 
(Figure 27, Example 2). 

A successful test is achieved when the binary 
trigger is off after the testing of the expected result. 
Thus for a successful test, the binary trigger is 
stepped twice (Example 1) or not at all (Example 2). 

MS Mode ROS Bit Tests 

The main store mode ROS bit tests consist of a 
string of fault-detecting tests with one test for every 
ROS bit. Each test consists of a sequence of words 
in main storage. Test format is: 

Word 2£ ~ 
07 son (19-30) to nOAn and reset binary trigger 

(18-30 for emulators). 
2 01,2,3,4 Selected nOSOH group to son and OR with 

next word (mask) from storage. 
3 OF Step binary trigger if son is all l's. Mask in 

data field. 
4 OF Step binary trigg'er if SDR is all l's. Expected 

response in data field. 
5 OE son (12-31) to IAn if binary trigger is off 

(causes branch to specified address + 4). 
6 00 No-op (necessary to execute branch). 
7 OB Inhibit SAn clock (to loop on same word in 

SOn). Word address, expected response, and 
bit number in data field. 

S OA Call for FL T load (last word of record). 

Words 1-7 are repeated for every bit in the ROS 
word. Word 8 is the last word of the test record. 
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Word 2 causes a portion of the ROS data register 
(ROSDR) to be placed in SDR. Word 3 is a mask 
word and is OR'ed into SDR by inhibiting the normal 
SDR reset. This mask consists of l' s in all positions 
except for the bit position to be tested. The op por
tion of this word causes an all l' s test to be per
formed on the SDH. If the test is met, indicating 
that the bit being tested is a I, the binary trigger is 
stepped. 

Word 4, the expected response, is placed in SDR 
and the all 1 's test is repeated. If this test is met, 
indicating that the expected bit is also aI, the binary 
trigger is stepped again. If both the actual response 
bit and expected response bit are 1 's, the trigger 
will have stepped twice and will be off. Similarly, if 
both bits are O's, the trigger will be off. The trig
ger is on only if the actual response bit and expected 
response bit differ; therefore, it serves as the basis 
for a pass/fall decision. 

Word 5 tests the binary trigger; if it is off, the 
program branches to the next test. If this condi
tional branch'is not taken, indicating that the bit 
under test has not been read out correctly, word 7 
is executed continuously by inhibiting the SAR clock. 
The effect is that of a diagnostic stop; the data por
tion of this word contains the address of the ROS 
word under test, and the bit in error. This infor
mation is displayed in the SDR. Figure 28 is a 
typical example of a ROS bit test. 

Testing may be continued after a diagnostic stop 
by pressing the start pushbutton. When a fault 
exists. it normally causes many tests to fail. For 
example, a faulty sense amplifier indicates the same 
bit is incorrect in many unconnected words. By 
examining the addresses (both word and bit position) 
of every diagnostic stop, some measure of fault
localization is possible. 

Running time for the test tape containing the ROS 
bit tests, and the hardcore tests preceding them, 
is approximately 3-4 minutes (on a good machine 
with no failures). 

ROS MODE FLT's 

ROS mode FLT's are the second step in the "boot
strap" sequence begun with the main store mode 
FLT's. They are on the FLT ROS mode tape (or 
FLT disk pack 4) and are loaded with an FLT load. 
ROS mode FL T' s are executed under microprogram 
control and assume a properly functioning ROS. 
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FIGURE 28. MS MODE ROS BIT TEST 

The ROS mode FLT's consist of hardcore tests, 
zero-cycle tests, and one-cycle tests. 

ROS Mode Hardcore Tests 

The ROS mode hardcore tests (Figure 23) check out 
the pass/fail triggers I control stats and counters I 
and the scan-in and scan-out kernels in ROS. The 
tests are executed via a series of linkage control 
words (LeW's) which exercise specific micropro
gram steps used by the FLT controls. Failures 
cause a halt or loop, and a listing must be consulted. 
These tests are placed first on the ROS mode FL T 
tape. See Figure 29 for a hardcore test sample. 



NOTE: This is on actual ROS mode hardcore test, EC level 255452, 
for the progressive scan stat (PSS). This flowchart is for instructional 
purposes only, as future engineering changes may alter the method of testing. 

St:quence Counter Mode 
See Figure 25 or 26 

Reset IAR and 
Go to MS Mode {

From End of HT Load Sequence, 
Seq Stat 4 On, and 
Seq Ctr = 5 

,'------.,r--------- --- --- -- -- -- -- -- -

{

Words 04-18 are treated 05 no op in 

Main Store Mode 

No 

ROS Mode 

On 

FOB 

On 

F .. 4 

Yes 

Stop Loop ____ 

ROS Mode 
Failed 

M S mode. Words 04- 14 couse a tape 
rewind if IPL loaded instead of HT loaded. 

FOB 

13C 

On 

QY510 F44 

IAR + 4 (150) to SAR 
(Branch Adr for NG), 
Test PSS, Then Reset 

To Part 2 of 2 

FIGURE 29. HARDCORE TEST SAMPLE: ROS MODE (PART 1 OF 2) 
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OK~ 

l.A.R + 4 (184) to SAR 
(Branch Adr for OK), 
Test PSS, Then Reset 

~ Off 

From Port 1 of 2 

F44 

FIGURE 29. HARDCORE TEST SAMPLE: ROS MODE (PART 2 OF 2) 
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154 if OK 

160 if NG 

178 if Stuck On 
180 if OK 
18C if Stuck Off 

000 if Stuck On or Off 
F44 if OK 

Off 

198 if PSS Was Off (OK) 
18C if PSS Was On (NG) 

lC4 if OK 
lB8 NG (Was On, Now Off) 
180 NG (Was and Still is Stuck On) 



ROS Mode Zero/One-Cycle Tests 

The zero-cycle tests are between the ROS mode 
hardcore and one-cycle tests. Zero-cycle tests 
insure that all triggers, for which scan-in paths 
(via adder out bus or emit field) and scan-out paths 
(via scan bus to SDR) are provided, can be set and 
reset. 

The format and mode of ex ecution is similar for 
both zero-cycle and one-cycle tests, however, 
documentation for these tests is different. A diag
nostic index, containing a suspect card list, is 
provided for the zero-cycle tests. Only the index 
number displayed on termination and the function 
that the test was trying to perform are given. 

One-cycle tests check the combinational logic 
between triggers. These tests follow the zero-cycle 
tests and are the last series of FLT's run. The 
successful running of all previous tests (on 'FLT tapes 
or FLT disk packs) assures that the controls and 
areas needed to run the one-cycle tests are function
ing correctly. If a failure which should have been 
caught by hardcore or zero-cycle tests appears now, 
a wrong conclusion may be reached. 

Seq Ctr Mode 
1---------------- --1 
I I 
I I 

A scoping index (Scopex) is provided for the one
cycle tests. This index shows the logic that is sensi
tive for each individual test. 

The one-cycle tests are divided into a series of 
segments. These segments test different areas of 
logic independently. Checking for intermittent 
failures is achieved by repeating each test 16 times 
before reaching a conclusion as to whether the test 
passed or failed. If the test both passes and fails, 
an intermittent failure has occurred. 

Figure 30 shows the method used (via FL T load) 
to enter the ROS mode zer%ne-cycle tests. 

Zero/One-Cycle Test Methods 

Each FLT cycle test uses its own individual test 
program conSisting of 22 consecutive test words in 
storage. These cycle test programs are read into 
storage (via FLT load) from the FLT ROS mode 
tape or disk pack. Th~re are approximately 181 
cycle test programs on each tape record except for 
the last record of each segment which is variable. 
Figure 31 shows the word format of the cycle test 
programs. Figure 32 is a simplified flowchart of 
the FLT zer%ne-cycle tests. ROS mode zer%ne
cycle tests are performed as follows: 

Hardware I Figures 25 and 26 I r------ ----------
I KH321-6J : I FLT Load,Then I 

: Go to MS Mode IAR 000 : 
L_ _ ____ J 

MS Mode 1----------------
I Op7 

I 
I 
I 

IAR 004 
I 
I 
I 
I 

IAR 008 I 
-L.. __ ----, ___ -' _____ J 

(Execute LC W) 
Set PSS and SS On 
Set Seq Ctr to 7 
SDR to ROAR (F3A) 

IAR OOC 

FIGURE 30. FLT LOAD TO CYCLE TESTS 

I I 
I I 
L _____ J 

IAR 010 

IAR 014 

IAR holds address 
of first word of the 
desired cycle test 

See Figure 32 
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ROS Kemel Test 
Using Word Bits Function 

1 0,1 PSW 32,33 
3,4 M byte ctr 
5 - B Length ctr II 2 (G2) 
12 -15 J Reg 
16 -19 MD ctr 
21 - 24 F Reg 
26 - 31 PSW 34 - 39 
PO·· P3 Byte Stats 

2 0,1 Sets carry stat if either bit is on 
8-11 Storage protect key (PSW 8 - 11) 
15-16 Syllable in op buffer stat is set to one 

If both bits equal zero 
23- 30 PSW 0-7 
PO- P3 General purpose stats 4-7 

3 0 L sign Itot 

Scan - In 
24-27 Length ctr , 1 (G 1) 
31 Q Reg 
PI - P3 CPU mover function reg 

4 0 R lign stat 
12-15 PSW 12-15 
PO- P3 General purpose stats 0 - 3 

5 30-31 L byte ctr 
P2- P3 Local store function reg 

6 30- 31 I/O reg 
P3, P2 ,PI I/O mover function reg 

7 M reg 
8 L reg 
9 R reg 
10 I/O interface reg 
11 H reg 

FIGURE 31. FLT CYCLE TESTS: WORD FORMAT 

Scan-In 

The first 11 test words are used to place known 
values in various registers via the scan-in kernel. 
This kernel takes 11 consecutive words, addressed 
by the IAR, to perform the operation. It does 
nothing else to IAR except advance the address prior 
to reading the next word from storage. 

Fetch/Execute LCW 

At the completion of the scan-in sequence, test word 
12 is read from storage into the SDR via the fetch 
LCW kernel. Word 12 is a linkage control word 
(LCW) whose contents are set into ROAR, the se
quence counter, the supervisory stat (set on), the 
progressive scan and supervisory enable storage 
stats (set off), and the I/O mode stat (set according 
to SDR (7) of the 12th word). The LCW contents are 
set into the preceding items via the execute LCW 
kernel. 

Clock Advance 

At this point ROS executes the ROS word specified 
by ROAR, and the sequence counter is stepped up 
by one. This operation is repeated until the sequence 
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ROS Kernel Test 
Using Word Bits Function 

12 0-2 Sequence counter 

Fetch/ 
4 Supervisory enable storage stat 

Exec~te LCW 
5 Progressive scan stat 
6 Supervisory stat 
7 I/O mode stat 
19- 30 ROAR (18- 30 for emulators) 

Scan- Out 
13 Actual response oddress 
14 Mask address 

15 Mask 
16 Expected response (word to be tested) 
17 (X) Starting oddress th is test 

(used 15 times) 
18 (X+l) Starting address next test 

(good test or start after 
checking failure) 

19 (X+2) Termination bit (7) and Scopex 
FLT Compare information 
and Branch 20 (X+3) Starting address this test 

(restart after term ination) 
21 (X+4) Starting address next test 

(forced pass after termination) 
22 Test number and segment number 

counter equals seven, which occurs after one or two 
cycles for the tests being described. When the se
quence counter steps to seven, a hardware address 
(2CO) is forced into ROAR. This address is the be;... 
ginning of the scan-out kernel. 

Zero-Cycle: If the ROS word used during clock 
advance is 000, we have a zero-cycle test. When 
a trigger is being tested, three patterns are applied; 
the first and third reset the trigger, and the second 
sets it. A random pattern is applied to all other 
triggers while any particular trigger is being tested 
to help in the detection of noise and interference 
problems. 

One-Cycle: The ROS word used in one-cycle tests 
allows a data transfer within CPU. This is normally 
accomplished in a single cycle except for two areas 
in which two cycles are needed (segments 4 and 6). 

Scan-Out 

The scan-out kernel stores test words 13 and 14 in 
hex address locations 80 and 84 for future use in the 
compare and branch kernel. Next, scan-out of the 
various registers and stats is begun. Contents of 
CPU registers and triggers (14 words) are stored 



Scan-I n Kernel 

Scan-In Test Wards 
(l - 11) to CPU 

Execute LCW Kernel 

Set Various S tats, Seq Ctr, 
and ROAR (NOTE 3) 

Hardware ,---------------- -- --------1 
I 
I 
I 
I 
I 
I 
I 
I 

I [ 
I 
I 
I 
I 
I 

--'--1 ----
I 
I 

Force ROAR Adr (2CO) I 
Reset SS and S ESS I 

I 
L. ___ _ 

-------- -/-------- -----~ 
QY410- 2CO 

Scan-Out Kernel 

Fetch and Store 13th Test Word 
(Actual Response Adr to Loc 80) 

I QY410- F17 

Scan-Out Kernel 

Fetch and Store 14th Test Word 
(Mask Adr to loc 84) 

I 
Scan-Out Kemel QY410- F26 

Scan-Out 32 Words QY420- F09 
Starting at Loc 88 QY430- FC6 

I QY510- F45 

I 
Figure 33 

FLT Compare and Branch 
Kernel 

I QY310- F48 

Resd Bin Tgr and Error 
Reg. Branch Back to First 
Word of Desired Test 

I 
NOTES: 

1. See Figure 15 for details on all kernels except the FLT compare 
and branch kemel (Figure 33). 

2. 5ee Figure 31 for word format of FL T eye Ie tests. 
3. FLT's to dote(EC level 255452)01woys set the 55--on, PS5--off, 

and the SESS--off. 

FIGURE 32. FLT ZERO/ ONE - CYCLE TESTS 

in storage hex address 088-0BC. Channel status 
(17 words) is stored in hex addresses OCO-I04. 
See Figure 12 for details. When scan-out is com
plete, the compare and branch kernel is entered. 

F L T Compare and Branch 

The FL T compare and branch kernel compares the 
actual response with the expected response and sets 
the pass/fail triggers on the results. At the same 
time, the scan test counter is stepped up by one and 
a return to the beginning of the current test (scan-in) 
is made. This occurs 16 times except for the 16th 
pass which goes to the branch section of the kernel 
instead of returning to the beginning of the current 
test. See Figure 33, FL T Compare and Branch 
Kernel. 

In the branch section of the kernel, both the pass 
and fail triggers are tested. The fail trigge r w ill be 
on if the OR'ed result of the mask and actual re
sponse was different than the expected response for 
any of the 16 passes. The pass trigger will be on if 
the OR led result of the mask and actual response 
was the same as the expected response for any of the 
16 passes. If a test both passes and fails during 
execution I the machine stops after the 16th pass with 
both the pass and fail triggers on, thus indicating an 
intermittent failure has occurred. 

If both the pass and fail triggers are off at the 
end of the 16 passes, the machine stops. This con
dition indicates a failure in the checking circuits 
with a return to the ROS mode hardcore tests advis
able. Pressing the start PB on this stop will force 
a pass to the next test even though the FLT mode 
switch is not on the force pass position. 

FLT OPERATING/REPAIR PROCEDURES 

This section contains the operating and repair proce
dures for running FLT's from tape or disk. Note 
~hat the main storage ripple test is always performed 
before attempting to run FLT's. For convenience, 
the operating procedures for tape and disk are se!)
arated. As repair procedures are the same for both 
tape-and disk-originating FLT 's, no distinction is 
made between the two. 

Figure 34 shows the FLT run and repair proce
dures for main store mode and ROS mode tests. 
Figure 35 is a cycle test repair procedure. 

FLT's are run in the following sequence only after 
the main storage ripple test has been rW1 successfully: 

1. Main store mode hardcore tests 
2. Main store mode ROS bit tests 
3. ROS mode hardcore tests 
4. ROS mode cycle tests 
Note: Disable ROS retry by jumpering 01C

E3C4Dll to a D08 pin before running or biasing
FLT's, diagnostics, or progressive scan. 
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en .... 

c;; 
"-
~ 

::: 
o 
c. 
~ 
en 
o .., 
trl 
::: 
::: 

Branch Adr 
Values 

X (This Test) 

Result Of 

Scan test ctr not zero (15 Times). 

X+l (Next Test) Test pasSed--OI both fail and pass 
tg" off and start PB. 

X+2 (Scopex) Test failed and terminatian bit On 
(SDR contains segment and test 
number that failed) • 

X+ 3 (This Test) Test failed, termination bit was 1, 
and start PB. 

X+4(NextTest) Test failed, termination bit was 1, 
FLT mode switch on "Force Pass" , 
and start PB. 

~ Stepp:ng the bin trigger 
1 at this point, turns it on. 

i Bin Tgr On--Set Fail Tgr 
~ Bin Tgr Off--Set Pass Tgr 

programs 
this bit) ~1 

NOTE: Result of stort PB 

FIGURE 33. FLT COMPARE AND BRANCH KERNEL 

On 

Off 

Trap (Intermittent Failure) 
!loth Pass and Fail T9" On 

On 

Adr=X + 2 

Adr = X + 3 .. I 

1 

Result of FLT mode 
switch on force pass 
and stort PB 

F04 

Adr= X+ 1 

FeO 

Entry from scan test ctr 
not zero (15 times) 

I 
--Adr = X 



Main Store Ripple Test w()s Successful 

Initially, sel Ihe following; 
Disable interval timer 
Oi.able ROS relry (jumper OlC-E3C4Dll 10 008) 
Mounl FL T lope 1 
Check contr.,1 .v. itch to STOP 
FL T control switch to 5 TOP AFTER LOAD 
FL T mode .witch to LOAD 
(For single-cycle operation I set rote switch to 
SINGLE CYCLE and storoge test switch off the 
PROCESS position) 

Seq Clr = 3 IAR ." 24 on 
No Seq Stat 3 On 

Seq Ctr Mode On 
Load On 

NOTES 

No 

Stop occurred in test 3. 
Using IAR and SOR 
indications, refer to 
MS mode HC test 3 in 
,copex segment O. 
Repoi r tr:9ger 

See CPU roller 2 for status. 
FL T lood check caused by: 

I, Bus in pority 
2. Dolo pari ty 
3. Unit check on device 

Ye' 

No 

Force indicate. 
Compare ROSOR bit. 
with word map for 
current ROS address 
'and repoi r ROSOR bit. 

1. On extended ROS, initial holt after load is IAR = 408C. 

Prell START 
Check fOI Hops af 
FD6 and FD7 

Pre .. START 
Stop with 5DR - All Il~ 

2. If FLT load operation results in load checks, perform the following operation to check out the FlT 
load dota palh from the selector channel 8 register 10 the SOR on an FLT load from tope: 

Using the off-line CE controls on the TAU,write a long, continuOLli record of all ones on a 
scratch tope (mounled on an ovai lab Ie tape uni t) • 

b. Rewind the lape, put the TAU back on-line, and perform a normal fLT load. 
Set the seleclor channel roller to the B register (pOlition\) and visually compare the bits 
oppearing in the 8 regiller with thOle appearing in SOR. If any bit pOlition is not 
functioning, it i. opparent in Ihe indicalon. An FLT load check 01.0 occurs but Ihe 
loading of data continue. until the end of the tape record i. reached (the full record 
wri lien in slep 1). 

d. The procedure can b. repeated to cheek for correct .era .Iot .. by wriling all .eroo 
(except parily bit) on tope and repealing step. 2 and 3. 
The pority bit pOIitian. can be checked for Iheir .era .tate by writing all .eroo in bit 
pCllilian. P and 0-6 and one in Posili,," 7 and repeating .Iep. 2 and 3. 

FIGURE 3.4. FLT RUN AND REPAIR PROCEDURE 

Table 1 

Foiling 
SAR Bit 

29 
28 
27 
26 
25 
2" 
23 
22 
21 
20 
19 
18 

Yes 

Error Slop: 
SDR, 16-19 on, bit 

tested should be 1; 
off, bi t tested 
should be O. 

SDR 24-31, hex value 
of ROS bit number, 

SDR 1-12 ROS add, ... 

I 
L ___ , 

End of FLT I 

----------- - --

IAR 
Indicator 

101 
4 
4 

" " " 2m 

" " " 4 
4 

SOR 

IAR - 490 
SOR 0 all I's 

Indi cator Byte 

C 
14 
24 
44 
84 

30B 
204 
40" 
B04 -

1004 
2004 

R GS Made - Cycle Te," 

Using SOR 16-31, refer 10 
scopex and repair problem 
SOR 16- 19 = .. gment number 
SOR 20-3 I = te.1 number 
Segment 0 = ZCT 

Figure 35 

End of FLT 2 

- - - - - - -
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Bypass tests unti I this 
net is not I isted as an entry. 
If no failures liko this appear, 
return to original stop and 
refer to logic for repair. 

(Scan-in failure--hardcore 
QY310) 

No 

Yes 

Yes 

No 

If th isis error reg or if these 
triggers hove latch-back 
paths, ignore this entry and 
scope other G/F entries. 
Refer to logic and repair or 
bypass test ('s) until output 
point is not an entry. 

~ If much trouble is encountered on a particular failure, make note of it 
and continue on to the following tests in an attempt to find an easier 
failure to troubleshoot. 

FIGURE 35. CYCLE TEST REPAIR PROCEDURE 

Main Storage Ripple Test 

Following is the procedure for running the main stor
age ripple test: 

1. Set the storage test rotary switch to the zeros 
position. 

2. Press the write lever switch. 
3. Press the start key. IAR and SAR indicators 

15 * through 29 should blink and SDR should contain ones. 
4. Return the write lever switch to the neutral 

position. 

56 (3/71) Model SO FEMM 

Suspect: 
input or a clock 
pulse is gated 
during logout 

The fai lure is 
between the good 
nets and the bod 
net 

Determine nets 
feeding the bod 
G/F net 

No 

Suspect: 
logout or 
compare and 
branch 

No 

Determine nets 
feed i ng the AA 
net 

Determine nets 
feeding this bad 
net 

I 5. Press stop on check. IAR and SAR indicators 
15 * through 29 should blink and SDR should contain 
zeros. Return stop on check switch to normal. 
i 6. Repeat steps 2-5 with the rotary switch set 

to the ones position. Indications should be the same 
e>ccept SDR should contain all ones at step 5. 
~ While running the ones test, set the storage 

t~st switch to the process position. This gates the 
s~orage parity bits to the FLT op reg (2-5) thus 
t~rning the binary trigger on and off. 

7. Repair any failures before continuing. 
8. Return the main storage test controls to normal. 

• Depends on storage size; 15 equ"ls 128K. 



Skipping Bad FLT Records 

If a record on tape or disk cannot be read in cor
rectly, and it is desired to skip that record and read 
in the next record, the following procedure must be 
followed: 

For Tape: With the FLT control switch not on auto 
reread, depress the system reset PB and then de
press the load PB. 

For Disk: With the FLT control switch not on auto 
reread, set the FLT mode switch to the force pass 
position and depress the system reset PB. (This 
steps the cylinder counter up by one.) Next, set the 
FLT mode switch back to the load position and then 
depress the load PB. 

Disk (FL T) Operating Procedures 

The following procedures are for disk-originating 
FLT's and are not to be confused with the tape
originating FLT procedures which precede this 
section. 

MS Mode Hardcore (Disk): For stops and loops not 
identified in this section, refer to the main store 
hardcore listing (FLTOl) and check the stop codes to 
identify the failure. 

1. Mount disk pack No. 1 containing the MS 
hardcore tests on a disk drive attached to a selector 
channel, start motor, and wait until Wlit is ready. 

2. Select the channel and disk drive address 
with the load unit switches (switch labeled 0-7 selects 
the channel). 

3. Press system reset with the FLT mode 
switch in neutral. 

4. Place the FLT mode switch in the load posi
tion. 

5. Place the FLT control switch in the halt
after-load position. 

6. Place the check control switch in the stop 
position. 

7. Press the load key. The first record of MS 
hardcore is read into storage and the following indi
cators should now be on: 

a. Sequence counter indicators 1 and 2 
(equal 3). 
b. Sequence stat 3. 
c. Sequence counter mode. 
d. Load light. 
LAR should equal 024 (1st pack only). 
IAR should equal 4u8C (2nd and 3rd packs). 

8. Return the FLT control switch to process if 
the load was successful; otherwise, repair the load 
circuitry and reload (Figure 26). 

9. Press start. 
a. Record 1 is executed. If successful, 
record 1 calls in record 2 which, if success
ful, calls in record 3. 
b. Record 3 will stop three times for ROS 
words FD5, FD6, and FD7. These words 
have bad parity to test ROS parity check cir
cuits. 

10. At the first stop, the hard stop indicator 
should be on. 

11. Turn CPU roller 2 to display current ROS 
address (row 7). 

12. Depress the force indicator lever switch; 
the ROS address shown should be FD5. 

13. Press start. The ROS address should be 
FD6 and the hard stop indicator should be on. 

14. Press start. The ROS address should be 
FD7 and the hard stop indicator should be on. 

15. Press start. SDR indicates a successful stop 
as follows: 

P P P P 
IFF OFF IFF lFF 

MS Mode ROS Bit Tests (Disk): The SDH is used for 
error analysis and error indications. See the main 
store mode HOS bit test listing (FL 1'04) for stops and 
loops not identified. 

1. Press start (following a successful halt of 
MS hardcore tests). 

2. ROS bit test record 1 loads, executes, and 
calls for the next record. 

3. ROS bit test records continue to be executed 
until the termination record is sensed at the end of 
the disk pack. If no stops occurred, disk pack No. 1 
successfully checked out HOS bits for planes 0-5. 

LAR 004 
SDR P P P P 

1FF OFF IFF 1Fl 

4. Remove disk pack No. 1 and mount disk pack 
No.2, start disk drive motor and wait for the unit 
to become ready. 

5. Repeat steps 2-8 as described under "MS 
Mode Hardcore (Disk). " 

6. Press the start key. 
7. ROS bit records continue to be executed until 

the termination record is sensed at the end of the 
disk pack. If no stops occurred, disk pack No. 2 
successfully checked out ROS bits for planes 6-B. 

lAR 
SDR 

004 
P P P P 
lFF OFF 1FF IF2 
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8. Remove disk pack No. 2 and mount disk pack 
No.3. Start disk drive motor and wait for the unit 
to become ready. 

9. Repeat steps 2-8 as described under "MB 
Mode Hardcore (Disk). " 

10. Press start. 
11. ROS bit test records continue to be executed 

until the first good stop at location FD5. This word 
has bad parity in group 1 and tests the ROB parity 
check circuits. The hard stop indicator should be 
on. 

12. Press the force indicator switch. The cur
rent ROS address should be FD5. At this stop, set 
the check control switch to disable and press start. 

13. SDR indicates a successful stop as follows: 

P P P P 
IFF OFF IFF IFF 

The IAR should equal 15'81 (hex). 

ROS Mode Hardcore (Disk): For error stops and 
loops, refer to the ROS hardcore listing (FLT02). 

1. Mount disk pack No. 4 containing ROS hard
core, zero-cycle, and one-cycle tests on a disk drive 
attached to a selector channel, start file motor, and 
wait until the unit becomes ready. 

2. Select the unit with the load unit rotary 
switches. 

3. Make sure the check control switch is set to 
disable. 

4. Set the FLT control switch to halt after load. 
5. Press system reset with the FLT mode lever 

~witch in neutral. 
6. Place the FLT mode lever switch in the load 

position. 
7. Press the load pushbui;ton. IAR should equal 

3FFC. 
8. Place the FLT control switch in the process 

position. 
9. Press the start PB. The IAR should equal 

490 (hex), and the fail and binary triggers should be 
on. The SDR should contain the following~ 

P P P P 
IFF OFF IFF IFF 

10. Place the FLT control switch in the process 
position. 

ROS Mode Cycle Tests (Disk): For stops not identi
fied in this section, refer to the repair procedures. 

1. The ROS mode hardcore tests should have 
run successfully. 

2. Press the start PB. 
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3. The zero-cycle tests are loaded into storage 
and executed. 

4. Completion of the zero-cycle tests automati
cally calls in the one-cycle tests. 

5. Completion of the one-cycle tests results in 
a successful stop with the SDR equal to the following: 

P P P P 
IFF OFF IFF IFF 

6. Neutralize all the FLT controls (FLT mode 
switch off, FLT control switch on process, and 
check control switch on process). 

7. Using the storage test switches, write all 
ones in storage to restore good parity to storage. 

Cycle Test Repair Procedures (Tape/Disk) 

~: The FLT compare and branch microprogram 
(QY510) cannot be single-cycled correctly unless the 
FLT mode switch is in the neutral (off) position. 

If a great deal of trouble is encountered on a 
particular test failure, make a note of it and then 
continue on to the following tests to attempt to find 
an easier failure to troubleshoot. 

The following procedure may be used to locate 
problems that cause FLT's to stop before complet
ing all tests. 

1. Check the pass/fail triggers; either fail, or 
both pass and fail should be on. 

2. Check SDR. Byte zero contains hex 01 (bit 7 
is the termination bit). Bits 20-31 contain the hex 
value to use when referring to Scopex. If bits 16-19 
are other than zero, stop is in a one-cycle test. Go 
to item 17. If bits 16-19 are zero, go to item 4. 

3. If items 1 and 2 are not true, check IAR. If 
IAR is less than 148 (hex), the first six words of the 
record were not executed properly. Refer to the 
record format section. If IAR is more than 148 (hex), 
storage location 84 will contain the mask address 
for the current test. 

Note: As an aid in finding the error, bypass this 
test to see if there are multiple errors in the zero
cycle tests. U no multiple errors I turn back to 
first error. 

4. Get Scopex for the zero-cycle tests. 
5. Find the hex value in Scopex that agrees with 

SDR 20-31. The column following the test number 
indicates what the test was trying to do with the 
trigger. R or 0 equals reset; S or 1 equals set. 
The next column contains the location of the card 
that the failing trigger is on. Change the card. 

6. Press start. 
7. If the card was bad, testing continues. 

Otherwise, SDR will contain the same hex value as 
in item 5. 



8. If the card was not at fault, turn CPU roller 
2 to position 7 and check that the current ROS ad
dress is 000. 

~. Place the FLT control switch in repeat. 
10. Set the ROS address compare switch to stop. 
11. Place F49 in data keys 20-31 (checks scan

in, QYI10). 
12. Turn CPU roller 1 or 2 (depending on the 

trigger being tested) to the position containing the 
failing trigger. 

13. Press start. 
14. If the block indicators light is on, use the 

force indicator switch to check the value. The trig
ger should be in the state that is being tested for. 
If not, refer to the logic and the scan-in paths. The 
logic involves a maximum of four cards on scan-in. 

15. If scan-in is correct, place F4F in data keys 
20-31 (QY510). 

16. Press start. SDR contains the actual re
sponse. To find the tested bit, refer to Figure 36 
and the logic. 

17. For one-cycle tests, the segment number 
and test number are displayed in SDR (16-31). Find 
this number in the appropriate Scopex volume. 

18. Rotate CPU roller 2 to position 7 (current 
ROS address) for one-cycle tests, or pOSition 8 
(previous ROS address) for two-cycle tests (segments 
four and six). 

19. Place the value of the current ROS address 
for one-cycle tests, or the value of the previous 
ROS address for two-cycle tests (segments 4 and 6) 
in data keys (20-31). This is the stop address for 
static scoping. (Emulators use data keys 19-31.) 

20. Place the FLT control switch in the repeat 
pOSition. 

21. Press start. The output point (first line) of 
the failing test may be scoped dynamically. All 
other points may be scoped either dynamically or 
statically. 

22. To scope the output of the failing test dynam
ically: 

a. Attach the sync lead to the sync box (positive 
sync). 

b. Rotate the switch on the sync box to FLT 
cycle sync. If sync box is not available, sync 
minus on B-D1C3DI0 (KH331). 

c. Set the scope time base to O. 1 microseconds/ 
centimeter. (This displays two cycles.) 

d. For two-cycle tests sync on first sync pulse. 
23. The area of the scope face to check depends 

on the circuitry being scoped. 
a. For group A, look during and after output 

trigger clock time (the group is indicated in 
Scopex next to test number. See Figure 9). 

b. For group B, look during clock time. 

c. For group C, look before and during clock 
time. 

d. For group D, look before clock time. 
Figure 34 is a Simplified description of the fol

lowing steps (24-29): 
24. Place the scope probe on the output point. If 

the output level agrees with Scopex and holds that 
value until logged (see logout chart), check the test 
number and segment number (step 17) with FLT con
trol switch in process. If step 17 is correct, check 
the logout circuitry. If the output level agrees with 
Scopex and does not hold its value until logged (a 
clock pulse is gated to the trigger before it is logged, 
or an input has changed during scan-out) or if it does 
not agree with Scopex, go to step 25 (static) or to 
step 26 (dynamic). 

25. Statically scope as follows: 
a. Set the ROS address compare switch to stop. 

Machine will stop unless the wrong ROS ad
dress is set up. (See step 18.) 

b. If the check register gated indicator is on, 
go to step 26; otherwise, continue pressing 
start until the indicator comes on. 

26. Scope the G/F entries. If the G/F entries 
do not agree with Scopex, continue; otherwise, go 
to step 29. 

27. Check to see if the output point is listed as 
an entry. 

a. If the output point is also an entry and this is 
the error register (KTOll-031), ignore this 
entry and scope other G/F entries. If the 
output point is also an entry and this is logic 
(KS101-171, KS201-231, or RP011-021), 
these triggers have latch-back paths. Refer 
to logic and repair or bypass the test(s) 
(step 28) till the output point is not an entry. 

b. If the output point is not an entry, bypass 
the test(s) (step 28) until this net (G/F entry, 
step 26) is not listed as an entry. If there 
are no similar failures, return to the orig
inal stop, refer to the logic and repair (scan
in, dead entry, or ROSDR failure). 

28. To bypass tests, place the FLT mode switch 
in the force pass position, press start, return the 
FLT mode switch to the load position, and press 
start again. 

29. Scope the G/F points in order after the output 
point. 

a. If there are no G/F points, change the cards 
listed at the end of the test. 

b. If a G/F point agrees with the Scopex: 
1. Go to the previous bad G/F point and 

scope its inputs (FED BY). 
2. If the inputs agree with Scopex, the card 

or some other point in the failing net is 
bad. 
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Scan-In 
! From Scan-Out Scan -I 

To I T~~t Word To Via Scon Oul Approx 
Micro- Time .* 

R.g Bi", * Word Bits lac Bils Gr Logic Inln (usec) Commen" 

P-3 12-15 98 9-13 BH611-621 . F24 15.5 Pori Iy of J generated from AOB 8-15 and 
Parity of 8-15 

MO P-3 16-19 98 14-18 8H611-631 FU 15.5 Parity of MO generated from AOS 16-23 
and parily of 16-23 

Byt. PO-P3 Nol Logged 

Slots 
PSW 32,33 0-1 9C 24,25 SH681 FAJ 17.5 Bi I. 0 and I decoded to ",t I LC 

32-33 0, I = 00 ILC = 01 0, I " 01 or 10 ILC = 10 
0, I = II ILC = II 

MB P-I 3-4 94 9-11 B BH611 FA4 13.5 Parity generated by and of mover 6-7 

G2 S-3 5-8 98 26-31 B BH641-651 F24 15.5 Parity generaled by parily of mover 4-7 

F P-3 21-24 94 12-16 B Brl621 FA4 13.5 Pori Iy generaled by mover 4-7 

PSW 34-39 26-31 9C 26-31 0 SH681 FAJ 17.5 

34-39 
Corry 0, I 94 30 0 BH681 FA4 13.5 

Stat 
Slare 8-11 Nol Logged 

Prot 
I Syl 15,16 9C D BH671 FAJ 17.5 

Op 
Not Logged PSW 23-30 

0-7 
Stal> 4-7 PO-P3 94 24-27 0 BH681 FA" 13.5 

4-7 
L S9n 94 28 0 SH681 FA4 13.5 

Slat 
Mpx 1-13 04 4-14 BH341 

GI $-3 24-27 98 20-2.~ Parity generaled by parity of mover 0-3 

Q Reg 0 31 94 17 BH631 FA4 13 5 

CPU 2 PI-P3 8C 26-28 BH641 FAS 10.0 

WFN 
R S9n 94 29 0 BH681 FA4 13.5 

Stat 
Stots 0-3 PO-P3 94 20-23 0 8H681 FA4 13.5 

0-3 
BH341 Bfr 0-7 CC 0-8 

I 
9-17 BH341-351 Bfr 8·15 CC 

Mpx 16'-19 04 18-21 SH321 

Stc." 

LB P-I 30-31 94 6·8 BH611 FA4 13.5 Parily generaled by and of mover 6-7 

LSFN 0-1 P2-P3 98 7·8 BH611 F24 15.5 

I/O P-I 30·31 94 1·3 BH671 FA4 13.5 Parity generaled by exe lu.ive OR of bitt 30-31 

Reg 
I/O 0-2 P3·PI 8C 29·31 BH651 FAS 10.0 

WFN 
A8 0·31 A BHIAI·191 F22 28.0 M PO-27 PO-27 

28·31 28·31 AC 24·27 FAI 25.0 

PO·27 PO·27 B8 0·31 G SHIOI·131 F20 32.0 

28-31 28-31 BC 24-27 FBO 33.5 
PO-27 PO-27 BO 0·31 A BH141-191 F21 27,0 

28-3! 28-31 B4 24·27 FAO 29.0 

I/O 10 PO-31 

IF 
A BH141-191 F23 H PO-27 11 PO-27 AO 0·31 19.0 

28-31 28-31 A4 24·27 FA2 21.0 

LSAR P-5 98 0-6 B BH601·611 FA4 13.5 Scanned in '!olue is some as J Reg 

Ref.tcn 9C I 0 BH671 FAJ 17.5 Sel If Bits 18·28 of AOBand IAR Match 

Error 88 0-26 C BH741-781 F26 8.0 0-3 Eq Half Sum 4-7 Eq. Full Sum 8 Eq. Cor 

Reg 9-11 Eq. LB, MB, MD 12, 13Eq. GI, G2, 14·16 
Eq. U, V Mvr Out 21-23 Eq. ROS 

ROAR 90 6·17 SH811 F25 11.5 

NOTES: 

1. To check if trigger maintains value for Icon-out: 2. To check Ih. value of a Irig"er before .eon-out and Ihe acluol 
Rolote T /CM .wi Ich 10 5 or 10 u.ee. scon-out before the compare ond bronch: 

b. Trigger .hould hold volu. for 01 lea.t time ,pecified in a. Place address 2eO inlo dolo key. 20-31. 
approximate time column. b. Place Fl T conlrol ,witch 10 repeat. 
If nol proper, c~ock poinl. feeding lrigger from Scope_ and Depress start. 
make lure of 0/1 levels. d. Ploco ROS oddre .. compore .wilc~ 10 .'op. 

d. If OK eheok 2. Rolot. appropriate CPU roller 10 po.ilion Ihol di.play, 
foiling trigger. 

"Thi. column Indicate. numbor of bits logged out. I. If block indicator light i. on, de pro .. foreo indicator .wlteh. 
Microinstruction il the actual ROS oddre .. tnot caulel Ollociot.d g. The voluo indicated now i. what .hould be placod in memory. 
group 10 be placed on .ean bu •. h. Plac. F4F in data key. 20·31. 

i. Dep,. ... tart. 
··Approximate time is the omount of time j. If block indicator lighl i. on, de", ... force Indicator .witch. 

the output poinl on Scope_ mu,t k. SDR now contain. tho actual ... pan .. (obtai nod from 
maintain the indicated value to be Ihe .can·out location). 
galod inta tho SOR ,ucce .. fully 
(ref.,once time i, Fl T cycle 'ync 
pul.e). 

FIGURE 36. FLT SCAN-IN, PARITY GENERATION, AND SCAN-OUT 
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3. If any input is bad, follow its inputs until 
a point is found with all inputs good. This 
point is in the failing net, and the card or 
some other point in the net is bad. 

c. If there are no G/F points listed and no cards 
listed, or if none of the G/F points agree 
with Scopex, refer to the logic and scope the 
dead entries. 

Checkout After Repair 

After effecting an FLT repair, rerun all FLT's to 
be sure of the fix. Use storage ripple (all ones) to 
put all good parity in storage (FLT's use both good 
and bad parity), and neutralize all FL T controls. 

FLT DOCUMENTATION 

This section describes documentation presently 
available for the Model 50 fault locating tests. 

MS Mode Hardcore: Documentation consists of a 
program listing (FLT01) of the tests as they are in 
storage. This includes the op code, data, function, 
and IAR value. There is also a table provided for 
SAR and/or IAR failures. 

MS Mode ROS Bit Tests: Documentation consists of 
a listing (FLT04) providing samples of the first two 
tests of record 1 and an explanation of how to deter
mine the starting address of a failing test. This in
cludes op code, data, function, and IAR and SDR 
values. 

ROS Mode Hardcore: Documentation consists of a 
program listing (FLT02) of the tests as they are in 
storage. This includes data, function, and IAR 
values. 

ROS Mode Zero-Cycle Tests: The zero-cycle test 
documentation is shown in Figure 37. The first 
column is the test number in hex. This is the num
ber displayed in SDR bits 20-31 on a termination. 

The second column contains two characters 
which show the condition the trigger should attain 
for the test. The first character indicates whether 
the trigger should be set (8) or reset (R) by the test, 
and the second character tells whether the scope 
point given should be an up (1) or a down (0) level. 
The only combinations that appear are RO and 81. 

The third column gives the pin at which the 
value (0 or 1) should be observed; the fourth column 
provides a logic page reference to the trigger being 
tested, and the fifth column gives the name of the 
trigger. 

Test Desired logic Trigger 
No. Result Test Point Poge Nome 

012D RO 01A-C4M4D12 RR071AM R Reg 28 
012E 51 
012F RO 
0130 RO 01A-C4M4B12 RR071 AB4 R Reg 29 
0131 51 
0132 RO 
0133 RO 01A-C4M4Jl0 RR071 AC4 R Reg 30 
0134 51 
0135 RO 
0136 RO 01A-C4M4G08 RR071AD4 R Reg 31 
0137 51 
0138 RO 
0139 RO 01 A-C3H2D06 RROOI AB4 M Reg 0 
013A 51 
013B RO 
013C RO 01 A-C3H2D05 RMOOl AC4 M Reg 1 
013D 51 
013E RO 

Example: Stop at 133 indicates R register (30) does not reset off. 
Stop ot 134 indicates R register (30) does not set on. 
Stop at 135 indicates R register (30) does not reset off oltef setting on. 

FIGURE 37. ZERO- CYCU TEST DOCUMENTATION 

HOS Mode One-Cycle Tests (Scopex): The one-cycle 
test documentation (Scopex) is an automatically pro
duced FLT document that allows conversion from 
the pattern displayed on the console lights to the 
suspect cards or nets. Scopex consists of a series 
of lists, each referring to one particular test. Lists 
are separated from the identification number of the 
test by asterisks. Each list consists of several 
lines of information, each line referring to a parti
cular pin or net in the machine. A typical list is 
shown in Figure 38. When a test sequence stops, 
the hex number displayed in bytes two and three is 
the segment nwnber and test number within the 
segment. 

The term "tree" includes all nets encountered 
when tracing back from a trigger and continuing 
until each path reaches either another trigger or 
another entry to the combinational logic; e. g., I/O 
lines, console switches, etc. Entries to the trees 
are identified by the word "entry", if they are 
triggers which can be set to either state by the 
scan-in logic. If entry points are always at the 
same state at the conclusion of scan-in, they are 
"dead" entries. 

Each line of the list refers to a net in the ma
chines which, if it does not assume the value which 
the input pattern is trying to force it to, will cause 
the test to fail. These nets are given in the fourth 
column (net) of the list. The first line (Ref-AA) in 
each list corresponds to the output point, the next 
lines to the nets feeding this output point, and so on 
back through the logic to the entries. The pin at 
which each net can be observed is shown in the third 
column (Pin). Generally, only the nets having pins 
are printed on the list because the failure of a net 
internal to the card will nearly always propagate and 
give the wrong value on a pin. The second column 
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(V) of each list contains the values which should 
exist on these pins if the test passes. The time 
relative to the clock at which these points should be 
observed depends on the position of the block within 
the logic. The four classes defined, together with 
their observation times, follow. (The clock referred 
to is the clock controlling the output trigger, and 
the logic page for this trigger is always given in 
line AA. See Figure 39.) 

1. Group A scoping values must be measured 
during and after clock time for the output trigger. 

2. Group B must be measured during clock time. 
3. Group C must be measured before and during 

clock time. 
4. Group D must be measured before clock time. 

The group to which a given line belongs is given 
next to the value which should be found. 

Column 5 of Figure 38 (Ref) contains a reference 
list for all lines in the list starting from AA (the 

Columns 

Pin Net Ref 
6 

Fed 8y 

lC ................. ****.** •• 

AO 01A-C.cl.cG08 Rl071AO.c AA AS AF 
CI 01A-C.cl.cJ06 RL071AT.c A8 Al AC 
CO 0IA-C2lS013 8A311A(4 AC AD 
CO 01 A-C2G.c00.c 8A3118H4 AD AE AI AT AU 

BH 
01 0IA-C2F6GI3 8A3llAE4 AE AG 
Cl 01 A-C4l6803 Rl071 B04 AG 
DO 01 A- B3KSB08 AM071AT4 RG AH AK 8A 
01 0IA-Il3K5006 AM071AS4 AH AJ 
01 

exit point) and going through AZ, B, and BA, as far 
as necessary. 

Column 6 (Fed By) contains the references of all 
sensitive nets feeding the block to which the line 
refers. This enables the sensitive tree to be built 
up. Because this is only the sensitive tree and not 
the complete tree, several points should be noted. 
The fact that the output of a block is sensitive can 
still allow either all or some of the inputs to be 
insensitive. Figure 40 shows that if net BA, a 1, is 
sensitive, then neither of its inputs is sensitive 
because either can change without affecting the out
put. (The FLT concept assumes only a single fail
ure.) In the case of net CA, a 1, net BA is sensi
tive but net AB is insensitive. 

Figure 40 shows that if net EA is sensitive, then 
neither net BA nor net DA is sensitive because 
either could change without affecting the output. 
However, going back to net AA we see that if this 
changes, then both inputs to E will change and the 
output will be affected. Therefore, net AA and both 
of the inputs to block A are sensitive. In the case 

FlT5y~ 
1 I 

Cloc:~ 
I I 

Group A 11041.-+1-- \' \ 

I 1 01 A-C2K4004 KC411 AC4 AI 
DO 01 A- B3K5802 AM071RR.c AJ 
01 01 A- B2E3B02 AN081AZ4 AK 

AL AO 
AW BB AS 8C ~.fL . /" ?roup B H 

~~ / GroupC 1 .. I 

~ , \ 

\ 

G/F 
01 01 A-C2l4B07 KC.c018H4 AL 
DO 01 A-02F2B07 053010C4 AM 
00 01 A-02F2Bl0 05301G84 AN 
01 01 A-C2K6006 KC401 BJ4 AO 
01 01A-D2G3Bl0 OS3010A4 AP 
01 01 A-02G3807 OS301C84 AQ 
01 01 A-02G3809 05301CA4 AR G/F 

AV AM AN 

AR 
AP AQ BE 

A2 
A3 
A4 

'8<V'-" - 1 I c.' Group 0 ~I 1 
~ ---= -Jir .. ..A / NOTE, The clock pulse will be within 1 

.,. ~",vr I m icrotecond of the F l T sync pulse. 

i 1 
\ \:A\\..---

\ \ 

01 01 A- B4l5D06 8X031 AJ4 AS AX 
01 01 A-C2G7006 BA3118V4 AT FIGURE 39. ONE-CYCLE TEST SCOPE TIMINGS 
01 01 A-C2D?B07 8A311814 AU 
00 01 A-Ol J3802 OR0328R4 AV AY AZ 
01 01 A- 84040 11 8Y031AM4 AW 
00 01 A- 84J5813 DROll BJ.4 AX 
01 0IA-Ol16802 OR032C84 AY 
01 01 A-Oll6009 OR032AT.c AZ 
01 01 A-Ol H5802 OR032AS4 B 
Dl 01A-Ol06808 DROll Cl4 SA 
Dl 01 A- 84E3005 BY031AN4 BS 
DO 01A-84CS012 DR021A02 8C 
DO 01 A-Ol M6006 OR031AL.c so 

01 01 A- 02F20 18 OS301GM BE 

BF 

AS 
SO 

BG 

~ 
~,~ L C 

-~ 

~
8 ~ .... 

OR 1 

1 (BA) 

01 0IA-84H6007 DR011AL4 SF 
DO 0IA-8406002 RK31lCD4 BG A6 
01 0IA-C2G4J02 8A311 AX4 BH A7 A8 A9 BO 

0 DEAD ENTRY RL071AM4 Al ENTRY 
0 0IA-D2D3804 RK231A04 A2 ENTRY 
0 01 A- 02 03006 RK231AE4 A3 ENTRY 

G/F 0 01 A- 0203803 ~K231 AF.c M ENTRY 
0 0IA-01K7D06 RK3218F4 AS ENTRY 
1 01 A- 84D6e04 RK3118D.c A6 ENTRY 
0 DEAD ENTRY 8A311AV.c .1>.7 ENTRY 
0 DEAD ENTRY 8A311AU4 A8 ENTRY 
0 DEAD ENTRY BA311 AH A9 ENTRY 
0 DEAD ENTRY BA311AS.c BO ENTRY 

G/F 0IA-B2E3 CARDS 

FIGURE 38. ONE-CYCLE TEST DOCUMENTATION ISCOPEX) FIGURE "'0. SENSITIVE NET EXAMPLES 
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of the blocks that are set by the scan-in circuitry 
and which are sensitive, no "fed by" information 
can b~ given and the word "entry" is printed in this 
space. To make it easy to identify these points in 
the main list, they are referenced differently. They 
are labeled AI-A9, BO-B9, etc. In the cases where 
a block is fed by several nets having sequential 
references, whether entries or in the main part of 
the list, the references are given as AD-AG, instead 
of AD, AE, AF, AG. 

The only other information on Scopex concerns 
those cases where a net internal to a card is sensi
tive but does not propagate its sensitivity to a pin. 
In these cases, separate lines give the index num
ber followed by the word "card" and then a list of 
the cards that are suspect. 

PROGRESSIVE SCAN 

Progressive scan is a method of testing the common 
channel, the multiplexor channel, and the selector 
channel, using no additional hardware to scan directly 
into each loggable storage element. Storage elements 
are set by controlling the action of the channel clocks 
and by applying patterns via the diagnose instruction. 

Two tapes or disks are created in FLT format, 
one for testing the common channel and the selector 
channel, and the other for testing the common chan
nel and the multiplexor channel. 

The tests are written in a functional manner using 
the diagnose instruction as a vehicle for controlling 
clocks and the action of the I/o interface. Each group 
of tests making up a complete function is termed a 
series, and each series may be divided into routines. 

Each test begins from a reset condition. A pat
tern is applied by diagnosing to ROS in a functional 
manner or after having set the interface (IF) register. 
Figure 41 shows details of the IF register. Each suc
ceeding test includes all the preceding testing plus the 
testing required for the next stopping point prior to 
logout. 

Figures 42 and 43 show multiplexor channel 
and selector channel progressive scan run and repair 
procedures, respectively. 

Note: Disable ROS retry by jumpering 01C
E3C4D11 to a DOS pin before running or biasing 
FLT's, diagnostics, or progressive scan. (It is 
normal for the master check indicator to be on dur
ing the running of progressive scan tests.) 

Test Descriptions 

Progressive scan tests are identitied by a series 
number and a test number along with the name of 
the test. A typical selector channel series is com
posed of many individual tests. Each test performs 
all the operations of the p1:evious test plus additional 
operations. An example of this appears in Figures 

44 and 45. Figure 46 shows how to determine the 
length of a progressive scan test when using the re
peat instruction with the diagnose address. 

Selector Channel Clock -- 100-001-006 

The selector channel clock is stepped to each point 
in its instruction scan sequence, logged out, and 
compared to a known good pattern. If there is a 
mismatch between logout and good pattern, the 
pertinent information is printed on the printer. 

Start I/o Write -- 110-101 

These tests are the start of true progressive scan. 
All other tests are modeled after this series. 
There are 12 stopping pOints between issuing a 
start I/O up to and including the second DTC of a 
start I/O ROS routine. 

The selector channel and common channel are 
logged out when the start I/O microinstruction is 
gi ven, at break-in for the first selector channel 
routine, and for each clock of each of two DTC's 
issued in start I/O routine. 

The diagnose instruction is also used to function
ally test the start I/O instruction. A description of 
some of this test follows. Figure 47 shows timing. 

SIO Clock Al -- 110-101: Common and selector 
channel are first reset. Diagnose instruction is 
used to scan into L register (unit address and chan
nel), R register (command address), and M register 
(command code and data address). Next the IF reg
ister is set with the scan bit (stops the common 
channel clock) and the selector channel clock is 
allowed to advance to A 1. The common channel 
clock will not run unless the diagnose instruction 
is counting ROS cycles. The diagnose instruction 
is now used with a count field of two to turn on the 
start I/O trigger in the common channel (ROS Addr 
9BE). At this pOint the selector channel has aclmow
ledged the start I/O, but it will not request a break
in until its clock reaches clock step. A log is initi
ated with the selector channel clock at Al and with 
the common channel start I/O trigger on. 

Reg SIO Routine -- 110-102: The common and 
selector channels are again reset. The L, R, and 
M registers are scanned. The IF register is set to 
control the common channel clock and to set the 
selector channel clock at AI. ROS Addr 9BE is 
again addressed by diagnose instruction to turn on 
start I/O in the common channel. At this point, 
test 02 is at the same place as the end pOint of test 
01. To advance to the next logout pOint, the IF 
register is set to advance the selector channel 
clock to clock step. A logout is taken. Normally 
at this point the selector channel requests the start 
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FIGURE 42. MULTIPLEXOR CHANNEL PROGRESSIVE SCAN RUN AND REPAIR PROCEDURE 
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FIGURE 43. SELECTOR CHANNEL PROGRESSIVE SCAN RUN AND REPAIR PROCEDURE (PART 1 OF 3) 
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FIGURE 43. SELECTOR CHANNEL PROGRESSIVE SCAN RUN AND REPAIR PROCEDURE (PART 3 OF 3) 
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PROGRAMMING 
LOCATION CONTENTS TEST 01 SOURCE LANGUAGE COMMENTS 

00100{) 

T 
ORG AA+4096 X'IOOO' 

001000 OS 00 
DC X'8300' 
DC AL2(ySL13) 
DC X '00080001 , 

DC F'O' 

001000 8300 

+ 
DC X'8300' 

001004 OF08 DC AL2(YSL13) SCAN-IN IF + H REG 

001008 08AOOOOI DC X '08 AOoo01, SET IF AO, SCAN, CHI BITS 4, 8, 10, 31=1 

00100C 00000000 DC F'O' ZERO H REG 

001010 6600 DC X '6600' PSS=SS=1 C=3 

001014 133E DC AL2(KC50FL) RESET EXT C HAN--CECC I 

001018 6600 
2 

DC X'6600' PSS=SS=1 C=3 

00101C I F96 i- DC AL2(KC480L) RESET COM + MPX CHANS--CECC6 

001020 0400 DC X '0400' 
001024 1 E58 DC AL2(ySGIFL) SCAN-IN I/O, M, L,R REGS--4 WORDS 

001028 00000000 DC F'O' ZERO I/O REG 

00102C 01000290 3,4,&5 DC X '01000290' M REG = OP, DA(I,290) 

001030 00000100 + DC X '000001 00' L REG = UA, CH(O,1) 

001034 00000300 DC X '00000300' R REG + SP, CA(0,300) 

001038 0000 DC X '0000' 

00103C lElO 6 
DC AL2(ySL13L) SCAN-IN IF + H REG 

001040 18AooOOl 

-1-
DC X'18AOOO01' SET IF Al ,SCAt;-J,CHl ,BITS 3,4,8,10,31=1 

001044 00000000 DC F'O' ZERO H REG 

001048 4600 DC X'4600' PSS=SS=1 C=2 

00104C 120A t- DC AL2(KC051 L) START I/O 

001050 0400 DC X '0400' 

001054 lE12 8 DC AL2(ULC73L) LOGOUT COM, MPX, SEL CHANS--17 WORDS 

001055 l DS 17F LOGOUT AREA 

• Refers to steps of test 01 shown on Figure 45. 

FIGURE 44. TEST SERIES 110.1 TEST 01 (DIAGNOSE SECTION--START I/O WRITE SERIES) 

TEST 01 TEST 02 TEST 03 TEST 04 

1. Stop on AO 1. Repeat Test 001 1. Repeat Test 001 1. Repeat Test 001 

2. CECC 1,6 steps 1-7 steps 1-7 steps 1-7 

3. Scan into L (UA and Ch) 2. Stop on C lock Step 2. No clock Stop 2. No clock stop 

4. Scan into M (Op code and DA) 3. Link to Logout 3. Link to Logout 3. Link to NOP 919 

5. Scan into R (SP tag and CAl 
C=3 

6. Stop on Al 
(break in wi \I occur) 

7. Link to St I/O (905 - QK 700) C=2 
4. Link to Logout 

8. Link to Logout 

St I/O Cl Al Req St I/O Rtne Req St I/O Rtne Break In St I/O Rtne 

FIGURE 45. TYPICAL TEST SERIES (SERIES 110) 

1 est Length 

I _4 __ "~I logoulSIo,""'" 

_ Scope 0 1 A C3C5 D06 

L 
(-Scan-D) 

Sync Scope on ROS FC5 

FIGURE 46. SCAN TEST TIMING PROCEDURE 
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TEST R LR L R LR L R LR L R LR L R LR L R LR L R LR L R LR L R LR L R LR L R LR L R LR L 

110-101 Run Common Chonnel Clock - I--
WCC STT I/O - W-r"L-
IF Reg Stop On Al 

sn I/O Common Channel 

Lag 

110-102 Run Common Channel Clock - I---

WCC 510 - ~ t'"L--
I F Reg Stop On A I -' L I 

t---
I F Reg Stop On CS 

Req SIO Rtne ,.. j.-
Log ~ ~ 

110-103 Run Common Channel Clock - I--
WCC 510 - r- "'L--I-
IF Reg Stop On AI 1-I--
I F Reg Slop No Clock i-~ 
Clock Slep - ~r-t---
Req SIO Rlne -~ 
Lag - 1---1-

r---

110-104 Run Comm",., Chonnel Clack - NaP NOP ole 1---1-

WCC 510 - ~~ 
IF Reg Stop On AI 

I F Reg Stop On No Clock -P I"-Clock Step - f---

Req SIO Routine - f---l 
Priorily Cycle ~ -
Breok In - - f---

First I/O Cycle ~ 
~ -

Lag j.---
110-105 Run Common Channel Clock - 9 BE 919 Nap 010 I-- 839 AB9 I---

510 First DTC 

WCC STT I/O -r-rt- Adder 

l- Sla 
Rlne 

I F Reg Stop On Al 
I 

I F Reg Stop On No Clock 

W 
L. f---

Clock Step - I--

Req SIO Rtne - !----J 
Priority Cycle - It---

t--
Breok In - I---I--
First I/O Cycle I---

~ -
I F Reg Stop On AO - I----J 
First DETC STO Rtne - M-
Sel Ch Ciock AO j.-. -

110-106 ~un Common Chonnel Clock - ;:;.. 919 919 010 I-- DTC AB9 f---

WCC STT I/O - rt-
IF Reg Stop On Al 1-' : 
IF Reg Stop On No Clock 

-~ 
1-1---

Clock Step =W ----Roq STO Rlne -
Priority Cycle - I---

t--
Break In - ~ I--

FIrst I/O Cycle - ~ t--
IF Reg Stop On Al 

First DTC SIO Rt .... - I""L-
Sel Ch Clock AD - h-
Sol Ch Clock Al - W-~ 

FIGURE 47. START I/O WRITE TIMING 
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I/O routine and the common channel breaks in. 
However, since the common channel clock is stop
ped, the detect registers will not turn on even 
though the selector channel has provided a priority 
request. 

Reg 810 Routine -- 110-103: This test is the same 
as the previous test, except that the clock pulse is 
allowed to run at normal machine speed (100 ns) 
rather than be at a dc level at logout. After the. 
start I/O trigger is turned on, the IF register is 
set to allow the selector channel clock to advance 
from Al through clock step. A logout is taken at 
this time. 

Break-In 810 Routine -- 110-104: The channel is 
reset and the L, R, and M. registers are set 
prior to diagnosing to start I/O. The IF register 
allows the selector channel clock to advance past 
clock step as in test 03. Because the selector 
channel has a priority request pending, the only 
requirement of the common channel is that it turn 
on a detect register and break in to the CPU. Be
cause the common channel clock is stopped, it is 
necessary to get it running to break in. This is done 
by diagnosing to a R08 NOP (919) for a count of 
three. A count of three allows for a break-in and 
execution of the first microinstruction of the I/O 
routine. An exit can be made from the routine to 
a linkage control word at this time in order to pre
pare the IF register (selector channel clock) for any 
DTC's in the I/O routine. A logout is taken at break
in time. 

First DTC AO 810 -- 110-105: The channel is exer
cised to exactly the same place as in the previous 
test at logout time. It has executed the first micro
instruction of the start I/O routine. An exit is now 
made from the I/O routine, and the IF register is 
set to stop the selector channel clock on AO. Next 
the linkage control word goes to the next ROS ad
dress in the routine for a count of two in order to 
issue the DTC to the channel. When the DTC is 
issued, the selector channel clock steps to AO. A 
logout is taken here. 

FirstDTC Al SIO -- 110-106: Everything is the 
same as the previous test except when an exit is 
made from the I/O routine after break-in, the IF 
register is set to stop the selector channel clock 
on A 1. The diagnose instruction calls on the second 
microinstruction of the SIO routine for a count of 
two, and the selector channel stops on A 1. A logout 
is taken. 

Remaining tests are applied in the same fashion. 
The selector channel is forced to a known state (not 

necessarily a reset state). Then the common chan
nel is run to break in and issue DTC's. However, it 
is necessary to set the IF register in order to con
trol the selector channel clock. 

Test Patterns 

The method used to obtain the good patterns is to 
apply the tests, logout the common and selector 
channels, and record the logout data as "good ma
chine" patterns. Tests identical to those used for 
pattern generation are run, and the logout is com
pared to the pattern residing in storage. If a mis
match is sensed, the same type of information as 
provided in the selector channel clock test is given. 

Selector Channel Tape or Disk 

The tests on tape and disk appear in the following 
sequence: 

1. Hardcore -- These tests check the hardware 
needed for running the progressive scan tests. 

2. Common Channel -- These tests check the 
common channel for channel 0 operations (or chan
nels 1, 2, or 3, depending on the system configura
tion) . 

3. Selector Channel -- These tests exercise the 
external selector channel. 

The tests are arranged so that the greatest 
coverage occurs in the first few series. 

The first two records contain the progressive 
scan selector channel control program which is used 
to compare the logout of the machine to a known 
good logout. The print section of this control pro
gram prints or types a heading and a list of the fail
ing triggers. The heading contains the test number 
and name, the time of failure (log point), the sync 
point, the loop numoer (used for detecting intermit
tents) and the diagnose address (for looping). 

Selector Channel Clock Control 

Progressive scan tests the common channel and 
selector channel together. Both the common and 
the selector channel clocks are controlled by the 
diagnose instruction. Tests can therefore be run 
so that selector channel A clock can be stopped on 
any clock pulse for each data transfer control (DTC) 
signal issued by the common channel. 

Either a DTC signal or a pulse from the IF reg
ister will start the A clock, causing the clock to 
advance through one cycle. DTC must fall to allow 
the clock step control signal to rise (Figure 48). 
Clock outputs then initiate a series of predetermined 
channel actions. The particular routine performed 
determines the numbe.r of DTC signals sent to the 
selector channel. 

Maintenance Feature. (3/71) 71 



1. DTC 

2. Lotch C 

3. Latch A 

4. Latch B 

5. Latch D 

6. Clock AO 

7. Clock Al 

8. C lock Step Ctrl 

Fir" Clock Cycle 
Second I Third 

Clock Cycle Clock Cycle 

I 
I 'Step" I 

I AO I AI ICon-I I I 
I Time! Tim!! I trol I 
I I Ir· I 
~JL.. n , 

I I I I ! ------';----------'I 
I I I I 

I 
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I I I I , 

~J""""-----' 
I I I I I 

I 

I 

I I 

H ri ~--~~I ~I --~--~ ~I ----~ 
I 

I I 
, I I 

~--~~~~I ~ ____ ~r-I~I ----~ 
I I 

, I I I I 

'Other input signols to the clock can initiate a Flock cycle. 

I 
FIGURE 48. SELECTOR CHANNEL A CLOCK: SIGNAL SEQUENCES 

The common channel clock (I/O clock) is inhib
ited by the diagnose word placing a bit in the IF 
register. The supervisory stat allows the clock to 
run for a given number of cycles. 

The diagnose instruction begins from a normal 
I fetch and is executed in the following fashion: 

1. The quantities (B) + D and the immediate data 
field are assembled in the storage data register 
(SDR) and stored into main storage (hex address 80). 
From the SDR, bit 8 of (B) + D is put into the I/O 
mode stat. Bits 20-31 of (B) + D are put into ROAR. 
Simultaneously immediate data bits 1-3 are put into 
the sequence counter, bit 5 is put into the supervi
soryenable storage stat, and bits 6 and 7 are put 
into the progressive scan stat and the supervisory 
stat respectively. 

2. ROS now begins executing microinstructions 
starting from the address put into its address reg
ister. 

3. If the supervisory stat is on, the CPU clock 
is advanced synchronously with the sequence counter. 
When the counter reaches zero, the progressive 
scan stat is tested. 

4. If the progressive scan stat is on, the word 
following the diagnose instruction is fetched from 
main storage and used as a linkage control word. 
Bits 19-30 of this word are put into ROAR. At the 
same time, bits 0-2 are put into the sequence 
counter, bit 4 is put into the supervisory enable 
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storage stat, bits 5 and 6 are put into the progres
sive scan stat and the supervisory stat, and bit 7 
is put into the I/O mode stat. ROS begins executing 
microinstructions starting at the address put into 
ROAR, and step 3 is repeated. This sequence can 
be extended any number of storage words, allowing 
the programmer to execute any number of ROS 
words in any desired order. This is the case in 
progressive scan. 

Selector Channel Operating Procedure Example 

The selector channel operating procedure can be 
summarized as follows: 
. 1. Run all tests, printing either T(for terminate) 

or fail. 
2. Run all tests again and print out the results 

of the error logout for each routine and load the next 
routine. When this is finished, by looking at the 
failing tests you can determine which test to loop on 
and then 

3. Loop on the selected failing routine, bypass
ing error printouts to allow scoping. 

Note: The complete progressive scan operating 
procedure for the selector channel is on page 
MCOOO-01, in Volume 1 Reference of Systems 
Diagrams. 

Selector Channel Test Documentation 

Figure 49 shows the type of printout supplied by the 
selector channel progressive sc~n tests. A test 
failure in either or both the common channel and 
selector channel is printed out. From this printout, 
the following information may be obtained: 

1. Test number - Example: 1921-14. 
2. Test name - Indicates what operation is being 

performed; for example, IF Control Ck-Op In Test. 
3. Test cycle - Defines the point in operation at 

which the failure occurred; for example, Unit Select 
Drop Op In. 

4. Sync pOint - ROS address for syncing; for 
example, ROS FC5. 

5. Loop number - Tells the number of times 
the test was run before a failure occurred; for ex
ample, 00. 

6. Diagnose address - Address to use to loop on 
the failing test for scoping. This is accomplished 
by setting IC to the diagnose address and using the 
repeat IAR switch; for example, 1FD8. 



SELECl OPTIONS IN 5010 AND INTE:R[!UPT. 

01 

06 

07 

08 

OA 

OD 

12 

TT 

OY ----

OY XXXX 

OY XXXX 

OY ----

OY XXXX 

OY----

OY XXXX 

EOOI 

PRINT T OR FAIL FOR EACH RTNE. 

PRINT FIRST ERROR OF EACH RTNE. 

LOOP ON RTNE XXXX. 

PRINT T OR FAIL FOR EACH RTNE. 

LOOP ON RTNE XXXX. 

SUPPRESS T PRINTING. 

SUPPRESS T PRINTING. 

LOOP ON RTI-..JE XXXX. 

LIST FAILING RTNES. 

LOOP ON TEST TT OF ROUTINE XXXX. 

SDR CONTAINS ADDRESS OF DIAGNOSE 

INSTRUCTION FOR LOOPING. 

[9J.L-- _____ ~ indicates hardcore 

E021 

COOl 

(101 C indicates common ch(Jnnel c.. ... ___ . ____ _ 

Clll 

COli 

T C121 

1000 

1011 

1021 

T ~2-:...~----..::..S.::..:er~ie.:..:s 
T 1031 

1032 

110I4--________ ~R~ou~t~in~e 

T 1102 

1903 
,It 'A .; 'k" ',l "A Ir ~ * * -A"" -A. -;-.,\ j... * oJr * * -I: i:'k"* *? -J A; k -;. * * * * ,,".J,. -j,,' *'J,: *.J 1<. oj .... J , •• 

(XXXX) (TT) 

Starage location 5010 ' WWOYXXXX 

WW refers to MCxxx pages in Volume 1 of ALD Maintenance Diagrams 
Y denotes channel number: 

01 = channel 1 
10 ~ channel 2 
11 c channel 3 

XXXX denotes series and routine 

Storage location 5014 " TT (if EC 255458 ar abave) 

TT denotes test number 

TEST NUMBER !lill-lITI:'--;EST I-..JAME IF CONTROL CK-OP IN TEST 

TIME CYCLE Unit-Select-Drop-OP IN 

SYNC POINT ROS FC5 ~(Number of successful times through the test loop.) 

LOOP NUMBER fQQI Diagnose Adr 11 FD81-(Address to be placed in address keys to loop on this test. 

1ST CHARACTER INDICATES GOOD PATTERN IAR r.epeat k~y must be use~ to loop. 

l 1 Caution: ThiS test must be In core. \ 
CHANNEL 1 IS SELEClED IN 5011 
I GG131 AC4 24 CH CHK SIM (What the result should have been) 

1 GEl01AM4 30 CH CK IF CL __ (Example 1) 

1 GA131 AP4 29 CC PH A SPO NOTE- Refers to a position in one of the selector channel indicator rows (1-6). 
o GB181AG4 02 PREG UNIT SEL -- Note that positions 28-31 indicate one of two possible bit positions. 

o 

o 
o 
o 

GB181AT4 

GA131AT2 

GB151AG4 

GB101AC4 

GVlllAJ4 

GS111AJ4 

GR101A04 

GRl01AD4 

05 

09 

17 

21 

19 

31 

21 

23 

PREG END UP 

CC PHASA ST2 • 
REO R PRI3-(Bii' description) 

REO REG 3 

STOP REL 

ENBLSTAT IN 

OP iN TEST 

SEL OUT 

1 IGB1711 AV4 ~ POS REG TRF -(Example 2) 

Foil 1921\ \ LSi, po';';an .e. NOTE) 
Net (bl"ck AV line 4) 

ALD page number 

FIGURE 49. PROGRESSIVE SCAN PRINTOUT (SEL CH) 

Example 1 (position 30) indicates the actual bit position (30) 
on roller row 3, 

(position 28) indicates the parity bit position for 
0-7 on roller row 5. 

To find the indicated bit you must compare the description with 
the selector channel roller charts. The parity positions that ore 
now shown as 28-31 will soon be shown as positions 32-35 to 
eliminate this condition. 

The error printout portion (1921-14) indicates an interface control check 
failure. Using the selector channel IF control check poge (E141l-0l), 
or the analysis poge (E1321-01) in Volume 1 of ALD Maintenance 
Diagrams, the failure can be quickly diagnosed. 

To see if an indicator is on while looping IAR on the diagnose address, 
raise the repeat IAR switch and look at roller position. Lower 
switch to resume looping, 
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Selector Scan Monitor 

Locations of information within the selector scan 
monitor are as follows: 

Main Storage 
Location 

5FOO 
5F04 
5F08 
5FOC 
6FOO-OE 
6FOI-OB 
6F02-09 

Local Storage 
GP Register 

00 

09 

10 

11 

Main Storage 
Location 

66D3 

66D7 

EC Level 255458 and Above 

Diagnose address of current instruction. 
Current test number. 
Diagnose address of previous instruction. 
Previous test number. 
Output printer addresses. If none on your 
system, store proper address in 6F03. 
That is, 6F03-xx (active device). 

EC Levels Below 255458 

Bits 22 and 23 determine which selector 
channel is in operation 
Add one to contents of this reg to get number 
of ti mes test was executed (including failure). 
May be diagnose address (current) if between 
1000 and 4000. Anything outside of this range 
is useless. 
Contains the main storage address of the last 
test number executed. 

Address of output device. Normally OOE and 
must be changed if this is not your printer 
address. 
Typewriter address. Normally 009. 

To call next record from tape or disk, press reset PB and 
then load PB (if then in manual state, press start PB). 

Multiplexor Channel Tape or Disk 

The tests for the multiplexor channel appear in the 
following sequence: 

1. Hardcore -- These tests check the hardware 
needed for running progressive scan tests on the 
multiplexor channel. 

2. Common Channel -- These tests check out 
the hardware in the common channel needed for 
multiplexor channel operations. 

3. Hardcore Check of I/O Stats, Buffer 1, and 
Buffer 2. 

4. Multiplexor Channel Tests -- These tests 
exercise the external multiplexor channel. 

The tests are arranged so that the greatest 
coverage occurs in the first few series. 

The first record on tape contains the multiplexor 
channel progressive scan control and display pro
gram. This program compares the logout with a 
known good logout pattern for each test and displays 
in indicators the information needed for trouble
shooting when a failure is detected. 
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Multiplexor Channel Operating Procedure 

The complete progressive scan operating procedure 
for the multiplexor channel is on page MCOOO-02 in 
Volume 1 of the ALD Maintenance Diagrams. 

Multiplexor Channel Test Documentation 

Hardcore and functional test documentation will take 
the form of flow charts and timing charts describing 
the series and the log pOints. These documents are 
in Volume 1 of the ALD Maintenance Diagrams. 

DIAGNOSTIC PROGRAMS 

Figure 50 is a list of Model 50 diagnostics. Each 
diagnostic is described in the documentation gener
ated for it. Standard documentation for diagnostic 
programs consists of five major sections. 

1. Purpose 
2. Prerequisites 
3. Use procedure 
4. Printouts 
5. Comments 
Note: Disable ROS retry by jumpering OlC

E3C4Dll to a DOB pin before running or biasing 
FLT's, diagnostics, or progressive scan. 

MIDAS replaces diagnostic programs F101X 
through FIF6X. 

MIDAS Sense Switches 

~ Usage Number Usage 

0 Inhibit isolation 12 
1 Lock CPU high 13 
2 Lock CPU low 14 
3-4 Unassigned 15 
5-7 1I0lation No. 0-7 16-17 
8 Isolate 18 
9 Unassigned 

10 Loop isolation No. 19 
in 5-7 20-31 

11 Terminate 

MIDAS Display Codes 

~ 
Program intelTUpt 
Program intelTUpt 
SVC intelTUpt 
Machine check 

Machine check 
External intelTUpt 

Test loader device 
Unassigned 
End report period 
Extend report period 
Device control 
Alter output device ad-

dress 
Unassigned 
Uni t address 

Wait Codes 

IAR Display 

AAAAAA 
FFFFFF 
CCCCCC 
999999 
OOOA9A 
OOOC14 
00000o Input device failure on initial load 



Marginal Voltages 

Progrcwn Program Normal 
Ch CPU Local Storage Main Storage Storage Protpcl 

Section Description Voltage 6Ml 6M2 6TC 6VAR 56 XV 60Z Vsl Vref 
Number +6.0v +6.0v Opt Opt Opt Opt Opt 1.4v 

+0.5" +0.5" ±5% ±5% ±4.5% ±4.5% ±6% ± 10% 
-0.5v -0.5v 

r----- --c-- -- ---
MIDAS CPU Teus 1 Pass 1 Pass 

5340X Diagnose and 1 Pall 1 Pass 
5341 X Error Circuits 
5342 X 

E381X 60 Cye Ie Int Timing 1 Pass 1 Pass 

E383X 50 Cycle Int Timing 1 Pass 1 Pass 

F38FX Meter Timing 1 Pass 1 Pass 

5391X thru Main Storage I Pass I Poss 1 Pass 
5397X Tests 
5066 

- --
53C1X Local Storage 2 Min 2 Min 2 Min 

53C4X Bump Storage 2 Min 2 Min 2 Min 

E3C9X Storage Protect 2 Min 2 Min 2 Min 2 Min 
-- - -----

E421 X thru Mpx Channel 1 Pass 1 Pass 
E426X Using 1442 

- - ----- -~--
E428X thr ... Mpx Channel 1 Pass 1 Pass 
E42BX Using 2540 

--
E441X thru S .. I Channel 1 Pass 1 Pass 
E446X Using 2400 

Each Channel 

--1------- ~------- ------- --~-

F4DOX Channel-to 1 Pass 1 Pass 
F4D1X Ch"nnel F .. ature 
-- -- -------

F4El X Direct 1 Pass 1 Pass 
F4E2X Control 

--- -----
5F01X 1410 Emulator 1 Pass 1 Pass 
5F02X Instrue tions 

r--sFCi3X- 1410 Emulator 1 Pass 1 Pass 
--1--------- -- -----

5F04X Ch Translators 
---1-------

5F21X 7074 Emulator I Pass 1 Pass 
5F23X thru Instructions 
5F2AX 

5350 ROS Ripple 1 Pass 1 Pass at limits of -12 ROS voltage 

FIGURE 51). MODEL 50 DIAGNOSTICS 

Flashing Lights 

AAAAAA and 555555 in IAR alternating every four 
seconds indicates output device not ready. 

FFOOOO and OOFFFF in IAR alternating every sec
ond indicates crisis. 

MARGINAL CHECKING 

Marginal checking is a technique used to detect the 
marginal operation of the most voltage-sensitive 
circuits in the system. These circuits have nominal 
levels of voltage and current at which they are de
signed to function. Each circuit operates within 

certain margins (regulator output voltage limits 
above and below the nominal rating). However, 
aging and other factors cause a gradual deteriora
tion in the operating characteristics of the circuits. 
By raising and lowering the regulator output voltage 
within the design margins, it is possible to inspect 
all the circuits powered by that voltage. On the 
basis of this inspection, any circuit approaching a 
failure condition may be replaced. This type of 
check is made periodically as a preventive-mainte
nance technique. Marginal checking is useful also as 
an aid in locating operator-reported failures. 
Costly down time and many trouble calls can be 
a voided by using marginal checking to make failures 
less intermittent and more recognizable. 
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Nominal Voltages 

The following regulators and their nominal outputs 
can be marginally checked: 

Regulator Nominal Output 

+6 TC 
1 +6 VAR 
12 -12 ROS 
3 +6 Ml 
4 +6 M2 
14 +56 XYI 
15 +60 Zl 
16 +56 XY2 
17 -+60 Z2 

Marginal Voltage Limits 

The system control panel meter is color banded to 
show the marginal voltage limits. The actual mar
ginal voltage limits are dependent on the results 
obtained by running shmoo-curves. The following 
are the specified operating limits. 

Regulator 

1 (+6 TC) 
1 (+6 VAR) 
12 (-12 ROS) 

3 (+6 Ml)} 
4 (+6 M2) 

14 (+56 XYl) } 
15 (+60 ZI) 
16 (+56 XY2) 
17 (+60 Z2) 

Voltage Limits 
for Testing 

±5% of the optimum local storage setting 
±5% of the optimum local storage setting 
±2 volts of the optimum ROS setting 

:!::.5 volt 

±4 1/2% of the optimum main storage setting 

~ Storage drivers may be damaged if these voltages exceed 
+68 volts. 

Marginal Checking Procedure 

All marginal checking controls and indicators are 
mounted on the system control panel. Each control 
has an indicator which is activated whenever the 
margin control is adjusted from its nominal level. 
Each control varies the output of one regulator. 
The independent control of each regulator allows 
several inputs to the same circuit to change at any 
one time. The marginal voltage select switch de
termines which voltage is monitored by the meter. 

ERROR CHECKING 

Identification 

All units of the Model 50 are identified, grouped, 
and provided with a hardware-checking scheme that 
detects errors at the unit, indicates them at the 
system control panel, and identifies them as to unit 
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(for instance, power and overload senSing, cooling, 
data flow, address checking, channel errors, etc.). 
I/O errors occurring in a device or a control unit 
are not included except for their effects on the 
channels. Each CPU failure detection device has a 
unique indication in the error register. 

Failure Detection Facilities 

The data flow of the CPU is checked in eight-bit 
bytes. Control information is checked in bytes of 
varying length. 

Power and Cooling Failure Detection 

Power and overload failures are indicated by lights 
on the maintenance console. The specific unit at 
fault is indicated by a tripped circuit breaker or 
light in the power distribution unit (PDU). 

Thermal failures (cooling) are indicated on the 
maintenance console by lights, one for each frame 
(CPU, storage, PDU). 

CPU Parity CheCKing 

The adder is parity checked and three levels of 
failure detection are provided: half-sum check, 
carry check, and full-sum check (adder output latch 
check). 

A half-sum check indicates either incorrect 
parity on data entering the adder or a failure in the 
adder half-sum generation circuitry. The carry 
check indicates a failure in the carry lookahead cir
cuitry. Full-sum checking, which is performed on 
the adder output latches, checks that correct parity 
has been generated for the developed sum, or that 
data entering the adder output latches from an ex
ternal source (data keys, address keys, selector 
channel, etc.) has correct parity. 

Because the adder is located in the data path be
tween any two registers, it is used as the primary 
failure detection device for all register-to-register 
transfers. The adder output latch check also pro
vides the checking for all transfers to and from main 
storage. 

The mover is parity checked at both inputs as 
well as its output. 

The three main groups of bits emerging from 
HOS are parity checked. Length counters Gl and 
G2, the Land M byte counters, and the MD counter 
are also parity checked. Control failures which are 
not covered by error detection circuitry, in general, 
cause data errors. For instance, a failure of the 
adder ingates would result in an invalid no-bit sum 
in the adder output latches. 

SAR is also parity checked. 



Timing Considerations 

With the exception of the carry, mover output, and 
full-sum checks, all CPU failures cause the machine 
status to be frozen the cycle in which the error is 
detected. This is done by stopping the clock in time 
to prevent the set register pulse of the next cycle, 
thereby blocking the register in gating and preserv
ing the contents of all registers. 

The carry, mover output, and full-sum checks, 
however, are detected too late in the CPU cycle to 
block the next set register pulse. As a result, the 
clock is stopped one cycle later than the cycle in 
which the error is detected. In this case, the ad
dress of the microinstruction that was controlling 
the machine during the actual error cycle (previous 
ROS address) is available in a ROS address backup 
register. With this address available it is possible 
to "backup" to the previous cycle for error analysis. 

Check Register 

Each parity check circuit sets a unique bit in the 
check register. The table below shows the bit 
assignment for each position of the check register. 

Bit 0 

Bit 1 
Bit 2 
Bit 3 
Bit 4 
Bit 5 
Bit 6 
Bit 7 
Bit 8 
Bit 9 
Bit 10 
Bit 11 
Bit 12 
Bit 13 
Bit 14 
Bit 15 
Bit 16 
Bit 17 
Bit 18 
Bit 19 
Bit 20 
Bit 21 
Bit 22 
Bit ~3 
Bit 24 
Bit 25 
Bit 26 
Bit 27-31 

Half-Sum 0-7 
Half-Sum 8-15 
Half-Sum 16-23 
Half-Sum 24-31 
Sum 0-7 
Sum 8-15 
Sum 16-23 
Sum 24-31 
Carry 
L Byte Counter 
M Byte Counter 
MD Counter 
Length Counter (G1) 
Length Counter (G2) 
Mover Left Input 
Mover Right Input 
Mover Output 
Unused 
Storage Address Register 8-15 
Storage Address Register 16-23 
Storage Address Register 24-31 
ROS 1-30 
ROS 32-55 
ROS 57-89 
Storage Protect 
Reserved for LCS Summary Check 
Log Request 
Reserved for Expansion 

Bit 26 is turned on by the logout key or by the 
channel requesting an error logout. It may not 
represent an actual CPU error. 

The error register is displayed on the system 
control panel and is included in the logout informa
tion. It can be reset by the check reset or system 
reset pushbuttons or by the diagnose instruction. 

It is automatically reset at the conclusion of an error 
logout immediately prior to the machine check 
interrupt. 

Multiplexor and Selector Channel Parity Checking 

The multiplexor and selector channel data flow and 
addressing are parity checked on the following data 
paths and registers: 

Control Checks 

Byte Counter Parity 
Address Out Parity 
Operation Parity 
Routine Response 
Routine Positional 
End Control Validity 

Interface Checks 

Multiple Tags 
Address In Parity 
Address Compare 
Status Parity 
Time-out 

In addition, the following" CPU failure detection 
circuits are active: SAR, mover, adder, and ROS. 

Data entering or leaving the interface is parity 
checked as is all data transferred between the chan
nel and CPU (adder full-sum check). Detected data 
errors are not propagated into storage on read op
erations; data is cycled through the adder to correct 
the parity before it is stored (disable mode), or an 
error logout and machine check interrupt occur 
(process mode). 

I/O Errors 

I/O errors are handled by laCS. No I/O error 
i.ndicators are displayed on the maintenance console. 

Main Storage Parity Checlti.ng 

All main storage checking is performed in CPU. 
The adder output latches provide parity checking for 
all transfers to and from storage, because they are 
located in the data path between the storage data 
register (SDR) and the CPU working registers. The 
storage address register (SAR) is also parity 
checked. 

The following data error handling rules apply 
during Model 50 storage operations: 

1. On a fetch operation. data set into SDR and 
regenerated without being transferred into CPU is 
not checked. Checking occurs only when the word 
is transferred through the adder output latches into 
one of the CPU working registers. An error de
tected in this word sets the error register whether 
it is in an addressed byte or not. 

2. During a store operation, data from CPU is 
checked on a full word basis even though only a 
portion of the word may be set into SDR. An error 
detected in this word sets the error register 
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whether it is in the addressed byte or not. Depend
ing upon when the error is detected, three different 
actions occur with respect to SDR: 

a. If the error is detected as SDR is being set 
(latch check), the data is stored uncorrected. 

b. If the error is detected as the data to be 
stored is passing through the adder (half
sum check), SDR does not set to the data and 
zeros are stored instead. The bytes of SDR 

78 (3/71) Model SO FFMM 

which were to be replaced with data from 
CPU will have been reset. 

c. If the error is detected after storage selec
tion but in the cycle prior to the cycle in 
which SDR is set, the store operation is con
verted to a fetch and the data is regenerated 
without checking. 

3. No checking is performed on data read from 
the cores during a store operation. 



A preventive maintenance schedule for the Model 50 
is shown on Figure 51. The asterisked items indi
cate the frequency that should be used for the first 
six months of system operation. Because component 
failures are more frequent during the first six months 
of operation, frequent preventive maintenance will 
minimize unscheduled maintenance during that period. 

Preventive maintenance should be performed at a 
critical time, such as the first thing Monday morning 
or immediately after power has been down for an 
extended period. 

Lamp Test 

Use the lamp te st switch on the maintenance panel to 
test and replace all defective lamps. Marginal voltage, 
frame thermal, open CB, and power check lamps are 

PREVENTIVE MAINTENANCE 

not tested by the test switch, but should be checked by 
substitution or by duplicating the situatiol1 that would 
ca.use the lamp to indicate. The lamps are pluggable 
and can be replaced from the front of the pannel. Use 
CE tool #461420 for removing lamp assemblies. 

Diagnostics 

Run all diagnostics (CPU and channel multiprograms 
using all multiplexor and selector channels avail
able in order to get a maximum configuration in 
overlapped operation). 

For biasing, vary the marginal check voltages 
per the marginal check specifications before running 
the diagnostics. Test for both upper and lower 
marginal check limits while running the diagnostics. 
Figure 50 is a listing of Model 50 diagnostics. 

IF ''''olioHoo 
- ~ 

I !I 
Frequency ('vVeeks) 

Unit Item 
1 2 4 8 13 26 52 

CPU Lamp Test (Page 79) 
Run Diagnostics and FLTls (Page 74) 
Bios Diagnostics and FL Tis (Page 74) 

CPU and Channel Run CPU and Channel Control Multiprogram 
Bias CPU and Channel Control Multipragram 

Channel Run Diagnostics (Page 74) 
Bios Progressive Scan (Page 74) 

Main Storage Run Diagnostics (Page 74) 
{Includes Bump Bias Diagnostics** (Page 84) 
and Storage Protect) 

Local Storage Run Diagnostics (Page 74) 
Bias Diagnostics** (Page 76) 
Check Array Temperature (Page 92) 

ROS - Retry Check Timing (Page 95) 

Power System Make Visual Checks 

Miscellaneous Check Filters/Screens 
Check Fans/Blowers 
Check Usage Meter 

*Denotes frequency during first six months of operation. 
(A diagnostic I isting is shown on Figure 50.) 

X * X 
X * 
X 

X * 
X 

X * 
X * 

X * 
X * 

X * 
X * 
X 

X 

X 

X X 
X 
X 

**Biasing in these cases means checking operation at the four corners of the shmoo plot limits; 
that is, the corners of the rectangle in local storage and the corners of the rectangle in main 
storage whose sides art! at least 4.5% (of the operating point voltages) oway from the operating 
point. 

FIGURE 51. MODEL 50 PREVENTIVE MAINTENANCE SCHEDULE 

X 
X 

X 
* X 

X 
X 

X 
X 

X 
X 

X 

X 

X 

X 
X 
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SERVICE CHECKS. ADJUSTMENT AND REMOVAL PROCEDURES 

CPU AND CHANNEL SERVICE CHECKS 

Wa veform Measurements 

All waveform measurements for the 2050 Process
ing Unit are made to the following specifications 
(Figure 52): 

1. The rise time of a pulse is the time required 
for the transition from O. 3 volts to 1. 8 volts as the 
pulse is going in a positive direction. 

2. The fall time of a pulse is the time required 
for the transition from 1. 8 volts to O. 3 volts as the 
pulse is going in a negative direction. 

3. The width of a pulse is measured from the 
1. 0 volt point at the beginning of the transition on 
the leading edge to the 1.0 volt point at the begin
ning of the transition of the trailing edge. 

4. The delay between pulses is measured from 
the 1. 0 volt pOint at the beginning of the transition 
of the leading edge of the first pulse to the same 
point on the next pulse. 

2050 Clock 

The 2050 clock consists of a 4-megacycle oscillator, 
which is frequency divided to 2 megacycles, and a 
number of circuit delays which can be adjusted. 
Oscillator pulses are shaped, delayed, and powered 
to meet all system requirements. 

I All 2050 clock timings are on ALD AAOOO in 
Volume 1 of the ALD's. 

____ T_d_-t-J -- -- - ,,1 .Ov 

FIGURE 52. WAVEFORM MEASUREMENTS 
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MAIN STORAGE (MS) SERVICE CHECKS 

Storage Test 

A rotary switch on the panel selects one of four test 
patterns to be applied to main storage. When the 
rotary switch is in the fifth position (process), the 
test light is off (in the operator control section). The 
four test positions are: 

1. All ones 
2. All zeros 
3. Worst pattern 
4. Reverse worst pattern 
To operate the storage test: 
1. Set the rotary switch to one of the four de

sired positions. 
2. Press the start pushbutton. 
3. Set the write lever switch down to write the 

desired pattern into storage. When the write lever 
is down, SDR contains all ones regardless of the 
position of the rotary switch. 

4. Return the write lever switch to its normal 
position to read/regen storage. 

5. With the stop on check lever down, IAR con
tains the address of the error word. Each depres
sion of the start pushbutton resumes storage scanI ning until the next error word is detected. 

Main Storage Test Points 

Figure 53 shows important test points for the main 
storage unit. 

T = Rise Ti me 
Tf = Fall Time 
Tw = Pulse Width 
Td = Delay 



Bit A Segment B Segment C Segment 

0 BIL2 B3/84 BIK2 B3/B4 Bl L4 B3/84 
1 BI L2 D5/D6 BIK2 D5/D6 Bl L4.D5/06 
2 BI L2 B8/B9 BI K2 B8/B9 BI L4 B8/89 
3 BI L2 BIO/OIO BIK2 BIO/OIO Bl L4 BIO/OIO 
4 BIJ2 B3/B4 BI H2 B3L84 B1H4 B3/84 
5 81J2 D5/06 BIH205/06 BIH405/06 
6 81J2 B8/89 81H288/B9 BIH4 B8/B9 
7 BIJ2 BIO/OIO 81H2810/OI0 81 H4 810/010 
8 BI G2 83/84 81 F2 B3/84 BI F4 83/84 
9 BI G2 05/06 81 F2 05/06 81 F4 05/06 

10 81 G2 B8/B9 81 F2 B8/89 BI F4 B8/89 
II BI G2 BIO/OIO B I F2 B 10/0 1 0 BIF4810/010 
12 BIE2 B3/84 8102 B3/84 Bl04 B3/84 
13 B1E2 D5/06 BI0205/06 BI0405/06 
14 BIE2 B8/B9 BI02 B8/B9 BI04 B8/B9 

r-rs" BIE2 BIO/OIO B102 BIO/OIO BI04 BIO/OIO 
16 BI B2 B3/84 AIM2 B3/84 BI84 B3/84 
17 81 B2 05/06 AIM205/06 BIB405/06 
18 BI B2 B8/89 AIM2 B8/89 BI84 B8/B9 
19 BIB2 BIO/DIO A1M2 BIOLDIO 8184 Bl0/Dl0 
20 Al L2 B3/84 AIK2 B3/B4 AIL4 B3/84 
21 Al L2 D5/06 Al K2 D5/06 Al L4 D5/06 
22 Al L2 B8/89 Al K2 B8/89 Al L4 88/89 
23 Al L2 BIO/DIO AIK2810/OI0 A1L4 BIO/OIO 
24 A I H2 83/B4 Al G2 B3/84 AIJ4 B3/84 
25 Al H2 05/06 Al G2 05/b6 AIJ405/b6 
26 Al H2 B8/89 Al G2 88/B9 AIJ488/89 
27 AIH2810/010 Al G2 Bl0/OI0 A1J4810/010 
28 Al F2 83/B4 Al E2 83/84 AIG4 B3/84 
29 A1F205L06 A1E205/06 AIG405&6 
~" Al F2 B8/B9 AIE2 88/B9 Al G4 B8/89 

31 AIF2 BID/OlD AIE2 BIO/DIO Al G4 BIO/OIO 
P 0-7 Al02 B3/84 AIC2 B3/84 A104 B3/84 
P 8-15 AI0205/06 AIC205/06 AI0405/06 
P 16-23 A 102 B8/B9 AIC2 B8/B9 ' Al04 B8/B9 
P 24-31 AI02 BID/OlD AIC2 Bl0/Ol0 AI04 BIO/Ol0 

FIGURE 53. MAIN STORAGE TEST POINTS 

Main Storage Addressing 

Figure 54 shows the inputs and functions of SAR for 
both main and bump storage addressing. 

Main Storage Temperature and Humidity 

The operating temperature for the main storage 
unit must be between 600 and 90 0 F, and the relative 
humidity must be between 20% and 80% with a maxi
mum wet bulb temperature of 78 0 F. There can be 
only a two-degree maximum difference in the tem
perature between two arrays of one main storage 
unit. 

Main Storage Power Information 

The +60 volt XY and Z supplies are manually vari
able between 48 and 68 volts and are temperature
compensated. 

Sense-
D Segment Gate Pin M9A Amp Final Final 

Strobe Pin M9 Output Amp In Am;:; Out 

B1K4 B3/84 BI2 B7 B1J4 Gl0 31J4 G12 
BI K4 D5/06 BI3 07 B1J4 G9 B1J4 JI2 
BI K4 B8/B9 012 G2 B1J4 G3 B1J402 
BIK4 BIO/OIO G4 013 BIJ4 G2 B 1J4 J05 
BI G4 B3/84 BI2 B7 BIJ4 J2 B 1J4 J4 
81 G4 05/06 BI3 07 B1J4013 B 1J4 B9 
81 G4 B8/89 012 G2 81J4 B5 BIJ4 B2 
81 G4 810/010 G4 013 BIJ407 BIJ4 OIl 
81 E4 B3/84 BI2 B7 BIJ4 J9 BIJ4 GI3 
81 E4 05/06 BI3 07 BIC2 GIO BIC2 G12 
81 E4 B8/B9 012 G2 B1C2 G9 BlC2 JI2 
Blf4 BIO/OIO G4 013 B1C2 G3 81C202 
BIC4 B3/84 B12 B7 BIC2 G2 BlC2 J5 
BIC405/06 BI3 07 BIC2 J2 BlC2 J4 
BIC4 B8/B9 012 G2 BIC2 D13 8lC2 B9 
BIC4 BIO/OIO G4 013 BIC2 B5 BIC2 B2 
AIM4 B3/84 012 B7 BIC207 RIC2 OIl 
AIM405/06 BI3 07 8lC2 J9 BIC2 GI3 
AIM4 B8/B9 012 G2 A1J2 GIO AlJ2 GI2 
AIM4 BID/OlD G4 DI3 AlJ2 G9 AI.~ 
Al K4 B3/84 BI2 B7 AIJ2 G3 AIJ2 D2 
AIK4 D5/06 BI3 D7 AlJ2 G2 AlJ2 J05 
Al K4 B8/89 DI2 G2 AIJ2 J2 AIJ2 J4 
Al K4 8 I OlD 1 0 G4 013 AlJ2 D13 AIJ2 B9 
Al H4 B3/84 BI2 B7 A lJ2 B5 A1J2 B2 
AIH405/b6 BI3 07 A1J2 07 A1J2 OIl 
AIH4 B8/89 DI2 G2 AIJ2 J9 AIJ2 GI3 
AIH4 Bl0/010 G4 013 A1E4 Gl0 AIE4 GI2 
Al F4 B3/84 B12 B7 AIE4 G9 AlE4 JI2 
Al F4 05/D6 B13 D7 AIE4 G3 Al E4 02 
A I F4 88/B9 012 G2 AIE4 G2 Al E4 J5 
A I F4 B I % I 0 G4 013 AIE4 J2 AIE4 J4 
AIC4 B3/84 812 B7 A IE4 013 AIE4 B9 
A1C405/D6 BI3 07 Al E4 85 AIE4 B2 
AIC4 B8/89 DI2 G2 Al E4 07 AIE4 OIl 
AIC4 BIO/Ol0 G4 013 AIE4 J9 AIE4 GI3 

Measure dc voltages at the logic cards under 
dynamic conditions. All voltages have a ±2% 
tolerance. 

Over- Under-
voltage voltage TB-1 Wire 

Voltage Amps Setting Setting Pins Color ~ 

-3.0 12.0 -4.5 1,15 Yellow Logic 
+3.0 5.0 +4.5 2,13 Grey Logic 
+6.0 12.0 +9.0 5.2 3,11 Orange Logic 
+18.0 4.5 +22.0 9 White Special 
+60.0XY 2.0 +68.0 5 Red Tracked 
+60.02 8.0 +68.0 7 Blue Tracked 

Upon sensing an under voltage on the +6.0 volt 
supply, the unit should stop cycling within 20 milli
seconds and drop power. 
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FIGURE 54. MAIN AND BUMP STORAGE ADDRESSING 

Exercise Bump Storage 

To exercise the bump storage portion of main stor
age, tie 01A-BIH7B12 (SAR B Bit) to ground before 
running any main storage diagnostic. 

Continually Address One MS Location 

To address a single main storage location continually, 
the following ROS routine 202 (QWl1l) may be used: 

1. Set IC to the selected address. 
2. Place ROS repeat switch in down position. 
3. Set data keys to ROS routine 202, and press 

sta rt pushbutton. 

Scan MS for Bad Parity 

A simple program for a full storage scan, checking 
for bad parity, follows: 

Location 0 - 00000000 
Location 4 - 00000008 
Location 8 - 41101004 
Location C - D2041000 
Location 10 - 100047FO 
Location 14 - 00080000 
GP-l should contain hex 18 
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This program will scan storage to the error. 
With the check switch in the stop position, the ma
chine will stop and the failing address will be indi
cated in SAR, SDR will contain the bad data, but the 
storage location will have been changed by the 
program. 

Bit Arrangement of MS Word 

A full word in main storage is arranged as follows: 
Bits 0-7 
Bits 8-15 
Bits 16-23 
Bits 24-31 
Bit 32 
Bit 33 
Bit 34 
Bit 35 

Byte 0 
Byte 1 
Byte 2 
Byte 3 
Parity for byte 0 
Parity for byte 1 
Parity for byte 2 
Parity for byte 3 

Check Strobe of Main Storage 

To check the main storage strobe, use the following 
procedure: 

1. Use pin BIJ4J09 (ALD MC051) in the main 
storage frame as the test point for strobe A. This 
is the bit eight (segment Aor C) pre-amp output. 



2. RWl the "ali ones" test and adjust your scope 
to the same scale as Figure 55. 

3. Make sure the strobe falls 120 ± 10 nanosec
onds prior to the peak of the output signal and then 
rWl a shmoo curve. 

4. If the shmoo curve picks or drops bits before 
it makes the established limits, re-adjust the 5-
nanosecond delay tap to obtain the best shmoo for 
both "all ones" and "all zeros." 

5. Realize that if the strobe is set near point b 
(Figure 55) the tendency is to pick bits and if the 
strobe is set near point c, the tendency is to drop 
bits. 

6. For strobe B use pin B1C2J09 (ALD MC081) 
as a test point and repeat steps 2-5. 

FIGURE 55. MAIN STORAGE STROBE 

Approx 
1.6v 

Checking MS Drivers and Terminating Diodes 

Much time is lost in machine storage areas in ob
serving waveforms with a voltage probe. Remember 
that a line with little or no current on it will appear 
the same as a good line if you use a voltage probe. 
If you suspect blown drivers or terminating diodes, 
use a current probe. 

1. Drop dc power on the machine. 
2. Locate the card whose outputs you want to 

scope and extend it with a card extender. 
3. On the extender, locate the line you want to 

scope, remove the short jumper wire (Figure 56), 
and replace it with a longer wire. This will give 
you a sufficient loop with which to hang the current 
probe. 

4. Bring up power and observe the pulse. 
5. Always drop dc power when changing or 

removing driver t or the jumper wire on extended 
drivers. 

D 

Pins of 
Extender 

FIGURE 56. CARD EXTENDER JUMPER WIRE 

Delay Line Clock 

Longer Wire 
for Current 
Probes 

Timings take!) from the AlC6 delay line (Figure 57) 
are used to set timing latches. Timings from the 
A1F6 delay line are used to reset timing latches. 
Changing the set master reset timing on the A1C6 
card also changes all timings taken from the A1F6 
card. Timings from the A1B6 delay line are used to 
set the strobe turn-ons. 

+ Allow Sel 
+ Gate Sel 
+ Storage Sel ~ __ -' 

MAOll 

Delay 
Line 
Dvr 

MA021 

A1C6 
Delay 
Line 

Reset Master Request 

Set Master Reset 

25 ns 
Taps 

Delay 
b----I Line 

Delay 
Line 
Dvr 

MA031 

Dvr 

MA021 

A 1F6 
Delay 
Line 

FIGURE 57. DELAY LINE CLOCK 

A 1B6 
Delay 
Line 

25 ns 
Taps 

13555 

5 ns 
Taps 
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Two singleshots (135 ns and 450 ns) in the clock 
section of the M9/M9A should be checked and adjusted. 
The 450-ns singleshot (A1H6D09) prevents any read 
reset pulse during the first part of a read cycle. If 
the 450-ns singleshot does not fire, check the +18-
volt power supply. 

When scoping main storage, especially the clock 
section, the best place to sync the scope is write 
control at AIH6J07. All timing is with respect to 
plus store select as it appears at AIH6G05. 

X read/write driver timing (AIH6B07) and Y 
read/write driver timing (AIH6J05) should be a 2.5-
to 3. O-volt signal. A pulse of less than 2. 5V de
creases driver current and causes random failures. 
The read-write latch is a 6. O-volt pulse. If zeros 
cannot be read, check to see that strobes A and B 
at AIJ6G12 and AIJ6J04 are present. 

I Delay Line Driver 

In checking the delay line card (4906), be sure that 
the input to the delay line driver 02A-A1C6Dll is a 
positive pulse (Figure 58). The output of the delay 
line driver (02A-A1C6Jll) should be the same as 
the input. 

If the output of the delay line driver (02A-AIC6JII) 
has ghost pulses between the normal pulses, the delay 
line is open and the card should be changed. If there 
is no pulse at 02A-A1 C6J1I on delay line card 
(4906), the delay line driver may be bad. If chang
ing the card does not correct the pulse, there is 
probably something shorting out the delay line (for 
example, a cold flow on one of the yellow timing 
wires). Check the yellow timing wires associated 
with the delay line card to see if any of them are 
pulled tight around a pin and shorting out. The tim
ing chart on ALD Page AA001 should be used if any 
storage timings are changed. 

.~ 

r 
l 

..... - - ... }' 

" V' 

FIGURE 58. INPUT TO DELAY LINE DRIVER 
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I Layout of M9/M9A Plane 

Figure 59 is a block diagram of the M9/M9A read
write drive system. Layout of the planes is in 
Figure 60. 

X drive lines in Figure 60 on pins 6 through 69 
go through all 18 planes to the D2 board on the back 
of the array, jumper down, and come back through 
all 18 planes on pins 228 through 291. X drive lines 
on pins 80 through 143 go through the array to the D2 
board, jumper down, and come back through the 
array on pins 154 through 217. 

Use a current probe when checking the drive 
circuits. Currents should be checked on the gray 
wires to card locations BIM2 and BIG6 on the BSM. 
The X current will be on the -gray wires to pins G03 
and J04. The Y current will be on the gray wires to 
pins D12 and B12. 

+60V 

Read 
Dvr 

Gate 
Decode 

Write 
Dvr 

Cl Boord 

FIGURE 59. M9/M9A DRIVE SYSTEM 

I X Drive Current 

Read Gate 
Transistor 

Write Diode 
Network 

Write Gate 

... 

An example of good X current is shown in Figure 61. 
The read pulse is longer than the write. 



Side 
"0" 

Side "A" 
Pins 65 and 66 
Bump Lines 

P; ns 67- 130 I Pins 1-64 

~AY~es 
130 6766 6564 1 

M9 Seg "A" 

M9 Seg"B" 

M9 Seg "0" 

M9 Seg "C" 

Side "C" 

1 and 3 Sense Li nes 
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} 

Pins 6-69 
X Drive Lines 

69 
72 and 74 Sense 

75 and 77 Sense Lines 

80 } 
Pins 80-143 
X Dri ve Li nes 

143 
146 and 148 Sense 

149 and 151 Sense 

154 } Pins 154-217 

X Drive Lines 

217 
220 and 2~2 Sense Lines 

223 and 225 Sense 

228 } Pins 228-291 

X Drive Lines 

291 

294 and 296 Sense Li nes 

FIGURE 60. PHYSICAL LAYOUT OF M9/M9A PLANES 
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FIGURE 61. X DRIVE CURRENT 

Y Drive Current 

• An example of good Y current is shown in Figure 62. 
The read and write pulses have about the same dura
tion. Read will have a larger stagger between the 
terminator gate turn-on and current turn-on. 

FIGURE 62. Y DRIVE CURRENT 

Shorted X Drive Line 

Figure 63 is a current indication of two drive lines 
shorted together. In Figures 63 and 64, where all 
of storage is cycled, the trace will be very light. 
These traces were taken while cycling 1/4 of storage. 

I 
Short 

.I. .'-
rr I.00I::_ .... II " 0 1 ) h 

A if ~ - rv ~. .,.. :v .... ... 

FIGURE 63. SHORTED X DRIVE LINE 

Open X Drive Line 

Figure 64 is a current indication of an open drive 
line. To locate a shorted or open drive line on the 
array, loop on the failing address. Using a voltage 
probe, lightly run the tip down the drive lines on the 
array. Approximately a +60-volt level will show on 
all the unselected drive lines. When the selected 
drive line is reached, a voltage drop indication 
occurs. With a short, the voltage indication looks 
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FIGURE 64. OPEN X DRIVE LINE 

like that in Figure 65. With an open, the voltage 
indication resembles that in Figure 66. 

With a short, the indication in Figure 65 appears 
on the line selected and also on the line shorted to it. 
The shorted lines should be adjacent drive lines. 
Once the shorted lines have been isolated, take an 
ohmmeter and walk across the array on the shorted 
lines until the least resistance is reached. When a 
resistance of nearly zero is reached, examine the 
area for the cause of the short. Look for drive line 
pins bent and touching or a metal chip between the 
pins. A chip may wedge under the rubber seal 
between planes. If the shorted lines are not adjacent, 
replace the gate cards (4196) associated with the 
shorted lines (see MD030). 

An example of an open drive line is shown in Figure 
66. To locate an open in the array, use a voltage 
probe and step across the planes of the array on the 
open line. When the open is passed, the indication 
in Figure 66 reverses--positive becomes negative, 
and negative becomes positive. In the area of the 
open, check the drive line welds for secure bonding. 
Remember that the drive lines zigzag across the 
array, and the weld may be on either side of the 
array. If the welds appear to be good, use an ohm
meter to isolate the open. 

r. 

\ r r\ 'TV 
.. r 

\. -.-I. ~ I 
~ -'" 

FIGURE 65. POSSIBLE SHORTED DRIVE LINE 
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FIGURE 66. POSSIBLE OPEN DRIVE LINE 

I Drive Line Shorted to Ground 

A current indication such as that in Figure 67 
usually indicates that a drive line is shorted to 
ground. If the X current is bad, check the inhibit 
resistor assembly on the B-side of the array to 
make sure it is not shorted against the X drive lines. 
Three standoffs are located on the Band D side of 
the array and one standoff on the A and C side be
tween the D1 board and the front frame casting. If 
one or more of the yellow and black wires that go 
to the pins on the array are pinched between the 
standoffs, the indication is like that in Figure 67. 
A shorted limiter on the gate card (4196) can cause 
the same indication. If a gate card might be the 
cause of the trouble, watch the defective current and 
pull the gate cards one at a time. ~ hen the defec
tive gate card is pulled, the current is similar to 
normal current with an open line. 

If one of the orange drive lines from the driver 
card (4904) on the B1 board to the array interface is 
shorted to ground, or if a transistor in the driver 
card (4904) is shorted, the indication resembles that in 
Figure 67. A defective gate clamp card (3583) gives 
a similar indication. 

'r" - r\ "t"':"\ 
I - ~\J 

, 

FIGURE 67. DRIVE LINE SHORTED TO GROUND 



The turn-off of the driver currents should be 
before the terminator gate turn-off. If the current 
is beil;lg turned off by the terminator gate, unwanted 
noise in the array and bit failure may result (Figure 
68). To correct this condition, replace the gate 
cards (4196) or drivers (4904) that have the late 
turn-offs. If the currents have different amplitudes 
(read is twice the amplitude of write, or vice versa) 
a bad gate terminator card (4889) is indicated. 

Late Turn Off 
Gates or Drivers 

/. 1. 
.:..: 7 -= ~ I~ '" { 

-:.I. \'( ~/ .\~ 
~ ~ ~~ 

FIGURE 68. CURRENT TUR;\JED OFF BY TERMINATOR GATE 

Sense Inhibit 

The sense and inhibit circuits use the same blue and 
white lines (Figure 69) from the logic boards, Al 
and Bl, to the array. The resistance of each leg of 
the sense-inhibit line to ground should be about 
7.5 ohms. The resistance between the blue and white 
wires at the output of the sense-inhibit card is about 
15 ohms. A normal inhibit pulse at the output of the 
inhibit driver card is like that ill Figure 70. This 
pulse is the same on either the blue or the white 
wire. 

* M9"'4927 
M9A=8249 

I 
Cl Boord 

FIGURE 69. BLUE-WHITE SENSE LINES, SENSE INHIBIT 
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FIGURE 70. INHIBIT PULSE 

When an open occurs in either leg of the sense
inhibit lines, the output of the inhibit driver is like 
that in Figure 71. Check continuity of the blue or 
white wire from the sense-inhibit card on the Al or 
Bl board to where the wire welds onto the Bside of 
the array. If continuity to the array is good, check 
the small jumpers on the D -side of the array for the 
plane and segment that is bad, to see if the weld has 
opened up. If the welds on the jumpers are good, 
check the welds on the inhibit bus on the B side of 
the array. 

1\ 

'}' ~ 

J \ ,.,."". 

FIGURE 71. INHIBIT PULSE WITH OPEN LEG 

If a short to ground in either leg of the sense
inhibit line occurs, or if the inhibit driver transistor 
is shorted, the output of the inhibit driver is as 
shown in Figure 72. If a sense-inhibit card has a 
shorted inhibit transistor, that segment may run and 
the other three segments may not run. Replacement 
of the sense-inhibit card for the segment that is 
running usually corrects the problem. If the output 
of the inhibit driver card still resembles Figure 72, 
use an ohmmeter to check the resistance of the blue 
and white lines. If a short to ground exists on the 
blue or white wire, pull the paddle card for that bit 
and segment (see MD020) on the Cl board to isolate 
it to the BSM or array. 
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FIGURE 72. INHIBIT PULSE WITH GROUNDED SENSE 
INHIBIT LINE OR SHORTED INHIBIT DRIVER 

The placement of the strobe turn-on is a control
ling factor in the operation of the M9/M9A. To get 
the strobes in the approximate area of best operation 
look at the output of the sense amplifier card and 
set the strobes so that there is a small porch on the 
leading edge of the pulse (Figure 73). See AAOOO for 
strobe timings of the M9 and M9A. 

. 

. I!o r. 
Porch "- I \ 
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FIGURE 73. OUTPUT OF GOOD SENSE AMPLIFIER (M9 ONLY) 

Storage Waveforms (Voltage Probe) 

Figures 74-76 are waveforms for storage select, 
terminator gate, and X and Y gate decode and X 
write/read drivers. The sync point for these figures 
is plus read AIH6G12 (MA01I). Figures 74-75 were 
taken while rippling storage from the storage test 
switch. Figure 76 was taken while continuously 
addressing one location. Because of phase reversal, 
the figures of Y drive lines have a double trace. A 
good scoping procedure is to scope the yellow wire 
on the X and Y read and write terminators (Figure 
75). Scoping this point detects open, shorted, or 
weak drivers (see Figure 77). 
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X-Read Terminator Gate 
Bl M2G02 (yellow wire) MB091 
0.2us/em; 20v/cm 

X-Write Terminator Gate 
B1M2J02 (yellow wire) MB091 
0.2 us/em; 20v/em 

V-Read Terminator Gate 
B1M2D13 (yellow wire) MB091 
0.2 us/em; 29v/cm 

V-Write Terminator Gate 
B1M2B13 (yellow wire) MB091 
0.2 us/em; 20v/cm 

FIGURE 75. MAIN STORAGE TERMINATOR-WAVE FORMS 

Sense Amplifier Output (M9) 

If no porch is on the leading edge of the pulse 
(Figure 73), the strobe turn-on is too late and should 
be moved earlier. If the porch on the leading edge 
of the pulse is too long (over 60 ns), the strobe turn
on is too early. Setting the strobes using the porch 
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X-Gate Decode-02 Active 

B1M4J07 (MB071) 
0.2 us/cm; 2v/cm 

Y-Gate Decode-02 Active 
B1M6J07 (MB051) 
0.2 us/cm; 2v/cm 

X-Write Driver-03 Active 
B1N4J05 (MB101) 
0.2 us/cm; 2v/cm 

X-Read Driver-02 Active 
Bl N4G02 (MB141) 
0.2 us/cm; 2v/cm 

FIGURE 76. MAIN STORAGE GATE AND DRIVER PATTERNS
WAVEFORMS 

method gives an approximate area of best operation, 
but the final setting should be done by running a 
shmoo and moving the strobes to improve operation. 
The chart in Figure 78 shows the strobe for each 
segment and bit. With the aid of the chart, adjust 
the strobes for best operation. 

M-9 

Seg Strobe A Strobe B 

A-B Bits 9-17 Bits 0-8 
Bits 27-35 Bits 18-26 

C-D Bits 0-8 Bits 9-17 
Bits 18-26 Bits 27-3} 

FIGURE 78. STROBE FOR EACH SEGMENT AND BIT 

Terminator Gate 
(M8091) 

Scope Picture When Rippling Memory 

+60 v 

Yellow Wire G02 

Wire G03 

Legend: 
CD Normal drive turn-off. 

® & Q) Weak drivers turn off. 

Turn On 

Normal 
Driver 

@ Distorted pulse shapes can cause intermittent 
problems that are difficult to analyze. 

FIGURE 77. MAIN STORAGE DRIVER FAILURES - WAVEFORMS 

Turn Off 

If a bit is droppng when the XY voltage is 
lowered, try moving the strobe associated with that 
bit and segment earlier. This usually helps the 
operation of that bit. If a bit is picking when the 
XY voltage is raised, move the strobe associated 
with that bit and segment later. The strobe turn
off placement has little effect unless moved a great 
distance (75-100 ns). 

M9A Differences 

Drive currents are to be measured on the wires to 
the C1 board from pins listed in the following table. 

X Read 
X Write 

Y Read 
Y Write 

Bits 0 thru 17 

B1M2G03 

B1M2]04 

B1M2B12 

B1M2D12 

Bits 18 thru 3S 

B1G6G03 

B1G6]04 

B1G6B12 

B1G6D12 
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Figure 79 represents the sense scheme for the 
M9A, which is the only significant difference be
tween the M9 and M9A. Note that the following 
cards are ~ interchangeable. 

Function 

Sense Amp 

Final Amp 
Strobe 

Timing 

M9 

5804927 

5804920 

5804910 
5804815 

M9A 

5808249 

5808250 
5808254 

5808253 

The array part number is 2511311 for both the M9 
and M9A. 

Figure 80 shows waveforms for the M9A 8SM. 
The sync point is storage select A1H6G5 for all 
waveforms. 

LOCAL STORAGE (LS) SERVICE CHECKS 

Local Storage Timings 

Local storage timing information is in ALD Volume 
I, Page AAOOO. 

Local storage zero time is defined as CPU 255 
time. 

LS Read Operation 

The gate drivers and read drivers supply the current 
to reset the core and induce an output on the sense 
winding. 

L8 Write Operation 

The gate drivers and write drivers select the word, 
and the bit drivers supply the additional current 
necessary to set the core. A bit driver must be on 
for each position to be set. 

1..8 Functional Packaging 

Local storage drivers and sense amplifiers are 
functionally packaged as follows: 

1. The eight gate drivers are packaged four per 
card with one fuse per card. 

2. The eight read drivers are packaged four per 
card. 

3. The eight write drivers are packaged four 
per card. 
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Add Bit 13 
Add Bit 14 

SA Gate 

+ Read 
Set SA 
Gate Latch 

SA 
Gate Other { 

Segs 

Reset SA Gate Latch 

Strobe B 

Add Bit i4 
Add Bit 13 

Strobe B 

Add Bit i4 
Add Bit 13 

Strobe A 

Add Bit 14 

Add Bit i3 

Strobe A 

Add Bit 14 

Add Bit 13 

Strobe 
1 Lower 
2 Lower 
3 Lower 
4 Lower 
5 Lower 
6 Lower 
1 Upper 
2 Upper 
3 Upper 
4 Upper 
5 Upper 
6 Upper 

Bits 
O,U 
3, 4, 5 
6, 7, 8 
9, 10, 11 
12, 13, 14 
IS, 16, 17 
18, 19, 20 
21, 22, 23 
24, 25, 26 
27, 28, 29 
30, 31, 32* 
33, 34, 35* 

Strobe 4 
Upper 

FIGURE 79. M9A STROBE AND SENSE CIRCUITS 

Bits 

Stor 
Out 
Bus 

32 = P 0-7 
33 = P 8-15 
34 = P 16-23 
35 = P 24-31 

4. The 36 bit drivers are packaged four per 
card with four fuses per card. 

5. The 36 sense amplifiers are packaged four 
per card. 
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Local Storage Word Selection 

Figure 81 shows how the local storage word is 
selected from the six-bit address. 

R!W 
Drivers 

7 

6 

5 

4 

3 

2 

I 

0 

0 

7 

6 

5 

4 

3 

2 

1 

0 

0 

Gate Drivers 

1 2 3 4 5 6 7 

15 23 31 39 47 55 63 

14 22 30 38 46 54 62 

13 21 29 37 45 53 61 

12 20 28 36 « 52 60 

II 19 27 35 43 51 59 

10 18 26 34 42 50 58 

9 17 25 33 41 49 57 

8 16 24 32 40 -48 56 

1 2 3 

--- Sectar ---

fIGURE 81. LOCAL STORAGE ADDRESS BIT FUNCTIONS 

LS Temperature Control Unit Check 

Following is the procedure for calibrating the local 
storage temperature control unit (TCU) using resis
tor assembly PiN 461614 and a standard 6-pac card 
extender PiN 452554. Proper use of this procedure 
results in the correct TCO setting for controlling 
the local storage array at a temperature of 1040 F, 
±lo. Resistor assembly PIN 461614 is a 1%, 8250-
ohm resistor with two SLT pluggable terminals. 

Initial Setup 

1. Turn off all power to the local storage unit 
and TCU. The TCU is located in the power supply 
section. 

Caution 
The TCV has a single phase, 60 cycle, 208-230 
vac input on terminals L1 and L2. 

2. Remove the cover from the TCU and insure 
that the ac input power terminals L1 and L2 are 
properly insulated or enclosed. Correct any safety 
violation before continuing. 

92 (3/71) Model SO FEMM 

3. Connect the standard 6-pac extender jumpers 
and resistor assembly PiN 461614. Refer to Figure 
82 for card plugging. 

4. Remove the dust protector around the array 
board and unplug the SL T connector cable at the M2 
location of the local storage array board. 

5. Plug the SL T cable connector just removed 
from the M2 into the SL T pin connectors on the 6-
pac extender (side opposite the jumper and resistor). 
Make sure that the Band D sides of the cable con
nector correspond to that of the 6-pac extender. 

6. Plug the shroud end of the 6-pac extender 
into the M2 position at the local storage array board. 

7. Remove the two thermistor wires connected 
to terminals T1 and T2, located adjacent to the in
put power terminals of the TCU. Using an ohm
meter calibrated against the 8250-ohm resistor, 
measure the resistance between these two discon
nected thermistor wires. The meter should read. 
8250 ohms ±1 %. If there is a higher resistance, 
check for a bad crimp or broken wire and repair 
before continuing. 

8. Replace the two thermistor wires to TCU 
terminals T1 and T2. 

TCU Calibration Procedure 

1. With an insulated screwdriver, turn the 
potentiometer dial of the TCU to the extreme counter
clockwise position. 

2. Turn power on the local storage and the TCU. 
3. With an oscilloscope, monitor the +30 volt 

array heater voltage TCU return line located at 
D4M2D07 on the local storage array board. 

4. With an insulated screwdriver, tum the TCU 
potentiometer dial clockwise until the heater just 
barely turns on. The heater is on when the oscillo
scope trace at D4M2D07 is at ground; the heater is 
off when the oscilloscope trace is at +30 volts. 

5. Turn power off. Remove the 6-pac extender 
and replug the connector cable into the M2 position 
at the array board. 

6. Mark the pOSition of the dial setting for 
future reference. This setting should be at the 9 to 
12 o'clock position. If not, the TeU may be defec
tive. Recheck the procedure, especially step 7 in 
the initial setup. 

7. Correct operation is indicated by the heater 
being turned on and off periodically. 

Local Storage Waveforms 

Typical waveforms for normal storage operation 
are illustrated in Figures 83 through 87. These 
waveforms are not to be used as specifications for 
levels, rise times, fall times, or pulse widths, but 
rather as general indications of the wave shapes to 
be expected. 



62 

~ 0 0 0 0 0 0 0 0 

o 0 0 0 0 0 0 0 0 0 0 0 

o 0 000 000 0 0 0 0 

o 0 0 0 0 0 0 0 0 0 0 0 

452554 

00000000 

SLT coble terminator will plug into extender 
cord on center rows of pins on side opposite 
jumpers . 

613 

Coble Row 6 

Cord Row 0 

FIGURE 82. EXTENDER CARD WIRING: LS TEMPERATURE CHECK 

Optimize LS Drive Currents (Shmoo) 

For a triple-six supply, execute sequence A. For 
a single +6-volt supply, execute sequence B. 

Sequence A: To optimize the +6 TC and +6 VAR 
voltage, plot the +6 V AR versus the +6 TC while 
running the worst case test program as follows: 

1. . With all logic voltages at nominal and the 
+6 TC at approximately 4. 5V, vary the +6 VAR to 
the low and high voltage failure points and record 
these points on the plot. 

2. Increase the +6 TC by O. 5V and repeat 
step 1. Continue to perform steps 1 and 2 until the 
+6 TC can no longer be increased without a failure 
occurring. 

Resistor 

000 0 0 0 0 0 0 0 0 0 

452554 

0000000 

Remove all jumpers from ex tender cord and replace wi th 
jumper from cord row 007 to coble row 007 and resistor 
assembly 461614 across coble row B07 to B08. 

3. The optimum setting of the +6 V AR and +6 
TC voltage is the center of the longest rectangle 
that can be drawn inside the plotted curve. (The 
sides of the rectangle should be parallel to the X 
and Y axes of the plot.) The minimum rectangle 
must be equal to or greater than ±5% of the nominal 
setting. The four corners of the rectangle are 
checked during preventive maintenance. 

Sequence B: To optimize the +6 VAR, plot the +6 
V AR versus the +6 TC while running the worst case 
test program as follows: 

1. Determine the upper and lower error-free 
running limits for the +6 V AR. The midpoint of 
these limits is the operating point. 
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Input 
40 n!/cm 
5 v/cm 

Te,t Point 
40 ns/cm 
2 v/cm 

Output 
40 ns/cm 
5 v/cm 

Input 
40 ",/cm 
5 v/cm 

Test Point 
40 n,/crn 
2 v/cm 

Output 
40 n./crn 
5 v/cm 

Input 
50 n./crn 
2 v/crn 

Output 
50 nl/cm 
10 v/cm 
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FIGURE 86. LS SENSE AMPLIFIER 
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FIGURE 87. LS READ DRIVER 

Input 
40 ns/cm 
100mv/cm 
TC = 5.35 
K = 5.35 

Strobe 
20 ns/crn 
I v/cm 

Test Point 
40 ns/cm 
I v/cm 

Output 
100ns/crn 
I v/cm 

Input 
40 ns/cm 
5 v/cm 

Test Point 
40 n./crn 
2 v/crn 

Output 
40 nl/cm 
5 v/crn 



2. Plot the three points on the 89 driver 
operating voltage determination graph. 

3. Assure that one minute of error-free opera
tion is possible at ±7% from the operating point. 

4. After the run, set +6 V AR to the operating 
point. 

L8 Strobe Driver Identification 

There are 18 separate strobe drivers. If bits are 
being dropped, consider the possibility of a missing 
strobe. The strobe distribution, on ALD page LS721, 
is arranged as follows: 

Strobe bits 00 and 01 
Strobe bits 02 and 03 
Strobe bits 04 and 05 
Strobe bits 06 and 07 
Strobe bits 08 and 09 
Strobe bits 10 and 11 
Strobe bits 12 and 15 
Strobe bits 13 and 14 
Strobe bits 16 and 19 

Strobe bits 17 and 21 
Strobe bits 18 and 22 
Strobe bits 20 and Parity 8-15 
Strobe bits 23 and Parity 16-23 
Strobe bits 24 and Parity 0-7 
Strobe bits 25 and 26 
Strobe bits 27 and 28 
Strobe bits 29 and 30 
Strobe bits 31 and Parity 24-31 

Note: These circuits are all located on the card at 01A-D4M6. 

ROS 201- -Cycle One Sector of Local Storage 

1. System reset; set check control switch to 
STOP. 

2. Display sector to be cycled. 
3. Set rate switch to SINGLE CYCLE. 
4. Set data keys 22 and 31 on. 
5. Set ROS REPEAT INSN down. 
6. Press START. 
7. Restore ROS RE PEAT INSN. 
8. Set data to be stored into local storage in 

data switches. 
9. Set rate switch to PROC ESS . 

10. Press START. 
The following should occur: 

Data keys to L-register. 
L-register to local storage. 
Local storage to R-register. 
R-register to adder for half-sum error check. 
~ If error occurs, LSAR will have advanced 

one address. 

Array Temperature 

If intermittent troubles are experienced on local 
store, check the array temperature. It should be 
1040F I ± 10. 

Local Storage Heater 

At time of installation, scope cycle time. Record 
cycle time and the temperature at entrance to gate 
near local store on shmoo page S9. The approxi
mate cycle time should be 6 seconds on, 20 seconds 
off. 

Checking Drivers and Terminating Diodes 

See the section entitled "Checking MS Drivers and 
Terminating Diodes" under "Main Storage (MS) 
Service Checks. " 

READ ONLY STORAGE (ROS) SERVICE CHECKS 

ROS Retry Adjustment 

This procedure is based on voltage and timings being 
within speCified tolerances. Refer to ALD AAOOO 
for timings. Check -3 volts at 01C-E1B2D06 to be 
within ± 4%. Required equipment is an ohmmeter 
and a Tektronix 453 oscilloscope. 

1. Remove the 5801515 card from 01C-E2L4; 
disable ROS retry by grounding pin 0IC-E3C4D11. 

2. With the ohmmeter, set up the following 
resistances on the two pots on the 1515 card: 

a. Measure between pins 1 and 2 (Figure 88) 
on the top pot and rotate the pot counter
clockwise until a minimum reading of 
about 0 ohms is obtained. 

b. Measure between pins 1 and 2 (Figure 88) 
on the bottom pot and rotate the pot clock
wise until a maximum reading of about 
1000 ohms is obtained. 

3. Re-insert 5801515 card in 01C-E2L4. 

Lower Pot 

FIGURE 88. MODULE SIDE OF 5801515 CARD 
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4. Enable ROS retry by removing ground from 
01C-E3C4D1I. 

5. Using a 10 x 1 probe (with ground probe) on 
the "CH 1 input, " scope either: 

a. 01C-E2LAG05 if 5801515 card has five 
modules. 

b. 01C-E2LAG07 if 5801515 card has six 
modules (EC 259398 or later). 

6. Set up the scope to single sweep on a O. 5-volt 
negative shift. See following section for procedure. 

7. Load and run ROS ripple; see "ROS Ripple 
Test." Machines with EC 259860 or later must 
ground 01C-E3C2B10 for this procedure only. 

8. Ready the single sweep on the scope. 
9. For a one-minute period after step 8 was 

executed, determine whether or not the scope 
triggered. 

a. If the scope was not triggered, sldp to 
step 13. 

b. If the scope was triggered, go to step 10. 
10. Rotate the lower pot counterclockwtse four 

turns. 
11. Ready the single sweep. 
12. While running ROS ripple, determine whether 

or not the scope still triggers during a one-minute 
period after step 11. 

a. If it does not, go to step 13. 
b. If it does, repeat steps 10-12 until it no 

longer does, then go to step 13. 
13. Ready the single sweep. 
14. Rotate the top pot clockwise until the scope 

triggers occasionally during a one-minute interval 
on a half-volt negative shift. 

15. Set up the scope to single sweep on a 1.0-
volt negative shift. 

16. Ready the single sweep. 
17. If the scope does not trigger for a one-minute 

period at this setting, the ROS retry adjustment is 
complete. If the scope triggers, rotate the top pot 
1/4 turn counterclockwise. Repeat this step until 
the following conditions are met: 

a. The scope triggers occasionally on a O. 5-
volt negative shift. 

b. The scope does not trigger when set for a 
one-volt negative shift. 

Setting Up Single Sweep 

1. Set the A and B time/div and delay time knob 
to O. 1 second scale. 

2. Set the mode knob on CH 1 and the h'igger knob 
on CH 1 only. 

3. Set A TRIGGERING as follows: 
a. Source -- Internal 
b. Coupling -- DC 
c. Slope - Minus 
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d. Set LEVEL CONTROL to 0 poSition and 
HF STAB all the way clockwise. 

4. Set A SWEEP MODE to SINGLE SWEEP. 
5: Set HOruZ DISPLAY to A and MAG to OFF. 
6. Set the volts/div CH 1 knob to 50 MV and the 

three-way switch below it to the ground position. 
7. Rotate the position knob fully clockwise. 
8. Press the reset pushbutton and make sure the 

light comes on. 
9. Rotate the position knob slowly counterclock

wise until the reset light goes off. 
10. The light is to be set to go off either 1 cm 

below th ~ top horizontal graticule (0. 5-volt setting) 
or 2 cm below the top horizontal graticule (1. 0-
volt setting). 

a. If the light went off above this point, 
rotate the level control slightly counter
clockwise and repeat steps 7-10 until the 
scope fires at the right point. Go to step 
II. 

b. If the light went off below the reference 
point, rotate the level control slightly 
clockwise and repeat steps 7-10 until the 
scope fires at the right point. 

11. Move the three-way switch below the volts/ 
div CH 1 knob from the ground position to the DC 
position. 

12. Set the A sweep mode switch to the auto 
trigger position. 

13. Position the trace on the top horizontal grati
cule. 

14. Move the A sweep mode switch back to the 
single sweep pOSition. 

15. Press the reset pushbutton and make sure the 
light comes on. 

ROS Waveforms 

Figure 89 shows typical waveforms for normal ROS 
operation. These waveforms are not to be used as 
reference for levels, transition times, or pulse 
widths, but rather as a general indication of a nor
mally functioning ROS unit. 

ROS Parity Errors 

To check ROS parity error circuits, ROS repeat on 
one of three ROS words. 

ROS Repeat 

IDS 
FD6 
FD7 

Error 

0-30 
31-55 
56-89 
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FIGURE 89. ROS WAVEFORMS 

~ 

.L 

One Signal Bit 00 Upper 
OlC-E1B2Gl0 
1 v/cm, 40 ns/em 

ROS FOO-F03--ROSDR Test All Ones 

1. System reset. 
2. Set data keys 20-23 (FOO). 
3. Set ROS REPEAT INSN down. 

r-

4. Check CPU roller 1, position 6 and CPU roller 
2, positions 1 and 2 for all bits on except 16, 24, 
and 83. 

5. Set data keys 30 and 31 on, in addition to 20-23 
(F03) . 

6. Check for the conditions described in step 4. 
7. Restore ROS REPEAT INSN. 
8. System reset. 

ROS FOl-F02- -ROSDR Test All Zeros 

1. System reset. 
2. Set data keys 20-23 and 31 (FOl). 
3. Set ROS REPEAT INSN down. 

1 

t'" 

..-. 

~ ~ 
\ 1\ Zero Signal Bit 00 Upper 

01C-E1B2Gl0 
J 1 v/cm, 40 ns/cm 

r-

til I +Strobe Into Memory 
OlC-E3A2B02 

J \ 

n 
• 
, -

J - 1 v/em, 40 ns/cm 

+Strobe After Powering 
OlC-E3G2J02 
1 v/em, 40 ns/em 

L- -Latch Output Bit 00 
01C-E3E2J13 
lv/em, 40 ns/em 

- 1-

1 ..J 

- .... 

~ 

-

:-

+Gate Upper Word 
01C-E3A2B04 
1 v/em, 40 ns/em 

+Gate Lower Word 
01C-E3A2D04 
1 v/em, 40 ns/em 

4. Check CPU roller 1, position 6 and CPU roller 2, 
positions 1 and 2 for all bits off except the parity 
positions. 

5. Set data key 30 on and 31 off (F02) in addition to 
20-23. 

6. Check for the conditions described in step 4. 
7. Restore HOS REPEAT INSN. 
8. System reset. 

ROS Address 000 

ROS Addr 000 has only bits 16, 35, 37, 38, 39, 50, 
56 (ZN4) (AL23) (DG2). 

Extra or Missing Bits 

Usually, the picking or dropping of a great number 
of bits is due to an extra or missing drive line or 
select line. 
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To check for a missing or extra drive Une, use 
the ROS addresses in Figure 90. These ROS ad
dresses all use select line one so each drive line 
may be checked at the console until the faulty line 
is located. Remember, if two lines are driving at 
once, the line that gives !!£ error is the failing line. 

To check for a missing or extra select line use 
the ROS addresses in Figure 91. These addresses 
all use drive line zero so each select line may be 
checked at the console until the faulty line is located. 

Sense Latch and Strobe 

If a strobe is lost, the sense latch will not set and 
the corresponding bits will be set into ROSDR. 

If a sense latch reset is lost, the sense latch 
will not reset and the corresponding bits will not set 
into ROSDR. 

Figure 92 is a list of test points for the ROS 
strobe pulse and the sense latch reset. These test 
points can be used to determine which strobe or 
reset is failing. 

Figure 93 shows ROS sense amplifier and sense 
latch card locations. 

ROS Cord Drive ROS 
Addr location line Addr 

004 CID2M6 0 804 
006 CI D2J6 I 806 
084 CI D2F6 2 884 
086 CID2C6 3 886 
104 C I D2l6 4 904 
106 CID2H6 5 906 
184 CI D2E6 6 984 
186 CI D2B6 7 986 
204 ClC2M6 8 A04 
206 CIC2J6 9 A06 
284 CIC2F6 10 A84 
286 CIC2C6 II A86 
304 CIC2l6 12 B04 
306 CIC2H6 13 806 
384 CIC2E6 14 B84 
386 C IC286 15 886 
404 CIB2M6 16 C04 
406 C I B2J6 17 C06 
484 CI B2F6 18 C84 
486 CI B2C6 19 C86 
504 C I B2l6 20 D04 
506 CI B2H6 21 D06 
584 CI B2E6 22 D84 
586 C18286 23 D86 
604 CI A2.M6 24 E04 
606 C I A2.J6 25 E06 
684 CIA2F6 26 E84 
686 C 1 A2.C6 27 E86 
704 C 1 A2.l6 28 F04 
706 CIA2.H6 29 F06 
784 CI A2.E6 30 F84 
786 C 1 A2.B6 31 F86 

ROB Ripple Test 

The ROS ripple test tape can be generated with diag
nostic program 5350. For systems using disks only, 
use program 5FE5 to generate a ROS ripple pack. 
Since the ROS ripple test checks only the parity of 
the ROS words, no test tape update is necessarywhen 
EC activity affects the ROS bit planes. 

The first record on the ROS ripple test tape pack 
checks all planes. If it is desired to ripple only one 
given plane, depress system reset pushbutton, and 
FL T load the next record. The second record rip
ples plane zero; the third record ripples plane one; 
etc. 

Basic ROS Ripple 

1. Set the check control switch to stop position. 
2. Place the ROS ripple test tape or pack on an 

available unit; set the address of the unit in the 
load unit switches; press the load pushbutton. 

3. The first section loads and ripples all planes. 
If an error occurs, the program stops and the hard 

Cord Drive 
location line 

DIA2l6 32 
DIA2H6 33 
DIA2E6 34 
DIA2B6 35 
DIA2M6 36 
DIA2J6 37 
DIA2F6 38 
DIA2C6 39 
D 18216 40 
DI82H6 41 
D 182E6 42 
DI B286 43 
DIB2M6 44 
D 182J6 45 
DI82F6 46 
DIB2C6 47 
DIC2l6 48 
DIC2H6 49 
DIC2E6 50 
DIC286 51 
DIC2M6 52 
DIC2J6 53 
D IC2F6 54 
DIC2C6 55 
DID2l6 56 
DID2H6 57 
DID2E6 58 
DID2B6 59 
DID2M6 60 
DID2J6 61 
DID2F6 62 
DID2C6 63 

Note: All of the cords indicated above use output pin 813 for scoping. When a line is addressed, 
it should pulse. If not conducting, the line should be at +2v. If this level is down only 3/4(O.75)v, 
trouble is indicated. 

FIGURE 90. ROS DRIVE LINE TESTS 

98 (3/71) Model SO FEMM 



000 0 Cl 02K6 C2K6 B2K6 A2K6 01 A2K6 B2K6 C2K6 02K6 809 

004 I 010 

008 011 

OOC B12 

010 013 

014 G09 

018 Jl0 

01C Jll 

020 J12 

024 G13 

028 10 J13 , 
02C 11 Cl 0206 C206 8206 A206 01 A206 8206 C206 0206 809 

030 12 

I 
010 

034 13 011 

038 14 B12 

03e 15 013 

040 16 G09 

04-4 17 JIO 

048 18 Jl I 

04C 19 J12 

050 20 GI3 

054 21 JI3 

Note: Test point pins are the some for each of the eight card locations of a given select line. Sense Amplifiers 

FIGURE 91. ROS SELECT LINE TESTS 
Bit OX IX 2X 3X 4X 5X 6X 7X 8X 9X 

0, I E1B2 E1G2 ElM E1G4 EI86 E1G6 E2B2 E2G2 E2M E2G4 

2,3 ElC2 El H2 E1C4 E1H4 E1C6 E1H6 E2C2 E2H2 E2C4 E2H4 

4,5 El02 E1J2 El04 ElJ4 El06 E1J6 E202 E2J2 E20 .. E2J .. 

Strobe Upper Word Strobe Lower Word Sense Latch Reset Bits 6,7 E1E2 EIK2 EIE .. ElK .. EIE6 E1K6 E2E2 E2K2 E2E .. E2K .. 

E3G3B03 E3G3007 E3G380:2 0-9 8,9 E1F2 EIL2 EIF4 Ell .. EIF6 EIL6 E2F2 E2L2 E2F .. 

E3G3D06 E3G3005 E3G3802 10-19 
E3G5B13 E3G5BIO E3G5807 20-29 
E3G3BI0 E3G3Dl0 E3G301 I 30-39 Sense Latch 

E3G6B09 E3G6011 E3G6Bl0 .. 0 .... 9 
E3G6006 E3G6Dl0 E3G6D07 50-59 

Bit OX IX 2X 3X .. X 5X 6X 7X 8X 9X 

E2G7D02 E2G7D06 E2G701 I 60-64 and 75-79 
E3G6B02 E3G6D02 E3G6B03 65-74 

0-.. E3E2 E3H2 E30 .. E3H4 E3E6 E3J6 E2116 E3H6 E2C6 E2H6 

E2G7B02 E2G7007 E2G7B09 80-90 5-9 E3F2 E3J2 E3E .. E3J .. E3F6 E3K6 E3F .. E2L6 E2E6 E2K6 

Note: A" test points are on gate OlC. Nate: A" cards cre in fr_ 01, gate C. 

FIGURE 92. ROS STROBE AND SENSE LATCH TEST POINTS FIGURE 93. ROS SENSE AMPliFIER AND LATCH CARD LOCATIONS 
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stop indicator comes on. The master check indicator 
is not set. To determine the failing address, sub
tract one from the ROS address indicated in SDR 
(19-30) The force indicator switch must be used to 
get the proper indication from the switchable indi
cators. 

ROS BIT PLANE REMOVALS AND ADJUSTMENTS 

ROS Bit Plane Adjustments 

The pressure screws in the spider assemblies must 
be checked for minimum torque of 4. 5 inch-pounds 
every 90 days. Use the torque screwdriver (PiN 
461450) to carry out the adjustment procedure that 
follows: 

1. Following the sequence shown in Figure 94 
check the torque on setscrews 1 through 8, 11, and 
12 for 4.5 inch-pounds. Use torque wrench listed 
above. 

Note: Make sure the torque wrench has been 
recently calibrated. This wrench must be calibrated 
periodically. 

2. Check the torque on setscrews 9 and 10 for 
3.5 inch-pounds (Figure 94). 

3. After completing steps 1 and 2, check the 
torque in the same sequence indicated in Figure 94 to 
see that torques for positions 1-8, 11 and 12 are with
in 4.0 to 5.0 inch-pounds and that torques for positions 
9 and 10 are within 3.0 to 4.0 inch-pounds. If the 
torques are not within specifications, re-torque as 
described above. 

4. Repeat steps 1-3 until the specifications are 
met. 

11 12 

1 2 
'-

3 4 

'-

S 6 

7 8 

9 10 

FIGURE 94. SETSCREWS TORQUE SEQUENCE (ROS BIT PLANES) 
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ROS Bit Plane Removal 

Caution 
Use extreme caution when handling bit plates; 
they are easily damaged. 

1. Release pressure on the 12 pressure pads 
by loosening the setscrews bearing on the center of 
each pad. Use a standard bristol wrench or a torque 
wrench (PiN 461450). Do not1oosen slotted-head 
screws that are located toward the center of the 
casting assembly. 

2. Release pressure from upper and lower 
drive connectors by loosening the four spring-loading 
screws in each connector. Do not disengage screws 
completely. 

3. Remove the four corner hex-head screws and 
two center knurled nuts and remove spider assem
bly from two center studs. (The knurled nuts may 
be removed by hand.) 

4. Remove rubber pressure pad from center 
studs. 

5. Remove upper and lower drive connectors by 
removing two screws at the end of each connector. 

Note: Plastic or lint-free gloves must be worn 
when handling bit planes. 

6. Carefully remove the bit plane from align
ment pins and studs by holding at center of each of 
the horizontal edges. The plane must be held and 
gently lifted out without being allowed to bow. 

Caution 
Exercise extreme care in handling the bit plane 
to avoid creasing, folding, or scratching. 

7. Cleanliness of the sense and bit planes is 
very important. Perform the following cleaning 
procedure before installing the bit plane. 

Note; Elapsed time between cleaning the sense 
lines and bit planes and installing the bit planes, 
rubber pressure pad, and spider assembly must be 
kept to a minimwn. 

ROS Bit Plane Cleaning 

New bit planes are stored in an IBM -approved poly
ethylene bag. The bag must not be opened until just 
before the bit plane is to be installed. If the bag is 
opened or damaged prior to installation the hit plane 



must be recleaned. If a new bit plane is to be in
stalled, begin installation procedure; however, do 
not remove the bit plane from the polyethylene bag 
until all preparations have been made for immediate 
installation on the equipment. 

Cleaning of the bit plane is necessary when a bit 
plane is removed and replaced or when the polyethy
lene bag is accidentally broken. 

Caution 

IBM-approved nylon or lint-free gloves must be 
worn during all phases of bit-plane handling. 

To clean the bit plane, proceed as follows: 
1. Clean a flat surface, as large as or larger 

than the bit plane with a lint-free cloth well satu
rated with cleaning fluid (PiN 450608). The surface 
must be lint-free. 

2. Clean all array hardware associated with the 
bit plane to be installed. 

3. Place the bit plane, with the Mylar* side up, 
on the lint-free surfacp,. 

4. Clean upper and lower connector tabs with 
lint-free cloth that is thoroughly moistened with 
circu it cleaner. 

5. Fold clean, lint-free cloth into a pad about 
3 or 4 inches square and saturate thoroughly with 
circuit cleaner. 

Caution 
Do not apply circuit cleaner directly to the bit 
plane. 

6. Briskly rub the Mylar side of the bit plane. 
~ Best results are obtained by starting at 

one edge and rubbing back and forth over the entire 
length of the bit plane. If the cloth becomes dry, 
reapply the circuit cleaner to the pad only. 

7. Allow bit plane to dry. 
8. Immediately after cleaning, install bit plane 

in its proper location, using the following ROS bit 
plane installation procedure. 

Note: Carrying the bit plane in a vertical posi
tion reduces the possibility of further contamination. 

ROS Bit Plane Installation 

~ Extreme care must be taken throughout the 
following procedure to avoid damage to the bit planes, 
sense planes, or connector tabs. Plastic or lint
free gloves must be worn when handling bit planes. 

1. Turn all setscrews cOlmterclockwise untll 
pressure plates are just flat to the casting. Do not 
back screws out past this point. 

• Trademark of E. I. duPont deNemours & Co. (Inc.) 

2. Clean the bit plane, if this has not been done, 
in accordance with cleaning procedure. If a new 
bit plane is being installed, perform steps 2 and 5 of 
the cleaning procedure. 

3. Carefully place the bit plane over the two 
center mounting studs with Mylar dielectric side 
toward sense plane. Gently slip the bit plane over 
the upper and then the lower alignment pins and 
press flat on the small copper lands around upper 
hole and lower slot. The upper alignment hole has 
a slight press fit and the lower alignment slot pre
vents any side motion but allows lengthwise motion 
so that the bit plane can lie flat on the sense plane. 

4. Install the upper and lower drive connectors 
with the mounting screws. Do not tighten spring
loading screws at this time. This procedure ensures 
corrept location of the bit plane while the spider 
assembly is being installed and loaded. 

5. Install the large.rubber pressure pad by 
placing it gently over the two center studs. 

6. Holding the rubber pressure pad in position, 
place spider assembly over center studs. The holes 
in the spider casting are large clearance holes for 
the studs. 

7. Exerting light upward pressure on the cast
ing, align upper corner holes with the mating tapped 
holes in the vertical bars. Insert and fasten the 
four corner hex-head mounting screws. Do not 
over-tighten these screws but make sure they are 
bottomed. Fasten the two knurled nuts to the center 
studs. The knurled nuts are to be bottomed but must 
be only finger-tight when this is done. 

Caution: 
If the knurled nuts are too tight, bending and fracture 
of the casting may result when the spider is loaded. 

8. Using the torque wrench, tighten all set
screws (1 through 12) to 2 inch-pounds in the se
quence shown in Figure 94. Repeating the sequence, 

I tighten setscrews in positions 1 through 8 and 11-12 
to 4.5 inch-pounds; tighten setscrews in positions 

I 9 and 10 to 3.5 inch-pounds. 
9. After completing step 8, check torque in 

sequence indicated in Figure 94 to see that all 
I torques for positions 1 through 8 and 11-12 are 

within 4.0 to 5.0 inch-pounds and that torques for 
I poSitions 9 and 10 are within 3.0 to 4.0 inch-pounds. 
If torques are not wi thin specifications, re-torque 
as described above. 

10. Repeat steps 8 and 9 until set torque speci
fications are met . 

Service Checks, Adjustment and Removal Procedure (3/71) 101 



Connector Installation 

1. Remove upper and lower drive connectors by 
removing the mounting screws. Check alignment of 
bit plane connector tabs with tabs on terminating 
resistor card at top and the drive card on bottom. 
Resistor card and lower drive card may be shifted 
for horizontal alignment by loosening the two hold
down screws in each resistor card. 

2. Reinstall connectors and tighten the mounting 
screws. 

3. Load upper and lower drive connectors by 
turning spring-loading screws clockwise until they 
bottom. Do not over-tighten. 

STORAGE PROTECT (SP) SERVICE CHECKS 

Storage protect timing information is located in 
Volume 1 of the ALD's, Page AAOOO. 

Reference Voltage and Sense Level Adjustments 

Two potentiometers set the storage protect refer
ence and sense level voltages. The card at 
02B-A3J4 has a 1000-ohm potentiometer (bottom) for 
the reference voltage and a 2000-ohm potentiometer 
(top) for the sense level voltage adjustments. 

Reference Voltage 

Reference voltage should be set as follows: 
1. Connect an accurate dc meter between 

02B-A3J4Dll (+ lead) and any B06 pin (- lead at 
-3 volt reference). 

2. Using the bottom potentiometer at 02B-AJJ4, 
adjust for a potential difference of +4. 8 volts. This 
setting should be made at room temperature of 
approximately 680 F. If the system must operate 
under other temperature conditions, use the graph 
of Figure 95 to determine the range of allowable 
reference voltage settings. 

DC volts 
meolured with 
r"pee t to the 
-3 volt level 
ot ony 906 pin 

5.0-t::-
".9 .<1 ~ 
".8 ~ ."A11owoi;i'--
".7 ~ eR;o=,,-"lI(1e"'-.~=.,:---
".6 -.;.,;;..::. <. '~.' "'1 
".5 ---= ..... -+-------------=::~ 
".3 -+--------------
... 2-+------------
... 1-+-------------

T 

FIGURE 95. SP REFERENCE VOLTAGE TRACKING 
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With the room temperature between 68 o-860 F, 
the storage protect storage should operate with the 
reference voltage varied ±O. 4 volts from its nominal 
point. Before checking this variance, however, be 
sure that all logic voltages and the sense level volt
age are at the nominal points. 

Sense Level Voltage 

The sense-level voltage is used by the final amplifier 
to yield the best discrimination between a maximum 
zero and a minimum one. As an initial setting, adjust 
the sense-level voltage to 3. 1 volts (measured be
tween 02B-A3J4B02 and ground). 

To find the optimum setting, run the storage pro
tect diagnostic (E3C9) with all the logic voltages and 
the reference voltage at their nominal values. 

Lower the sense-level voltage (top potentiometer 
at 02B-A3J4) until the first error occurs. Return to 
the nominal value, restart the program, and raise 
the sense level until another error occurs. Set the 
sense-level voltage at the mid-point of the high and 
low values. 

With nominal logic voltages and nominal room 
temperature, the storage protect storage should 
operate with the sense-level voltage varied ±O. 2 volts 
from its nominal value . 

. Checking SP Drivers and Terminating Diodes 

See the section entitled "Checking MS Drivers and 
Terminating Diodes" under "Main Storage (MS) 
Service Checks." 

Inhibit Drivers and Sense Amplifiers 

Figure 96 shows the location of the inhibit drivers 
and sense amplifiers for the storage protect storage 

Bit locotion Out (Inhibit) Return Senle Pin line Nome 

I B-AJl" B08 B07 B02 Parity 
2 8-AJl3 B03 BIO B04 0 
3 B-A3J3 B08 807 802 I 
<4 B-A3l" B03 BIO 80 .. 2 
5 B-A3L3 808 807 802 3 

. FIGURE 96, SP INHIBIT DRIVER AND SENSE AMP LOCATIONS 

SP Sense Windings 

Figure 97 shows the location of the storage protect 
storage sense windings. The sense windings may 
be scoped using a one-to-one probe and the differ
ential amplifier feature of the scope to cancel noise . 



8it Locotion Pin Pir. 

1 B-A3K4 DOS 006 
2 B-A3K3 011 810 
3 B-A3K3 803 804 
4 B-A3K4 004 B05 
) B-A3K3 B13 013 

FIGURE 97. SP SENSE WINDING TEST POINTS 

Termination Diodes 

The termination diodes (steering diodes) for the 
storage protect storage are located on the array 
boards. They are not shown on the logic pages. 
Remember that there are diodes in the driver lines. 

Two types of diodes exist: 03El (part number 
2414884), and 03E2 (part number 2414885). There 
are 16 of each type. 

X and Y Drivers 

Figure 98 shows the location and test points of the 
storage protect X and Y drivers. 

Write Pin Locotion Reed Pin Line Nome 
,-------f----

010 A3J2 BOS YO,2,4,6 

808 A3J2 804 ya, 10, 12, 14 

005 A3J2 012 Y line in IN,3N,5N,7N 
- 006 A3J2 B13 Y line in 9N, lIN, 13N, 15N 

Y Rd on Reod Y WG on Write 

B05 A3L2 010 ON, 1 ,8N,9 

S04 A3L2 BOB 2N,3, ION, 11 

012 A3L2 808 4N,S,12,13 

1113 A3L2 006 6N , 7 , 14N, 15 

Y Drivers 

Write Pin Location Read Pin Line Nome 

010 A3J5 BOS XO,2,4,6 

BOO A3JS 804 X8,10,12,14 

DOS A3JS 012 IN,3N,5N,7N 

D06 A3J5 813 9N, 11 N , 13N, 15N 
Y Rd on Read X WG on Write 

805 A3L5 010 ON,I,88,9 

B04 A3L5 BOO 2N,3, ION, 11 

012 A3L5 DOS 4N,S, 12N, 13 

Bl3 A3L5 006 6N, 7, 14N, 15 

X Drivers 

FIGURE 98. STORAGE PROTECT DRIVER LOCATIONS 

Storage Protect Test Points 

Following are some common test points for the 
storage protect storage. 

Sense Gate 
Inhibit Timing 
Strobe 
Read Gate 
Write Gate 

B-A3J4B04 
B-A3J7DOS 
B-A3K6B12 
B-A3K6B13 
B-A3K6D02 

CHANNEL SERVICE CHECKS 

The material in this section can be used to adjust 
delays and singleshot timings and to check for proper 
circuit operation of. the selector channel and the 1052. 

SELECTOR CHANNEL 

Figure 99 outlines the maintenance approach for 
servicing the selector channel when a malfunction is 
suspected. Procedures are outlined for progressive 
scan and non-progressive scan diagnostic techniques. 

When trouble is suspected in a specific area of 
the selector channel. the following checks can be 
used to pinpoint or correct the malfunction. 

C Reg Set and IF Service Out Delays 

1. Set check switch to disable pOSition. Manually 
store the following program; press PSW restart push
button. The program should be looping. 

Location Data Symbolic 

0000 *000 00 00 psW 
0004 0000 01 00 PSW 
0048 00 00 0200 CAW 
0078 *00000 00 PSW 
oo7C 00 00 01 00 PSW 
0100 9COO otxx SIO 
0104 47 FO 01 04 Branch to itself 
0200 0400 0300 CCW 
0204 0000 00 06 CCW 

* Enable 
t Channel Tested 

XX Available Tape or Disk 

2. Sync scope plus on rise of IF service in line 
at 01X-N4K7D04 (0 time). 

3. Observe C reg set line (01X-N4G6D12) falls 
at 340ns. Adjust delay at 01X-L4H2 bottom. 

4. Observe that IF service out line (OlX-N4L7D05) 
falls at 215ns. Adjust delay at 01X-N3E2 bottom. 

Channel Reset 

1. Set check SWitch to disable poSition and rate 
switch to process position. 

2. Sync scope on L3E7B08 plus external. 
3. Press system reset to time pulses; check all 

points on Figure 100. 
4. If clocks are running. use Figure 101 for refer

ence. 
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Selector 
Channel 

Malfunction 

load 
Progress i ve 

Scan 

Ves 

load Progressive Ves "'1 
~can throug!})---
another channel 

No 

Check control 
switch to 
CHAN STOP. 

Yes 

Yes 

Stop program just 
before failure occurs. 

Use logout print option to 
print channel log dato and 
channel local store words. 

If usable, 
return system 
to cus tomer • 

Use printout and flowcharts 
to determine scoping points 
for further analysis. 

-----------------------------------, 

Examine program in 
the region of failure. 

No 

Tie select into the 
inactive state and 
scope the units 

Check for 
program timing 
problems. 

Set ROS stop for unit address 
fetch and start I/O routine. 

FE i I JR i IF; _J 

At point of failure, 
analyze CSW for 
possihle clues 

Examine CCW sequence (using 
CSW info) for illegal commands 
and slow functioning CCW's 

Correct and 
repair unit. Yes 

Try other units 0 

fail ing channel 

Interface 
sequencing 

problem. 

No 

No 

Examine channel 

No 

Yes 

B 
Intermittent 

Place channe lin manual mode. 
Key in program if necessary. 
Single-cycle and use inter
face register keys and de hold 
conditions to reach predicted 
point of failure for de scoping. 

Ves 

No 

customer's 
program to 
analyze the 

rablem 

Yes 

Key in program, if necessary. 
Set check control switch to 
IGNORE. Use ac scoping 
techniaues and flowcharts. 

g FIGURE 99_ SELECTOR CHANNEL MAINTENANCE APPROACH 
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Functional 

Tests 

Yes 
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a II prerequ is i tel 
and run customer's 
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Check PCI 
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interrupt 
mask circuits 

Analyze data 
in local stor
age locatio .... 

Note and record 
all Iympto ... for 
discussion of prob
lem with others. 

Check voltage 
levels in each 

channel board. 



Page and o I 2 3 4 5 6 7 8 9 10 II 12 13 14 
Test Point Net No. Line Title 100 Nanoseconds/Diy 

L3E7B08 GE 191AG4 f--J 1 
t-----

L4J4B I 0 GE 191AP4 ~ 1 

L4G2B 12 GEI91AJ4 
1 1 

L3F6D04 GEI91BM -Early and r--. I 

r--------' 
Reg Reset 

L3C2DI2 GE 191AQ4 
1 1 L3C2D 10 GE 191AR4 -Ch Reset 

L3C2D04 GEI91AS4 
f-----.--. 

L3f6D 10 GEI91AZ4 -Early 
---, I 

Reset 

K4H7D06 GBl7lAQ4 -T,f to -I r-
L4L4B08 GB 171 BC4 Pas Reg 

L4G4DIO GBI71AS4 .Req 
1 L--Reg lrf 

N4G70 12 1M 101 Aa, 
N4G7DIO GMIOIAR41 i B Reg 

f..-.-.I I N3H2DI2 GMIOIAS4 Set 
N3H2D10 GMIOIAT4 

N4G6DI2 pMIIIAY~ 
N4G6D10 jGMIIIAZ4 +C Reg 
N3F4D 12 jGMIIlBA4 Set ~ I 
N3f4DIO GMIIIBB4 

I 

FIGURE 100. RESET PULSES (CLOCK NOT RUNNING) 

P(]ge and 
0 I 2 3 4 5 6 7 

Test Point 
r---' 

Net No. Line Title 100 Nanoseconds/Diy 

L3E7B08 GE 191AG4 f_oJ 1 

L4Jo4B 10 GE 191APo4 ~ I 

f----. 

L4C2BI2 GE 191AJ4 I r-
--~ 

.... _- )-------

L3F6D04 GE 191BA4 
-Early and II r-
Reg Reset 

~--------

L3C2D 12 GE 191AQ4 
L3C2D 10 G£ 191AR4 -Ch Reset I r-
L3C2D04 G£ 191AS4 

f----.. 

L3f6DIO GEI91AZ4 
-Early ~ 1 
Re$et 

r---' 
Ko4H7D06 GBI7IAQo4 -T,f to r Lo4l4B08 GBI71BC4 Pas Reg 

l4G4D10 GBI71AS4 
+Req 

Reg T,f 
I L 

No4G7DI2 jGMIOIAQ~ 
N4G7DIO jGMIOIAR4 

t B Reg 
N3H2D 12 jGMIOIAS4 1 I 

Set 
N3H2D 10 ~MIOIAT4 

N4G6DI2 GMIIIAY4 
N4G6DIO GMIIIAZ4 +C Reg J I 
N3F4DI2 GMIl'lBA4 Set 
N3Fo4DIO GMIIIBB4 

FIGURE 101. RESET PULSES (CLOCK RUNNING) 

A-Clock Check 

Add jumper from XM4H7D04 to ground. 
1. Set check switch to disable position and rate 

switch to process position. 
2. Sync scope on L3E7B08 minus external; set 

first pulse on Figure 102 to zero time. 
3. Press system reset to time pulses; check all 

pOints in Figure 102; ensure that clock is running. 

Page and 0 I 2 3 4 5 6 7 8 

Test Poinl Net No. line Title 100 Nanoseconds/Diy 
._- -------~~- ---

K4C3B08 GFI21AA4 -Insl Scan h 1 

K4D5DI0 GAIOIPB4 ,A Clk ~ 
K4F7D06 GAIOIAN4 + Diy ~ 

A Clk --
K4D6D04 GAIIIAE4 .Clk AO ~ 
Ko4D5B07 GAIOIAJo4 

,A Clk I 
A Latch 

K4D4DI2 GAIIIN4 .Clk Al ~ 

K4B2B02 CAIOIAVo4 
+A Clk 1 1 
B Latch 

--;-._--

K4D5D06 GAIOIAL4 
t A Clk 
D Latch 

K4F7B 12 GAIOIBF4 
-ADly A 
Clk D Latch 

K4D4DIO GAIIIAG4 I Clk Step 

FIGURE 102.ACLOCK 

Cycle Counter Check 

1. Set check switch to disable pOSition and rate 
switch to process position. 

2. Sync scope on L3E7B08 plus external; set first 
pulse on Figure 103 at zero time. 

3. Check all pOints in Figure 10,3. 

B-Clock Check 

1. Set check switch to disable position and rate 
switch to process position. 

2. Sync scope on L3E7B08 plus external; set first 
pulse on Figure 104 at zero time. 

3. Add a temporary jumper between K4M4D07 and 
K4H7DI0. 

4. Check all pOints in Figure 104. 
5. Remove jumper installed in step 3. 

Tag Generator and Manual Stop Controls 

1. Repeat steps 1 and 2 of preceding "B Clock 
Check. " 
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2. Add the followi.ng temporary jumpers: 
M4K6BlO (GSl1lBN4) to M4K6B02 (GSlIIAK4) 
M4K7D04 (GSI11BP4) to L3F6D04 (GE191BA4) 

3. Check all pOints in Figure 105. 
4. Set channel control switch to selector channel 

position; set channel selector to correct channel. 
5. Set address key 9 down (if STOP SEL). 
6. Scope test point *1 in Figure 105. 
7. Set address key 10 down, address key 11 up 

(10 code ITDl and IT); press enter pushbutton. Pulse 
should change from solid to solid plus dotted line. 

8. Press system reset pushbutton. 
9. Repeat step 7 and 8 scoping test pOints *2 

(code 01 = 10 up, 11 down) and *3 (code 11 = 10 down, 
11 down) (Figure 105). 

10. Remove jumpers installed in step 2 and reset 
channel control switch to normal position. 

Page and o I 2 3 456789 10 II 12 13 14 15 16 

Te,1 Paint Net No. Line Title 100 Nana.ecands/Div 

K4H7D06 GBI71A04 
- Trf to 

Pas Reg 

K4B5D12 GAI31AP4 
.CC Step I o Ph A 

K4C7BIO GAI31A04 
+CC Step 
o Ph B 

I I 

K4B5DIO GAI31AR4 
,CC Step 

1 Ph A 
J I 

K4C7B09 GA131AS4 .CC Step l l 1 Ph B I 
K4B6D04 GAI31 BL4 

-tCC Step I I 
2 Ph A 

-No Poll V--K4G2Bl0 GF121AG4 
Reset Reg 

GE 191A04 1- Ch Reset L3C2D 12 I L2 

K4C3D06 
GFI 21 A .. 1-'''' I I Scan Start 

FIGURE 103. CYCLE COUNTER 

Indicator Check 

1. Check that the following indicators are on or 
rippling: 

Roller 

Position 

3 
4 

5 

5 

5 

6 

Indicators 

Byte Counter: A and 8 parity bits only 
CC Phase: 0, 1, 2; Clock: AO, A 1, step 

Pos Reg Trf; A Clock: A, 8, C, OJ 

SP: 02 

Instruction Scan 
Byte Counter Mod Enable 

FIN (Flag Reg Unpredictable) 

108 (3/71) Model 50 FEMM 

On 
Rippling 
Rippling 

On 

May be on 
dimly or not 
visibly lighted 
On 

Pag" and o I 2 3 4 5 6 7 8 9 10 

Test Point Net No. Line Title 100 Nanoseconds/Div 

L3F6DIO GE191A24 
-Early ~ Reset 

K4E2BOB GAI21AA4 .B Clk ~ 

K4H7B 12 PAI2IAN4! -8 Clk ~ 

K4F6B 10 GAI21AG 
-GP to ~ BC Set B 

K4Eo1BIO GA121AYo1 
-GP to ~ BC Set A 

K4C4DOS PA121AHo1 -Clk B2 ~ 

K4J6DOS GAI21AP4 -B Clk ~ 

FIGURE 104. B CLOCK 

Page and 
o 1 2 3 4 5 6 7 8 9 10 II 

Test Point Net No. Line Title 100 Nanoseconds/Div 

M4K7D09 GS l11AL4 \.. ) 

N3F2DIO GR IllAM4 +ITD 1 
~---*I 

N3E4DIO GR l11AL4 +ITD2 ~ 

N3F6DIO GR IIIBE4 'ITD3 ( '--
N3E4DI2 GRll1AW4 

+ITD 1 ----1'C - - - -'\" *2 
Not 2 

N3E4D04 GRlllBW4 
+ITD2 ~ *3 
Not 3 

N3E5DII GR11IBM4 
+Svc ~ In Diy 

M4J2D06 GSI118Q4 
+1 F Svc r '--Lth 

N3D2DIO GRll1AC4 
+Nat 

~ lTD I 

FIGURE 105. TAG GENERATOR 

A-Clock Manual Controls 

1. Set channel control switch to selector channel 
position; set channel selector for correct channel. 

2. Using address keys 10 and 11 as follows, 
. press enter pushbutton and check for correct results: 

Code Address Keys Position 

01 10 up and 11 down Stop AD 

11 10 and 11 down Stop Al 

10 10 down and 11 up Stop CS 

3. Set channel control switch to normal pOSition. 
4. Return address keys to normal position. 



Operation Control Check 

1. Set channel control switch to selector channel 
position, channer selector for correct channel, and 
rate switch to single-cycle position. 

2. Set the following IAR keys down and check for 
correct results; press the enter key for each and then 
reset each key off. 

lAR Key Result 

30 Select In 

29 

27 

Service In 
Address In 

26 Poll and Select Out (Do not reset) 
31 Operational In (Do not reset) and Operational 

In Test 

28 Status In and Command Out 

3. Reset Channel Control to normal position. 

DTC Hold Check 

1. Add the following jumpers: 
B-B2G4D04 (KE311AB4 tie I/O routine on) 

to ground 
B-B2K5B09 to ground if channel 1 under test 
B-B2C7D07 to ground if channel 2 under test 
B-B2C7B03 to ground if channel 3 under test 

2. ROS repeat on address OBO. 
3. Set rate switch to single-cycle position. 
4. Scope the following points on the channel under 

tests: 
Channel 1 B-B2K7D04 (KE451) 
Channel 2 E-C3L2D06 (KE451) 
Channel 3 E-C3L2B12 (KE451) 

Name Page Location 

IF Line Check GRIOI N3D5802 

f-. 
Select In Gate GRIOI N3D5002 

Start IF POLL GRI21 M4H7D02 

IF RESET GSI51 M4H7B02 

FIGURE 106. SINGLESHOT TIMING PROCEDURE 

Timing 

ISO· (-) a. 

b. 

c. 
d. 

150· (-) a. 

b. 

c. 

d. 

150· (-) a. 

b. 

c. 

8 usec (-) a. 

5. Press system start pushbutton; observe a -350ns 
pulse. 

6. Set address key 8 down (Hold DTC); press enter 
and start pushbuttons; point should go down until address 
key 8 is reset. 

Singleshot Adjustment 

Adjust singleshots as shown in Figure 106; sync scope 
on internal. 

Selector Channel Clock-Stepping Procedure 

The following will allow clock stepping through the 
start I/O CCW1, CCW2, unit select, end update, and 
interrupt routines. This procedure is to be used in 
conjunction with IOP201, 202, 211, 209, and 210, 
respectively. A mixture of channel clock stops and 
ROS single cycle is used to step the routines and al
low scoping at each stop. The channel stops at the 
end of the indicated clock cycle; therefore, all con
ditions on the lOP pages, following a clock cycle and 
up to the next clock cycle, have been completed. Fig
ure 107 shows a block diagram of the routines that 
can be stepped by this procedure. 

To prepare for selector channel clock stepping, 
proceed as follows: 

1. Mount a scratch tape on a tape drive. Make 
sure it is not file protected. 

2. Key in the following program: 

Comments Address 

0000 

0004 

0048 

Data 

FF040000 

00000300 
00000400 

Restart PSW 

CAW 

Procedure 

Set sel chan switch to desired channel and 
set manual ap switch to sel. 
Set keys 27, 29, and 31 down (addr in, svc 
in, op in). 
Jumper K4J6D06 to M4E7802. 
Press ENTER; the single shot should be firing 
continuously; observe scope and adjust top 
potentiometer. 

Set sel chan switch to desired channel and 
manuol op switch to sel position. 
Jumper N3D5B02 to N3D05807. Jumper 

K4J6D06 to M4E7802. 
Set keys 27, 29, 30, 31 down (addr in, svc 
in, sel in, OP IN) and depress ENTER. 
Observe pulse on scope and adjust battom 
potentiometer. 

Set manual op switch to off position; set rate 
switch to process position; press reset and .tart 
pushbutton •. (Ensure that channel clocks are 
running) 
Jumper K4J6006 to M4H7808 and M4F6B08 
to ground. 
Observe pulse on scope and adjust battam 
potentiometer. 

Pre" RESET repeatedly and oblerve pul.e on 
scope; adjust top potentiometer. (Place check 
control switch in any position other than disable.) 
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Issue 
W-CH(01} Start I/O CCW2 

CCWI r----. Routine --+ 
Routine 

Unit 
Select f-;---to 
Routine 

I 
CCI,AI 

Status In 

Write 
Fetch 

\ 
( 
) 

End 
Update 
Routine 

A-clock Sequencing lOT ~ 
Sequence 

CPU Single Step 

FIGURE 107. SELECTOR CHANNEL CLOCK-STEPPING BLOCK DIAGRAM 

Addre .. Data Comments 

0078 FF040000 1/0 new PSW 
007C 00000300 
0300 9COOOCUU SIO--Ctnlachannel and unit addrell 

of acratch tape 
0304 47FOO304 Unconditional branch to 304 
0400 01000501 CCW 
0404 20000100 

3. Set selector channel display switch to channel 
number of scratch tape. 

4. Press PSW RESTART and observe that the 
scratch tape moves. 
Any or all of the five following routines may now be 
stepped through. (Make sure the tape is moving as 
each routine is started.) 

Start I/O (CCWl) Routine IOP201 

ROS Channel 

1- Set ROS addrell 010 in the 
ltOrage data keys. 

2. Set ROS addre. compare 
JWitch to STOP. 

3. Pre. SYSTEM RESET and PSW 
RESTART. 

4. Set rate switch to SINGLE 
CYCLE. 

5. Set addrell key 11 on, 9 and 
100ffl press ENTER. 

6. Prell START. 
7. Pre. START. 
8. Set addre. keys 10 and 11 on, 

9 off; prell ENTER. 

110 (3/11) Model 50 FEMM 

010 

AAB 
AAA 

CCW1, CCO 

CCW1, CCO, AO 

CCW1, CCO, A1 

CPU Pr ocess 

Action 

9. Set addrell key 10 on, 9 and 
11 off; prell ENTER. 

10. Set addreu key 11 on, 9 and 
10 off; preIS ENTER. 

11. Press START. 
12. Prell START. 
13. Set addrell key. 10 and 11 on, 

9 off; pres. ENTER. 
14. Set addrell key 10 on, 9 and 

11 off; pell ENTER. 
15. Set all adarell keys off; pres. 

ENTER. 
16. Set rate switch to PROCESS. 

CCW2 Routine IOP202 

1. Set ROS address 030 in the 
storage data key •• 

2. Set ROS addren compare 
switch to STOP. 

3. Set rate switch to SINGLE 
CYCLE. 

4. Set addren key 11 on, 9 and 
10 off; prell ENTER. 

5. Pre. START. 
6. Prell START. 
7. Pre. START. 
B. Set addre. keys 10 a. i 11 on, 

9 off, prell ENTER. 
9. Set addrell key 10 on, 9 and 

11 off; prell ENTER. 
10. Set addrell key 11 on, 9 and 

10 off, prell ENTER. 

Interrupt 
Routine 

A-clock Sequencing 

CPU Single Step 

ROS Channel 
AddreilS Time 

CCW1, CC1, CS 

CCW1, CCl 
ABB 
ABO CCW1, CC1, AO 

CCW1, CC1, Al 

CCW1, CC2, CS 

ROS Channel 

030 CCW2, CCO 

ASl 
ADO 

ABS CCW2, CCO, AO 

CCW2, CCO, A1 

CCW2, CC1, CS 

CCW2, CCl 



ROS Channel 

~ Address Time 

11. Press START. A24 CCW2, CC1, AO 

12. Set address keys 10 and 11 on, 

9 off; press ENTER. CCW2, CCl, Al 

13. Sd address key 10 on, 9 and 

11 off; press ENTER. CCW2, CC2, CS 

14. Set address key lion, 9 and 

10 off; press ENTER. CCW2, CC2 

15. Press START. BA2 

16. Press START. 03C CCW2, CC2, AO 

17. Set address keys 10 and lion, 

9 off; press ENTER. CCW2, CC2, Al 

18. Set address key 10 on, 9 and 

11 offj press ENTER. CCW2, CC3, CS 

19. Set address key lion, 9 and 

10 off; press ENTER. CCW2, CC3, AO 

20. Set address keys 10 and 11 on, 

9 off; press ENTER. CCW2, CC3, Al 

21. Set address key 10 on, 9 and 

11 off; press ENTER. CS 

22. Set all address keys off; 

press ENTER. 

23. Press START. 940 

24. Set rate switch to PROCESS. 

Unit Select Routine IOP211 

Note: Since the unit select routine does not have an 
associated ROS routine, it is impossible to ROS stop 
at the beginning of W1it select. The following pro
cedure will stop near the end of the CCW2 routine, 
step through to the end, and go to the beginning of 
the unit select routine. 

1. 

2. 

3. 

4. 

5. 
6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

Set ROS address BA2 in the 

storage data keys. 
Set ROS address compare 

switch to STOP. 

Set rate switch to SINGLE 

CYCLE. 

ROS 

~ 

Set address key 11 on, 9 and 

10 off; press ENTER. 

Channel 
Time 

BA2 CCW2, CC2 

Press START. 03C CCW2, CC2, AO 

Set address keys 10 and lion, 
9 off; press ENTER. CCW2, CC2, Al 

Set address key lion, 9 and 

10 off; press ENTER. CCW2, CC3, AO 

Set address key lOon, 9 and 

11 off; press ENTER. CS 

Press START. 940 

Set address key lion, 9 and 

10 off; press. ENTER. Unit Sel, CCO, AO 

Set address keys 10 and 11 on, 

9 off; press ENTER. Unit Sel, CCO, A1 

Set address key 10 on, 9 and 

11 off; press ENTER. Unit Sel, CC1, CS 

Set address key 11 on, 9 and 

10 off; press ENTER. Unit Sel, CC1, AO 

ROS 

~ 
14. Set address keys 10 and 11 on, 

9 off; press ENTER. 
15. Set address key 10 on, 9 and 

11 off; press ENTER. 

16. Set address keys 9 and 11 on, 

10 off; press ENTER. 
17. Set address keys 9, 10, and 11 

on; press ENTER. 

18. Set address keys 9 and 10 on, 

11 off; press ENTER. 

19. Set all address keys off; press 
ENTER. 

20. Set rate switch to PROCESS. 

End Update Routine IOP209 

Channel 
Time 

Unit Sel, CC1, Al 

Unit Sel, CC2, CS 

Unit Sel, ITDl 
and not ITD2 

Unit Sel, ITD2 aDd 
not ITD3 
Write fetch ITDI 

and not In Tag 

ROS Channel 

1. Set ROS address OOC in the 
storage data keys. 

2. Set ROS address compare 
switch to STOP. 

3. Set rate switch to SINGLE 
CYCLE. 

4. Set address key 11 on, 9 and 
10 off; press ENTER. 

., 5. Press START. 

6. Press START. 

7. Set address keys 10 and 11 

on, 9 off; press ENTER. 

8. Set address key 10 on, 9 and 

11 off; press ENTER. 

9. Set address key lion, 9 and 

10 off; press ENTER. 

10. Press START. 

11. Press START. 

12. Set address keys 10 and lion, 
9 off; press ENTER. 

13. Set address key 10 on, 9 and 
11 off; press ENTER. 

14. Set address key 11 on, 9 and 
10 off; press ENTER. 

15. Press START. 

.... 16. Set rate switch to PROCESS. 
..... 

Interrupt Routine IOP210 

ROS 

DOC 

B4E 

BBS 

BC4 

B35 

03C 

~ Address 

1. Set ROS address 004 in the 

storage data keys. 

2. Set ROS address compare switch 
to STOP. 004 

3. Set rate switch to SINGLE 
CYCLE. 

4. Set address key 11 on, 9 and 
10 off; press ENTER. 

5. Press START. AOO 
6. Press START. A99 
7. Set address keys 10 and 11 

on, 9 off; press ENTER. 

Time 

End Up, CCO 

End Up, CCO, AO 

End Up, CCO, A1 

End Up, CC1, CS 

End Up, CCl 

End Up, CC1, AO 

End Up, CC1, Al 

End Up, CC2, CS 

End Up, CC2 

Channel 
Time 

Irpt, CCO 

Irpt, CCO 

Irpt, CCO, AO 

Irpt, CCO, Al 
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~ 

8. Set addrell key 10 on, 9 and 
11 off; pre .. ENTER. 

9. Set addre .. key 11 on, 9 and 
10 off; pre .. ENTER. 

10. Pre .. START. 
11. Pre .. START. 
12. Set addre .. keys 10 and 11 on, 

9 off; pre .. ENTER. 
13. Set addrell key 10 on, 9 and 

11 off; prell ENTER. 
14. Set all addre .. key:s off; press 

ENTER. 
15. Prell START. 
16. Pre •• START. 

ROS Channel 

~ ~ 

Irpt, CC1, CS 

Irpt, CCl 
AA7 
AC2 Irpt, CC1, AO 

AM 
03C 

Irpt, CCl., Al 

Irpt, CC2, CS 

Instruction Scan 

The interface portion of the interrupt routine is now 
complete. Continue single cycle to observe CSW 
store, exchange of PSW, and return to I-fetch. 

1052 ADAPTER/PRINTER-KEYBOARD 

Singleshot Adjustment 

1. Turn off motor switch (located under type
writer); press not ready key on typewriter console. 

2. Enter ROS address 200 in the data keys; set 
ROS repeat switch on; press start pushbutton. The 
IAR should be rippling. 

Tiedown SS Telt 
to ground Page Delignation Point Duration 

G7803 PG 601 5S I F6004 +700", 

G7B03 PG 601 SS 2 F6DOS +2001'11 

E7B03 PG 601 SS 04 F6803 + 200"" 

* PG 601 S55 OS 803 + 211m1 
-----

* PG 601 SS 6 F6808 + SOON 

. PG 601 S5 7 F6DII +200"" 
-.. PG 621 Alarm D7D06 - 30rm 

Pull G5 PG 621 Ready G7D12 - 200", 

'Pull M3 (PG631) } 

F6D09 to ground (PG 6041 Ch 04) 
F6812 to ground (PG 631 8LJ.4) Thele pullel ma~ be diffi.cu.1t to I". 
1052 In CE mode read condition. Proper ICOpe od,ustment II Important • 

•• Panel change this point only. 

FIGURE 108. 1052 SINGLESHOT TIMING PROCEDURE 

112 (3/11) Model SO FEMM 

I 

3. Adjust singleshots in Figure 108 (all test points 
are on ClE4 panel). Connect a long jumper from 
1A:-BIG4D06 to input point called out in the procedure 
(RA011 SAR 15). Measure all timings at the 1. 5 volt 
level. See Figure 109 for 1052 read flow chart. 

Switch and Indicator Check 

1. Set motor switch on (located under typewriter). 
2. Set the following typewriter switches on: CE 

mode and Cont Write; continuous printing of 0 A 0 A 
etc. should occur. While the 1052 is printing recheck 
and re-adjust (if necessary) all singleshots. 

3. The following indicators should be on: Write, 
Printer, Busy, and Upper Case. 

4. Set switch to read position; read indicator 
and read proceed indicator should come on. 

5. Type all characters on keyboard and check 
printout. Check carriage return key and the fact 
that the right-hand margin forces a carriage return. 
Ensure that last character typed on extreme right
hand side does not type over character next to it. 

6. Put 1052 on line. Ensure that 1052 is in upper 
case. Press power off pushbutton; press power on 
pushbutton and ensure that intervention required 
indicator is on. (Power on reset "turns off equipment 
check on the 1052.) Press ready pushbutton on the 
1052 and ensure that the ball on the 1052 rotates 1800 

and that the intervention required indicator goes off . 

Input 
Tolerance Adjust Point 

: 35"" CPG7 G7B07 

: 10", LPG7 G7B07 

+0 to -lOre CPE7 E7B07 

-0 +1.o4ml CPD7 07010 

:. 2S", LPE7 07010 

!: lOre UPE7 07010 

: I.Srm LPD7 D4M5812 

: IOns UPG7 D5D06 



Yes No 

FIGURE 109. 1052 READ SEQUENCE 

Service Checks. Adjustment and Removal Procedures (3/71) 113 



EMULATOR SERVICE AIDS 

1410/7010 EMULATOR DELAYS 

Figure 110 shows the selector channel delays and 
adjustments for the 1410/7010 Compatibility Feature. 

1410/7010 DISK CONVERSION 

2302 Disk Storage Map 

The following map of the 2302 Disk Storage shows 
the track allocation used by the 1410/7010 Emulator: 

From Through 
Cylinder/ Cylinder/ 
Head Head FWlction 

0-0 0-39 Contailll standard information 
(initial program loader, volume 
label, etc.) 

0-40 218-11 1301 emulation area 
218-13 245-45 Unwed by the emulator 
246-0 249-45 Altemate track area 

2302 Track Correspondence 

The 1410/7010 Emulator uses sequential tracks on 
the 2302 Disk Storage. The location of a 2302 track 
corresponding to a particular 1301/2302 track may 
be determined by using the f.ollowing algorithm: 
(1301/2302 track address + 40) + 46 

Quotient = 2302 cylinder number 
Remainder = 2302 head number 

Example: 
1410/7010 1301/2302 track address = 1000 
(1000 + 40) + 46 = 22, remainder = 28 
Therefore: 2302 address is cylinder 22, head 28. 

2314 Disk Storage Map 

The following map of the 2314 Disk Storage shows the 
track allocation used by the 1410/7010 Emulator: 

114 (3/71. Model 50 FEMM 

From Through 
Cylinder/ Cylinder/ 
Head Head Function 

0-0 0-19 Contailll standard information 
(initial program loader, volume 
label, etc.) 

1-0 198-19 1301/2302 emulation area 
199-0 199-19 Unused by the emulator 
200-0 202-19 Altemate track area 

~ Four 2314 drives are required for each 
1410/7010 access; however, only three drives are 
physically used by the emulator. Drive 1 contains 
1410/7010 tracks 0000-3959, drive 2 contains tracks 
3960-7919, and drive 3 contains tracks 7920-9999. 
Drive 4 is available for any function the user desires. 

2314 Track Correspondence 

The 1410/7010 Emulator uses sequential tracks 
spread across three 2314 drives, omitting the first 
and last cylinders on each drive. The location of a 
2314 track corresponding to a particular 1301/2302 
track may be determined by using the following 
algorithm: 
(1301/2302 track address)+ 3960 

Quotient = Relative device number 
Remainder = Relative track number within the 

2314 device 
Add 20 to the remainder (to bypass cylinder 0). 
Divide this sum by 20 (number of tracks per cylinder 
within a 2314 device). 

Quotient = 2314 cylinder number 
Remainder = 2314 head number. 

Example: 
1410/7010 1301/2302 track address = 1000 
1000 + 3960 = 0, remainder = 1000 
(1000 + 20) + 20 = 51, remainder = 0 
Therefore: 1410/7010 track address 1000 is located 
on the first 2314 drive, cylinder 51, head O. 



-

1 
i 
u 

Type 01 O"loy 

5vc Out 

Svc Out 

Svc In 

Svc I" 

In Tog 

O~t Tn'] 

Select Out 

Lute Reg De loyed 

S"c Out 

Svc In 

Svc In 

In Tog 

Out Tog 

Select Out 

X£621 

XE621 

XE631 

Xf631 I 
I 

X[641 

X[651 

I Xf661 

l- _XE'21 

Xf801 

X[801 

XE811 

XE811 

XE821 

XE831 

XEB41 

fiGURE 110_ 1410/7010 EMULATOR DELAYS 

1-

Locntion 

02C-E4G3AI 

02C-f4G381 

02C-E4H3Al 

02C-E41:381 

02C-E4[3A I 

02C-E4E381 

02C-E4L681 j 
02C-E4L6Al -

------ ---- -------- - ---

0IY-P4G3Al 

0IY-P4G3Bl 

0IY-P4H3Al 

01Y-P4H381 

01 Y- P4[3A 1 

0IY-P4£381 

01 Y-P4L6Bl 

I 

i 

1410/7010 DIAGNOSE INSTRUCTION ADDRESSES 

Instruction ROS Address CAS Pa~e 

Unl< Bad AB1 QR181 

Special Scan A36 QR900 

Start I/O AB8 QR920 

Device Table Search ADS QR930 

CCW Create ABS QR910 

START I/O DIAGNOSE INSTHllCTION 

Under normal System/:WO operation, when a start 
I/o instruction is given. bit positions 4 through 7 01 

the channel address word (CAW) must 80ntain zeros, 
and bit positions 38 and 39 of every channel command 
word (CCW) except one specifying transfer in channel 
must contain zeros. If either of these restrictions is 
violated, program check is stored in the channel 
status word. 

The start I/O diagnose instruction inhibits normal 
validity checks vf bits 4 through 7 of the CAW and bit 
38 and 39 of CCW. Instead, these bits are used for 
translator control. CAW bi t 5 must be on if the start 
I/O diagnose instruction is used; otherwise, a pro
gram check indication is stored in the channel status 
word (CSW). 

Setting Te~t Point 

125 

lOa 

125 

lOa 

F ixed ~etting 

Fixed Setting 

Fixed Sett ing 

Fixed Sett ing 

SCI Fixed Setting 

!i0 Fixed Setting :: --+_. ~:7:d,:~;~:, 
125 

100 

125 

100 

50 

50 

60 

----

--1--- --- __ i><_E52~2~~) ----
Fixed Setting 

Fixed Setting 

I Fixed Sett ing 

i Fixed Setting 

,
I Fixed Setting 

Fixed Setting 

Fixed Setting 

CAW Bits 

4-7 

0100 

0101 

0110 

0111 

1100 
1101 

1110 
1111 

CCW Bits 

38-39 -----
00 
01 

10 
11 (read op) 

11 (write op) 

Meaning 

Tape move mode 

Disk move mode 
Tape load mode 

Disk load mode 

Tape move mode, odd parity 
Illt:gal 

Tape load mode, odd parity 
Illegal 

Meaning 

No translation 
Meaningless results 

Tape or disk load mode, read 
Tape or disk move mode and wordmark 

preservation 

Write translation 

There is one parameter for the start I/O diagnose 
instruction. The" x" in the general diagnose instruc
tion format specifies a GPR that contains the channel 
and unit address (in the low-order 11 bits) of the I/O 
device to be used. 

7070/7074 OPERATION CODES 

Figure 111 is a list of emulated operation codes for 
7070/7074 systems. 
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S,O,1 Abbreviation Name Digit 4 - Digit 5 Digits 6,7,8,9 Comments 

.. 00 H8 Ha It and 8ranch Not used Branch address Ned imtructian from PR 6-9. 

-00 HP Holt and Proc.eed Not uled Not used Ne)(t instruction from IC. 

+01 8 Branch Not used Branch oddresl Unconditional branch wi thout holt; 
ne)(t instruction from PR 6-9. 

-01 NOP No Operation Not uled Not used Next instruction from IC. 

+02 BLX 8ronch and Load Location in Index Word Index Word for storing IC Bronch address Conte nil of IC are stored in inde)( 
word, positions 2-5. 

+03 CD Compare Storage to Digit Value compared POIition to be compared Address of data Tums on high, low, or equal 
indicator. 

-03 Sign Control Sign value Operation: Compare operations turn on high, 

CSA Compare Sign to Alpha 3,6, or 9 O. Compore Address of data for operations low, or equal indicator: 

CSM Compare Sign to Minus 
1. Make 0-1 

CSP Compare Sign to Plus 
2. Sign change sense Not used for operations 2 and 3 Highest +9999999999 

MSA Make Sign Alpha 
3. Sign change stop +0000000000 

MSM Make Sign Minus 
4. Sign change test Branch address for operation " -0000000000 

-9999999999 
MSP Make Sign Plus @9999999999 
SMSC Operation 2 Lowell @OOOOOOOOOO 
HMSC Operation 3 
BSC Operation 4 

"08 
-08 Unemulated 
+09 Operationl 
-09 

+10 BZI Branch if Zero in Accumulator I Not used Branch oddress Sign is Ignored. 

-10 BMI Branch if Minus in Accumulator 1 Not used Bronch addre .. Contents ore ignored. 

+11 BVI Branch if Overflow in Accumulator 1 Not used Branch address If overflow indicator is on, bronch 
and turn it off . 

-11 ZSTl Zero Storage ond Store Accumulator 1 Field definition Address of data 

·12 STl Store Accumulator I Field definition Address of data 

-12 STDI Store DigiU from Accumulator I and Field definition Address of data 

Ignore Sign 

+13 ZAI Zero Accumulator 1 and Add Field definition Address of data 

-13 ZSI Zero Accumulator 1 and Subtract Field definition Address of data 

"4 Al Add to Accumu lotor 1 Field definition Addre. of data 

-14 SI Subtract from Accumulator 1 Field definition Address of dota 

+ 15 CI Compare Accumulator I to Storage Field definition Address of data Sets high, low, or equal indicator. 

-15 CA Compare Absolute in Accumulator 1 to Field definition Address of data Sets high, low, or equal indicator. 

Absolute in Storage 

+16 ZAA Zero Accumulator I and Add Absolute Field definition Address of data 

-16 ZSA Zero Accumulator 1 and Subtroct Absolute Field definition Addrell of data 

+17 AA Add Absolute to Accumulator 1 Field definition Address of data 

-17 SA Subtract Absolute from Accumulator 1 Field definition Address of data 

+18 ASI Add to Storage from Accumulator 1 Field definition Addrell of data 

-18 SS 1 Subtract Accumulator 1 from Storage Field definition Addrell of data 

+19 AASI Add to Absolute Storage from Accumulator Field definitian Addrell of data 

1 

+20 8Z2 Bronch if Zero in Accumulator 2 Not used Branch addr .. s Sign il ignored. 

-20 BM2 Branch if Minus in Accumulator 2 Not uled Branch oddr .. Contentl or. ignored. 

+21 BV2 Branch if Overflow in Accumulator 2 Not used Branch oddre .. If overflow indicator is on, branch 
and turn if off. 

-21 ZST2 Zero Storage and Store Accumulator 2 Field definition Addrell of data 

.. 22 ST2 Store Accumulator 2 Field definiticn AddreD of data 

+23 ZA2 Zero Accumulator 2 and Add Field definition Addre. of data 

-23 ZS2 Zero Accumulator 2 and Subtract Field definition Addre" of data 

+24 A2 Add to Accumulator 2 Field definition Address of data 

-24 S2 Subtract from Accumulator 2 Field definition Addre" of data 

+25 C2 Compare Accumulator 2 to Storage Field definition Address of data Sets high, low, Or equal indicator. 

+28 AS2 Add to Storage from Accumulator 2 Field definition Addr .. of data 

-28 SS2 Subtract Accumulator 2 from Storage Field definition Addrell of dato 

+29 AAS2 Add to Ab.olute Storage Field definition Addr ... 01 4ata 

+30 BZ3 Branch if Zero In Accumulator 3 Not VIed Branch addr .. Sign il Ignored. 

-30 8M3 Branch if Minus in Accumulator 3 Nat used Branch addr"1 Contents are ignored. 

+31 BV3 Bronch if Overflow in Accumulator 3 Not used Branch addr ... If overflow indicator il on, branch 
and turn it off. 

-31 ZST3 Zero Storage and Store Accumulator 3 Field definition Addre. of data 

+32 ST3 Store Accul1lulator 3 Field definition Addr ... of data 

-32 STD3 Store Digiti from Accumulator 3 and Field definition Addr ... of data 

Ignore Sign 

FIGURE 111. EMULATED 7070/74 OPERATION CODES (PART 1 OF 4) 
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5 0 1 

+33 

-33 

+34 

-34 

·35 

·38 

-38 

+39 

+40 

-40 

+41 

-41 

··43 

+44 

-44 

'45 

-45 

·46 

-46 

+47 

-47 

+48 

-48 

,·49 

-49 

+50 

-50 

+51 

+53 

-53 

+54 

+55 

Abbreviation 

ZA3 

ZS3 

A3 

53 

C3 

AS3 

SS3 

AAS3 

BL 

BH 

BFV 
SMFV 
HMFV 

BE 

BCX 

BXN 

BXM 

XL 

XU 

XZA 

XZS 

XA 

Z5 

XSN 

XLiN 

SIX 

BOX 

S RN 
SRRK 
SLN 
SLC* 

SR 
SRR 
SL 
SLC 

S RS 
SLS 
SRS 
SLS 

M 

D 

PC 

Name 

Zero Accumulator 3 and Add 

Zero Accumulato. 3 and Subtract 

Add to Accumulator 3 

Subtract from Accumulato. 3 

Campa. e Accumulator 3 to Storage 

Add to Storage from Accumulator 3 

Subtract Accumulotar 3 from Storage 

Add to Absolute Storage from Accumulator 
3 

Branch if Low 

Branch if High 

Field Overflow Control 

Branch if Equal 

Branch Compared Index Word 

Branch if Index Word Indexing Portion 
is Non-Zero 

Bralch if Index Word is Minus 

I ndex Word Load 

Index Word Unload 

Index Word Zero and Add to Indexing 
Portion 

Index Word Zero and Subtract from 
Indexing Portion 

Index Word Add to Indexing Portion 

Index Word Subtract from Indexing 
Portion 

Index Word Set Non-indexing 

Index Word Load with Interchange 

Branch Incremented Index Word 

Branch Decremented Index Word 

Shift Control 

Coupled Shift Control 

Branch on Alteration Switch or Channel 
Busy 

Multiply 

Divide 

Inquiry Control 

Priority Control 

Digit 4 - Digit 5 

Field definition 

. Field definition 

Field definition 

Field definition 

Field definition 

Field definition 

Field definition 

Field definition 

Not used 

Not used 

Not used Operation: 
O. Test 
1. Sense 
2. Stop 

Not used 

Operand index word 

Operand index word 

Operand index word 

Operand index word 

Operand index word 

Operand index word 

Operand index word 

Operand index word 

Operand index word 

Operand index word 

Operand index word 

Operand index word 

Operand index word 

Index word for shift and count 

Index word for shift 

Operation: 
Switch 1-4 
Sync or Chon 1-4 
O. Alteration switch 
1. Sync busy 
2. Channel busy 

Field definition of multiplier 

Field definition of divisor 

Unemulated operation 

4: Not used 
5: Mask register 0 or 1 

FIGURE 111. EMULATED 7070/74 OPERA liON CODES (PART 2 OF 4) 

Digit,6,7,8,9 

Address of data 

Address of data 

Address of dato 

Address of dato 

Address of doto 

Address of data 

Address of data 

Address of data 

Bronc h address 

Branch address 

Branch address in 
operation 0; not used for 
operations 1-2 
operations 1-2 

Branch address 

Branch address 

Branch address 

Bronc h address 

Address of dato 

Address of data 

Four-digit factor 

Four-digit facta. 

Four-digit factor 

Four-digit factor 

Four-digit factor 

Addres> of data 

Bronc h address 

Bronc h address 

Ace. Opn. Length 
0-3) of shift 

(00-10) 

Digit Opn. Length 
position of shift 
fo. split; (00-20) 
o for 
normal 

Brunch address 

Address of multipl ier 

Address of divisor 

Address of priority mask 

Comments 

Sets high, low, or equal indicator. 

Tests the low indicatol 

Tests the I.igh indicator 

Test operation "'sts field overflow 
indicator. 

Tests the equal indicator 

Sign and the other six digit positions 
are i gnort>d. 

Contents are ignored. 

Sign is set to plus and the other six 
digits are unchanged. 

Sign is set to minus and the other six 
digits are unchanged. 

Sign may change; other position. ore 
unchanged . 

Sign may change; other positions ore 
unchanged. 

Sign and the other ,ix digits are 
unchanged. 

Positions 2-5 and 6-9 are 

interchanged. 

Branch .f indexing portion 
(j IIcremented by 1) is not greater 
than non-indexing portion. 

Branch if decremented index i ng 
portion is not brought to zero or 

beyond non-indexinq value. 

'Operation: 
O. Shi ft right 
I. Shift right and round 
2. Shift left 
3. Shift left alld count 

kOperation, normal: 

O. Shift right 
J. Shift right and round 
2. Shift left 
3. Shift left and count 

'Opemtion, spld' 
4. Shift right from point Ace I. 
5. Shift left from point Acc I 
6. Shift right from point Acc 2 
7. Shift left from pelint Acc 2 

Beginning: Multiplicand in 
Accumulator 3. 

End Product in Accumulators 
1 and 2; multiplicand in 
Accumulator 3. 

Beginning: Dividend;n Accumulators 
1 and 2. 

End Quotient in Accumulator 
2, rem.:linder in 
Accumulator 1; divisor 
in Accumulator 3. 

0- Allow; 1 - Mask 
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5,0,1 Abbreviolion Nome Digil 4-Digit 5 Digih 6,7,8,9 Comments 

.. 56 ENA Edit Numeric 10 Alphameric Addre .. of fillt record ROW defines alpha area. 
definition word 

-56 ENS Edit Numeric to Alphameric with 
Sign Control Index word, in which 2-5 locates fill~ Addre .. of fint record ROW defines alpha area. 

numeric word definition wcrd 

t57 ENB Edit Numeric to Alphameric with Addre" of fint record ROW defines alpha area. 

Blank Insertion definition word 

-57 EAN Edit Alphameric to Numeric Addre" of first record ROW defines alpha area. 
definition word 

+60 Stacking latch Tell Stacking latch: Branch address 
BAl 00 Any stack ing latch 
BUL 01 Unit record A 
BUl 02 Unit record B 
BTL 10 -19 Tape units 0-9 sync 1 
BTL 20 - 29 Tope units 0-9 sync 2 
BTL 30 - 39 Tape units 0-9 sync 3 
BTL 40 - 49 Tape units 0-9 sync 4 

+61 Electronic Switch Control Operation: Switch Branch addresl Controls the ten Iwitchel in word 

BES O. Test Number 0101. 

ESN 1. Turn on (0-9) 

ESF 2. Turn off 
BSN 3. Test ond turn on 

BSF 4. T.I and turn off 

-61 Stocking latch Set Stock ing latch: Not used 

ULN 01 Unit record A 
ULN 02 Unit record B 
TLN 10-19 Tape unitl 0-9 sync I 

TLN 20 - 29 Tape unih 0-9 sync 2 
TLN 30 - 39 Tope unih 0-9 sync 3 
TlN 40 - 49 Tope units 0-9 sync 4 

+62 Electronic Switch Control See +61 Cantrall the ten switches in word 
0102. 

-62 Stock ing latch Reset Stocking latch Not used 
ULF Some as -61 
TlF 

+63 Electronic Switch Control See +61 Cantrall the ten Iwitches in word 
0103. 

+64 PR Priority Release Not used Bronc h addre" Branch address is Uluolly 0097 . 

+65 RS Record Scatter Indel< word, in which 2-5 locates fint Addre" of fint record ROW defines receiving area. 
transmitting word definition word 

-65 RG Record GQth.r Index word, in which 2-5 locates fint Address 01 fint record ROW defines tranlmitting area. 
receiving word definition word 

+66 lL Lookup lowest Field definition Address of fint ROW Entire table is always searched. 

+67 LE lookup Equal Only Field definition Addr .. 01 flnt ROW Index word 98: 
Positionl 2-5, found addre .. 

+68 LEH Lookup Equal or High Field definition Addre" of fint ROW Positionl 6-9, increment 

+69 Unit Record Control Sync Operation: Addr .. 01 fint ROW IC + 1 Error 

US (1-3) O. Set PES IC + 2 EOF (not punch) 

UR 0-3) 1. Read (7500) IC + 3 Normal 

(4) 1. Read (7501) 

UW/UP (1-3) 2. Write or Punch 

UWIV/UPIV (1-3) 3. Wrlte or Punch invalid IC + 1 

TYP (0) 4. Type IC + 1 Error IC + 2 Normal 

+70 FBV Floaling Bronc:h Overflow Not used Branch oddr.l T.h the floating decimal overflow 
indicator. 

-70 FBU Floating Branch Underflow Not used Branch oddr.l T.ts the floating decimal 
underflow indi cator. 

+71 FR Floating Round Not used Not used 

+73 FM Floating Multiply Not used Addre. of multiplicand 

-73 FD Floating Divide Not uled Addre" of divilOr 

+74 FA Floating Add Nat used Addre" of data Accumulator 2 cleored at start. 

-74 FS Floating Subtract Not used Addre. 01 data Accumulator 2 cleared at Itort. 

+75 FZA Floating Zero and Add Not uled Addre" of dato 

-75 FDD Floating Divide Double Precilion Not used Addr .. 01 dlv IlOr 

+76 FAD Floating Add Double Precision Not used Addr .. of data Accumulator 2 not cleared at start. 

-76 FADS Floati"" Add Double PJeclslon SUW" Not used Addr .. 01 data 

Normalization 

+n FAA Floating Add Absolute Not used Addr .. 01 dato 

-n FSA Flooting Subtract Absolute Not Uled Addr .. 01 data 

FIGURE 111. EMULATED 7070/14 OPERATION CODES (PART 3 OF 4) 
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SOl Abbreviatior. Name Digit 4- Digit 5 Digits 6,7,8 9 Comments 

+81 Tape Contrail Tnpe unit Operation: if position 5 is not 0, address of 
-81 TR* (0-9) 1. Read first ROW. 

TRR* 2. Reod per RM 
TW· 3. Write 
TWR* 4. Write per RM 
TWZ* 5. Write with zero elimination 
TWC· 6. Write pet' RM and zero 

elimin(ltion 
TSF- 7. Segment forwardsp(lce per 

count 
TSS- B. Segment backspace per 

count 
TRA', .. 9. Re(ld (Iii alpho 

O. OperCltion in position 9 
TSEL + Priority O. No-op select 
TM" -No Priority 1 • Write tape mark 
TRW 2. Rewind 
TRU 3. Rewind/unload 
TRB 4. Backspace 
TSM* 5. Write tape segment mark 
TSK 6. Skip 
TEF 7. Turn off EOF 
TSLD 8. Set low density 
TSH!) 9. Set high density 

• May set a stacking latch 
, • May be treated (IS a Read 

+82 Same as .. 81 
-82 except other 
+83 sync is used 
+84 
-84 

Note: All other 7070/74 oper(ltion codes ore unemvlated. 

FIGURE 111. EMULATED 7070/74 OPERATION CODES (PART 4 OF 4) 
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POWER SYSTEM SERVICE CHECKS 

• Figure 112 shows the power-on sequence. 

• Figure 113 shows the power-off sequence. 

• YB401 shows how to adjust the overvoltage refer
ence potentiometers. 

This suppl ies 25v bios 
to regulators and 
+2Ov and ·20v to 
overvoltage/undervoltage L..:..=~::::..:.,,.-___ ..J 

Pick K4 Input to Inv/. 
Can" Sq Wove to Group I 
+9 Levels Up, Pick K31 
·3 Levels Up, Pick K32 
6v at 5. 2v, Pick K35 

-3, + 6 vde on Req (l) 

Check +Voltoges 

Converter-Inverter 

, When'the converter-inverter fails, the circuitry can 
be checked rapidly with an oscilloscope and an ohm
meter. The oscilloscope is used to check the silicon
controlled rectifier (SCR) gate signals and the ohm
meter is used to check the other rectifiers. 

Pick K 1 Group III 
4 -60 voitsuppliM +30 voltst-____________ --, 
One voltage Up, Pick K33 
All voltages Up, Pick KJ.4 

Group I Voitoges 
1-12 volts R12 
1-3 volts R7, RIO 
3+3 volts R2, R5, R6 
4+6 volts Rl, R3, R4, R~ 

Group III Voltages 

260 volts Z voltages R15, R17 
256 volts x-v voltages R 14, R 16 
I + 30 volts R II 

Group IV Voltages 
1+48 volts R9 
All Adopter voltages 

K 19 K33 5 Sec after 
Picks Picks 6OZ1 co 40 Volts 

OICMK3D07~r--J 

Emulator -I 
I 

1-12 Volts RIB I 
1+3 Volts R19 I 
1+6 Volts R20 .J 

>--J..J.II..----~and + AND t------+I 

0ICA4C3804 ------",: r--J 
Sense Circuit 

FIGURE 112, POWER ON SEQUENCE 
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Thermal, 
C8 Trip, 
OveNoltage or 
Unde Nol tage 

System Off 

Kl drops 
K34 drops on first voltage and.drops K2 
K33 drops when last spec down 

FIGURE 113. POWER/DC OFF SEQUENCE 

Test 0) Points 

Across test poinh 2 and 4 
(Tests SCR 1 and SCR 2) 

6 usee 

Across test points 1 and 3 
(Tests SCR 3 and SCR 4) 

FIGURE 114. CONVERTER-INVERTER TESTPOINTS AND WAVEFORMS 

SCR Gate Signals 

Always check the SCR gate signals when a failure 
occurs. The gate signals are the most critical 
operating requirement of the inverter. Any abnor
mal variation from the general voltage wave shapes 
shown in Figure 114 will cause the inverter to fail. 
The SCR gate signals are measured when the three
phase input power is off. The large allowable per
centage variations on the gate signal voltages are 
mainly attributable to the correspondingly large 
variations of SCR gate impedance. If all of the 
timing measurements are out of the specified toler
ances, a potentiometer located on the oscillator 
card may be adjusted to give the correct 2. 5-kc 
operating frequency. 

If the SCR gate signals are normal, critical 
components may be checked at the converter-inverter 
terminal boards (Figures 115 and 116) with an ohm
meter. Hemember that a good rectifier has a high 
resistance in only one direction but a good SCR has 
a high resistance in both directions. 

---- - r--+ .----
7 t*itHt +t+~[H+t-·I-I-"t-H·H HHI7 

- -\._- ---. ~---

_ L- 40 usee; 10 usee 

L--------l-.160 usee ± 10 usee 

r--

Notes: 

-- 60 usee 

1. r"wel should be off before removing Ja. 
2. A",plitude of waveforms not critical. 
3. Use scope inputs added algebraically 

Nitl, B probe inverted. 

'20 usee 
-15 usee 

14 usee 

-3 usee I I-

L-
;5.9v 

I. ~ 

~ •... --~-- I--- -- -- I-

t- ,Hf+ t+HI- 1-+++ f-.t+4- H++ t+1+ ~I\ 
I--

._-1-

L 200 usee ----1.-- 200 usee --..I 
Commutate Gate Pulse Unloodecl 

~T' 
- 5.5V 
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Contactor 
Driver Card 

Gate Cards 

Osc Cards 

Rectifier Cards 

Reset Button 

Section G 
Fan fu.e. 

0 
(1/" amp) 

U.e extreme caution when working on the 
converter-inverter. High voltage. are pre .. nt 
throughout the converter-inverter tub 
assembly, including the heat sinks that are 
floating and the SMS card •. 

FIGURE 115. CONVERTER-INVERTER (COVER OFF) 
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TB-7 

Fan 

C on toe tor 

Capacitors (8) 

TB-" 

B J8 

8 

5 6 

G 
3 " 

2 

e 
e 
e 
e Inverter Section 

-i r 
-1 r 

Fuse. 

-' 



FUSE 2 FUSE 1 FUSE 2 FUSE 1 

TB4-3 

=l
~2C T84-1' 

_-t*~H ____ - - ~-----. 
-r==kl--- -.-.---~--.-... -.-

TB4-3 r __ -±J2-C ~ ("4-' 

L--_t_~ __ J 
---~-~ 

SCR2 SCRI 

-----0 T83-1 

--.-.-----0 T83-3 

FIGURE 116. CONVERTER-INVERTER TEST POINTS 

Types of Failures 

Following are the four general classifications of 
failures on the converter-inverter. 

1. Inverter blows fuses on start. 
2. Inverter blows fuses when load is applied. 
3. Inverter blows fuses after running for a 

short time. 
4. Input circuit breaker trips on start. 

Inverter Fuses Blow on Start: If the SCR gate sig
nals are normal, use the following procedure to 
locate the fault. 

1. Remove the converter-inverter cover 
(Figure 115). 

2. Replace the blown inverter fuses. 
3. With all power removed from the machine, 

use an ohmmeter to test the components attached to 
the terminal board terminals in Figure 116 and locate 
the faulty component. Remove the inverter chassis 
if necessary. 

Inverter Fuses Blow When Load is Applied: If the 
SCR g-ate signalo are normal, scope the SCR gate 
signals for noise while the unit is running with no 
load. Also, the turn-off time of a newly replaced 
SCR may not meet the specification. 

Inverter Fuses Blow Mter Running a Short Time: If 
the SCR gate signals are normal, watch for a change 
with temperature rise that comes with the application 
of a load. Check the inverter components per Fig
ure 116. Remove the inverter chassis if necessary. 

I 

J8-4 

Inverter Circuit Breaker Trips on Start: This symp
tom indicates either a short-circuited load or a 
faulty inverter component. Remove the normal load 
to prove whether the load is shorted or not before 
testing for faulty components with an ohmmeter 
(Figure 116). 

Converter-Inverter Fuse Replacement 

The converter-inverter fuses may be reached for 
replacement by removing main power plug PI from 
its socket on the back of the PDU and opening the 
access door. 

Con verter-Inverter Troubleshooting 

Converter-inverter troubles can be worked on with
out any load. For instance, remove P2-P6 and no 
dc voltages will be generated. 

Voltage Regulator Test Points 

Figure 117 shows the meter test points and the ripple 
test points of all the voltage regulators in the 2050 
Processing Unit. The ripple, including noise and 
voltage variation, should not exceed ±4%. 

Changing Voltage Regulators 

Remember that with a normal power-off, the 28 volt 
bias voltage is still present on all voltage regulators. 
To remove this bias voltage in order to change a 
regulator, manually trip circuit breaker 9. 
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Regulator Vol tog I! Ripple Test Point Meter Point 

lA +6 VAR 01AD4G4B09 Gote A-TB-2-4 
lB +6 TC 0IAD4G2D04 Gote A-TB-2-5· 
lC +6 ROS 01CA286Bl1 Gote C-UOBD-12 
2 +3 01AE4M2D03 Gote A-TB-2: 12 
3 +6 0IBB4M2Bll Gote B-TB-2-12 
4 +6 01BA1B2Bll Gote B-T8·-1-12 
5 +3 018B4M2D03 Gote 8-TB-2-8 
6 +3 028A3M2D03 028-TBI-8 
7 -3 01 AE181806 Gote A-T8-1-10 
8 +6 Gate C-U08D-8 Gote C-U08D-8 
9 +48 Feed Thru Capacitor Feed Thru Capacitor 

C-57 in PDU C-57 in PDU 
10 -3 02BA3M2B06 Gote 028- TB-l-l 0 
11 +30 01AD4G2802 Go·te A-T8-2-1 
12 -18 Gate C-UOBD-6 Gate C-U08D-6 
13 +18 M9-8SM 1 TBI-6 M9-BSMI T81-6 
14 +56 M9-8SM 1 TBI-2 M9-BSM 1 TBl-2 
IS +60 M9-BSM 1 TBI-4 M9-BSM 1 TBl-4 
16 +56 M9-BSM 2 TBl-2 M9-BSM 2 TBl-2 
17 +60 M9-BSM 2 TBl-4 M9-8SM 2 TBl-4 

Reg Reg Meter and Ripple 
384K s12K Voltage Test Paint 

1 +60 M9-BSM 3 TBl-4 
2 +60 M9-BSM 4 TBI-4 

2 3 +56 M9-BSM 3 TBl-2 
For 384K or 512K Storage 

4 +56 M9-8SM 4 TBl-2 
3 5 +18 M9-BSM 3 TBl-9 Feature, Located in 

4 6 +3 M9-BSM 3 TBI-13 Power Frame 04 

5 7 -3 M9-BSM 3 TBI-15 
6 8 +6 M9-BSM 3 TBI-ll 

Note: Maximum allowable ripple is !4% of the nominal voltage. Ripple includes voltage 
variation, ripple and noise. 

FIGURE 117. VOLTAGE REGULATOR TEST POINTS 

Voltage Sequence Problems 

To assist in servicing sequence problems, the volt
age sequencing can be stopped in various points of 
its cycle by selectively removing the P2-P6 plugs 
from the converter-inverter. For instance, all 
power except for the 60 volt XV, the 60 volt Z, and 
the -12 ROS voltage can be hrought up and examined 
if P5 and P6 are removed. An examination of the 
YB logic pages shows which regulators are fed from 
each plug. This allows you to inspect certain volt
ages in their proper sequence without possible dam
age to drivers, etc., if one of the logic voltages is 
not functioning properly. 

Plus 18 Volt Sequence Down 

The + 18v should remain up for at least one second 
after the loss of the 56XY or 60Z voltages. Adjust
ing the Re-time constant around the K39 contactor 
core (YB221) controls K39 dropout. The following 
sequence can be used to adjust the resistor: 

124 (3/71) Model SO FEMM 

1. With power down, preset resistor R23 (in 
lower right-hand ac compartment) to half its value. 

2. With the A probe, monitor the 60Z (regulator 
15) at the plus bus. 

3. Sync on the fall of 60 Z and set the scope 
sweep for 1 sec/cm. 

4. Set the scope mode switch to see both A and 
B probes simultaneously (chopped). 

5. With the B probe, monitor the output of the 
18-volt regulator. 

6. Drop power; note the time difference between 
the fall of 60Z and 18-volt supplies. 

7. Set R23 to approximately one-third resistance 
so that the time is at least one second; no harm will 
result if the time is more than one second. To 
lengthen dropout time, increase the resistance of 
R23 (however, if a very high resistance is used, the 
dropout time will be greatly reduced instead of 
lengthened) . 

Once the resistor is set, the difference should be 
checked between all 60- and 56-volt supplies (A 
probe) and the 18-volt supply; there should be a 
delay of at least one second with anyone of the 60 
or 56 supplies. 



Overcurrent Problems 

Overcurrent problems usually cannot be found by 
resistance checking, due to the very low load 
resistance. However, the load can be selectively 
uncoupled by removing laminar bus connections or, 
when the trouble is isolated to a board, by removing 
the bus to jumper plugs one at a time to find the row 
at fault. (Use logic pages YB411 and YB421 to 
assist in finding the proper bus terminals. ) 

Note: Use care in removing voltage regulator 
loads in storage areas. If -3 volts are removed 
and the storage driver voltages are still present, 
the drivers could be ruined. IT a -3 voltage regu
lator overloads on a storage board, remove the 
driver voltages before removing the -3 volt loads. 

Voltage Regulator Problems 

Following is a suggested sequence to use when a 
voltage regulator is causing a problem: 

1. Replace the overcurrent and regulator cards. 
2. Make sure the reed relay on the overcurrent 

card is properly seated. 
3. Checkfor proper bias on the voltage regulator. 
4. Check for proper connections of local or 

remote sensing (or both, if used). 
5. Check remote potentiometer connections if 

used. 
6. Check for 150 vac input. 
7. Make sure that all terminal screws, screws 

on capacitor bus, and screws on feed-through capac
itors are tight. 

8. Replace the voltage regulator. 

Overvoltage Unit Adjustment 

To adjust an overvoltage unit when no external 
adjusting device is available: 

Push to Test 

~ 
<> ,.... ...., 

+ or - Input to 

Battery or .,j~ 
Overvoltage Unit 

A ,.. Under Test 
External ..... 
DC Supply <C 

B ,.. DC Zero Reference ...., 
Measure voltage at points A and B 

FIGURE 118. OVERVOLTAGE ADJUSTMENT 

1. Make sure dc voltage is down. 
2. Remove the overvoltage feed wire from the 

regulator bein.g tested (to prevent feeding dc back 
to the load). 

3. Check that the overvoltage potentiometers on 
the overvoltage unit are adjusted to their proper 
firing level (center arm to dc zero). (See logic page 
YB401. ) 

4. Comlect an external dc supply (or batteries) 
and a SOOO-ohm potentiometer as shown in Figure 118 
to provide a variable input to the overvoltage unit 
under test. 

5. Meter the output pin of the overvoltage unit 
with a voltmeter. (This is the wire that go.es to the 
firing gate on the over voltage unit SCR. ) 

6. Gradually raise the test input voltage with 
the 5000-ohm potentiometer until a dip in voltage is 
noticed at the output. At this point the input can be 
read to tell at what level the overvoltage unit fired 
the SCR. 

7. If the SCR does not fire, check the components 
on the overvoltage unit or readjust the dividers on any 
supply being tested that has an output of over 6 volts. 
(See logic page YB291.) 

Overvoltage occurs when the supplies are at the 
follOWing levels. The voltage sensitivity of the over
voltage card is also shown. 

Supply Upper-limit Overvoltage Card 

602 67} 56XY 67 When divider output is 
48 57 8.5 volts, the card ~enses 
30 36 the overvoltage condition. 
18 22 

-12 -22 
6 8.S 8.5 
3 4.5 4.5 

Phone Jack 

>k===?--+Iee_ve -6 
1 
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Low Voltage AC Supplies 

With a normal power off, 40 vac and 12.6 vac are 
present in CPU. If these voltages are to be re .. 
moved without actuating the emergency power off 
circuit, CB-l should be opened. 

Power Sequencing Relays 

When working with sequencing relays, remember 
not to mix the 18v, 24v, and 48v coils. They all fit 
in each other's socket. For instance, a 6 point 18v 
relay coil will fit in a 6 point 24v socket. 

Dual or Multi System Emergency Power Off (EPO) 

The EPO bypass switch is used to isolate the multi 
system EPO capability. The EPO bypass switch 
should only be activated when a shared control unit, 
channel, storage device, or CPU must be powered 
down and removed from the system configuration 
while the rest of the system is being used. 

In a dual or multi system configuration, if any 
'emergency pull' E PO switch is activated, power is 
removed from all units. A complete description of 
the EPO network for dual or multi systems is 
available in the Original Equipment Manufacturer's 
Information manual, IBM System/360 Power Control 
Interface, GA22-6906. 

Dual System Control 

The EPO circuits of two systems (sharing a control 
unit, channel, or storage device) are interlocked 
with the cable connecting the J47 sockets of each 
system. To remove any unit from the system 
configuration: 

126 (3/11) Model 50 F£MM 

1. Remove power from both systems. 
2. Remove the EPO cables connecting shared 

units and the PDU· which is being isolated (at the 
units) and replace them with dummy plugs. 

3. Remove the E PO cable from socket J 47 of the 
PDU which is not being isolated and replace it with a 
dummy plug. 

4. Power can now be brought up on the remaining 
system. 

5. When repairs are completed, reestablish a 
common E PO network by removing power from all 
units, removing the dummy plugs, and reconnecting 
the E PO cables. 

Multi System Control 

The E PO circuits of three or more interconnected 
CPUs are interlocked by connecting the J47 cables 
from each CPU to the multi-system EPO control box 
(IBM Part No. 5271793). To drop power and remove 
any unit from the system configuration: 

1. Drop power on the CPU to be isolated. 
2. Disconnect all isolated CPU to shared-unit 

EPO cables. This allows any EPO switch except the 
one on the isolated CPU to control the EPO interface 
of the remaining units. 

3. Activate the bypass switch on the multi-system 
EPO control box. 

4. Disconnect the EPO cable between the isolated 
CPU and the multi-systems EPO control box; and 
insert a dummy plug to bypass the isolated CPU. 

5. Deactivate the bypass switch immediately, to 
restore the interlocked EPO capability to the re
mainder of the mUlti-system units. 

6. When the isolated CPU is returned to the E PO 
network, a similar procedure should be used to 
minimize the time that the bypass switch is active. 



This section of the manual concerns itself with the 
packaging of the 2050 Processing Unit and the loqa
tion of components and subassemblies within the 
processing unit. For basic packaging concepts that 
are com~on to all models of the System/360, see 
SLT Packaging, SY23-2800. 

Power Distribution Frame Locations 

Figure 119 shows the locations of the circuit breakers 
and switches in the bottom part of frame 03. 

Figure 121 (Part 1) shows the location of all 
major components in the standard power distribution 
frame (03). Figure 121 (Part 2) shows the location 
of major components in power distribution frame 05 
which is used for the 512K storage feature only. 

Frame and Gate Locations 

The frame and gate locations of the 2050 are shown 
in Figure 120 as are the swing angles of each gate in 
the processing unit for access to the various areas 
of the system. 

Logic Power Supplies 
Regulators 1-12 

Power DC 
On Off 

r1J2]-}J4Is 1617 lsi D /t/l 
Thermal/'/ 
Reset Sw System 

Power Off 
Indicator 

Bottom Section of Power Frame 03 

FIGURE 119. PDU CB AND SWITCH LAYOUT 

Relay and Contactor Locations 

Driver Power 
Supplies 

Inverter/ 
Converter Regulators 

~ 
~ 

13-17 

Figure 122 shows the location of all relays and con
tactors in the processing unit. Note that all of the 
relays and contactors are accessible from the rear 
of the power frame. For access to KI-K4, hinged 

LOCATIONS 

covers must be opened. The remaining relays are 
mounted in a relay gate in the lower right corner of 
the power frame. 

Circuit Breaker Locations 

Figure 123 shows the location of the primary ac cir
cuit breakers in the processing unit. Primary ac 
circuit breakers 1-8 are mounted on a hinged cover 
located in the lower center of the drawing on Figure 
110. The circuit breakers for each individual ser
vice voltage are located with the voltage regulator 
for that service voltage. 

Fuse Locations 

Figure 124 shows the location of the fuses in the 
processing unit. Fuses 1-6 are mounted on a hinged 
cover located in the right lower center of the draw
ing in Figure 124. 

Voltage Regulator Locations 

The voltage regulators that provide the various 
service voltages for the processing unit are all lo
cated in the power frame. Figure 125 shows the lo
cation of each voltage regulator, its systems page 
location, part number, and description. 

Figure 126 shows layout and jumpering of the 
voltage divider assembly. 

Overvoltage Assembly Locations 

Figure 127 shows locations and adjustments of the 
overvoltage assembly. 

I/o Tailgate Locations 

Figure 128 shows locations of the I/O gate termin
ators; Figure 129 shows locations of the interface 
connections. 

I/O Address Cards 

Figures 130-133 show the plugging for address cards 
for the 1442, 1443, 2841, and 2400 TAU, respectively. 
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Storage Frame 0" 
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I 1 

Added for 384K or 512K Stora;e 
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Sto Prot Array (Pn I A3) 

Power Frame 03 
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1 
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I 1 
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I System Control 
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\ 
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CPU / 
Frame 01 / 

/ 
./ 

/ 

/ / 
/ 

/ 

/ 
/ 

/ 
/ 

I __ --ir-----H 10521/0 Panel 

/ 

/ 
/ 

/ 

(Tail Gate) 

Reoding 
Board 

1052 

U/F Coax _---L.I IBM 
Flat 
Cables 

Right-Hand Option 
Shown - Left Also 
Available Cable. 

w/ll/////1/ IIFloor 

Swinging panel 180 de.e. enabl .. one man to 
scope A, I, and C gat. and Ie. control panel 
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FIGURE 120. MODEL 50 FRAME AND GATE LOCATIONS 
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I 
t:J 

-

I T81 

Power Frame 03 

r-
______ ~II ~:~o::t I 

IL,~ 
Voltage Re!ov .. d by .-----..... 
Divider EC 258053 

000 
8 

A 

000 

B A 

00 

B A 

00 

B A 

DO 
-

" 

AIm 

Rglr I 
1-6 var 

+6 TC 

Rglr 2 
r3v 
No. I 

Rglr 3 
+6 ml 

Rglr 4 
+6 m2 

Temp 
Control 

Rglr 5 
+3v 
No.2 

Rglr 6 
-3v 
No. I 

Rglr 7 
-3v 
No.1 

Rglr 8 
+6v 
Non Var 

-

DO 
A 8 

00 
A B 

00 
A B 

00 
A B 

Over
Voltage 

Rglr 9 
+IBv 

8 /1 

DO 
Rglr 10 
-3v 
No.2 

8 A 

00 
Rglr 11 
+30v 

E D C 

000 
Rglr 121 
-7v to . 
-IBv 

E DC 

000 
"-

50 Cycle 

60 Cycle 

Converter ... 
Inverter 

-

Rlllr 13 
+18v 

DOn 
Rglr 14 
+56v 
xv 

8 A 

00 
Rglr 15 
+60v 

Z 

lR~r'8-1 
I -7v to I 
I -18v I 

I : 
I I 

L ___ J 

r--OOl 
I A B I 
I I I I Rglr 16 I 

+56v I 

L'i~_.J 

r--o-m 
iDE I 
I 0 I 
I C I 

C I I o I I 
E D I I 

DO 
IRgir 17 I 
:+6t I 

=-L ___ J 

A Overcurrent 
8 Voltage Adjust 
C Magnetic Amplifier 
D Voltage Adjust 
E Overcurrent 

-------
r---- J49 J50 

line 
Lots 
Detec-

@@ 
~ 

aEJ 
OW 
U

V 

~ 
~ 

~GG~~~ 
~§]§]E18B 
§jBEl~§2][§] 

§2]~~~~~ 
Ga~§JGE][§]~ 

I +60v (Z) Sense I 

Btmg[1TIg 

T81 GDD8~GB~ 
Line 
Los> 
Dectec-
tor 

J49 J50 

©© 

Isolation Transformer 
for Convenience 
Outlets 

,--_24_v_Re_tu_rn_...l11 OV Source 

Voltage _n 
sensesou~ 

FIGURE 121. POWER DISTRIBUTION FRAMES (PART I OF 2) 

Cony 
Out 

00 
QG 

Gnd Bu. 

Relay Gate 

(See above) 
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Po"., F,_. 05 (5121C Fea""e--Eorl1er t.'odeh) 

TOI T02 ICI 1(2 ~ 

~D KJ K4 K5 K6 
_eg 1 
'60Z-1 

Th.,mol R ... , Switch TI6 

k7 1C8 1C9 KIO 0 

~ +18 

[J +60Z-11 

[] .;)y 

cPooo 
t--

c:J 0 
0 

TOI 10 K2 1C3 1C4 

000000 
Til 

K5 1(6 K7 IC. K9 Kl0 

0 0 0 0 0 
STD me 0-321( .'41 THUM 
M~ M~ THE~MlOas ~UET 

(') 
ON ON 

UN~~ 52 VOLTAGE 
ADJUST 

0 ,.1 IE: I CI '-I 
0 L~J t--
C2 

0 
C3 Retu'ator I 
0 ...oV ZIllA 
C4 

R.lalor5 
+18V 11 ... 

0 0 
C5 CI7 

R.g 3 
+56XY-1 

[] .;)y 

Reg 4 
+56XY-1/ [] +6. 

0 
C6 0 
0 

CI8 

C7 _.lalor2 
0 +6OV ZII"'''' 

R.'alor6 

C' 
+3V 40 ... 

g, 
0 
C9 0 
0 C20 

CID 

0 R.'ator3 
R.'alor7 
-3V 40'" 

CII ~VXYl/4'" 

0 
CI2 

0 
U::iJ C21 

0 
CI3 

0 
0 C22 

t" JII, 12 

C14 

0 
•• 'ator4 •• Ialor' 
~VXY"/4'" +6V 40'" 

CI5 
0 
CI6 

0 
C23 

0 
C24 

12 

• Nal uilld 0" lUI( 81 

FIGURE 121. POWER DISTRIBUTION FaAMES (PART 2 OF 2) 
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Contacto; No. System Sheet Number 1-. 
Coil I Contact Points 

I L 1 & T 1 I L2 & T2 I L3&T3. I L4 & T4 

Kl YB221 I YB351 1 Y8351 1 YB341 I' Y8341 

Relay No. System Sheet Number, . 
Coil I Contact Points 

I 1 I 2 I 3 1 4 

K2 YB221 I Spare I Y8341 I Y8341 I Spare 

Contactor No. System Sheet Numbers 
Coil Contact Points 

lA &.18 2A & 28 3A & 38 4A & 48 

K3 YB221 Y8221 YB201 Y8201 VB201 
K4 Y8221 YB201 YB201 Y8201 Y8201 

Y8221 

Relay No. System Sheet Numbers 
Coil Contact Paints 

5 - 6 - 7 8 - 9 - 10 11 - 12 - 13 14-15-16 
f--. 

K5 YB231 Y8271 Y8271 YB271 Y8271 
K6 YB231 Y8271 YB271 Y8271 YB271 

I--
Ki' Y8231 YB271 YB271 YB271 Y8271 
K8 YB231 Y8271 YB281 YB281 Y8281 
K9 YB231 YB281 YB281 YB281 VB281 -
K 10 YB231 VB281 YB281 Y8281 Y8281 I--
KII YB231 Y8281 YB281 YB291 YB291 
K 12 YB231 Y8271 YB271 YB271 YB271 
K 13 Y8231 YB271 YB271 YB271 YB271 
K 14 Y8231 Y8271 Y8271 Y8271 Y8271 
K15 VB231 YB271 YB281 Y8281 YB281 

f---. K 16 YII231 Y8281 YB281 Y8281 Y8281 
KI7 Y8231 Y8281 Y8281 Y8281 Y8281 
K 18 YB231 Y8281 Y8281 Y8291 Y8291 
K19 Y8351 Y8221 Y8221 Spare Spare 

1--.. - K20 Y8341 Spare Y8221 Spare Spare 

K22 Y8261 Y8241 Y8231 Y8331 Y8261 
K23 Y8221 Y8221 YB221 Spare Spore 
K74 YB221 YB221 Y8221 YB231 Spare 
K25 Y8231 YB231 Y8231 YB231 Spare 

f----~26 Y8231 Y8221 Y8231 Spore Spore 
K27 YB231 YB221 YB231 Spare Spore 
K28 YB231 YB221 YB231 Spore Spare 
K29 Y8221 Y8221 Y8291 YB291 Y8351 
K30 Y8221 YBnl Y8231 Spore ~are 
K31 YB301 Y8221 YB231 Y8331 Spore 
K:l2 YB301 YB221 Spore Spore Spore 
K33 YB301 YBnl Spore Spare Spare 
K34 YB301 YB221 Y8221 YB221 YB221 
K35 YB301 Y8221 Y8221 

K38 YB351 YB291 Y8291 Y8291 YB291 

Relay No. Sy,tem Sheet Numbers 
Coil Contact Point, 

1 2 3 4 

K39 Y8221 Spare Y8351 Y8351 Spore 

K40 * Y8221 YB221 Y8211 Spare Spore 

K41 * YB221 Y8211 Y8211 Y8211 Y6211 

* 50 Cycle Only 

:::::::~ 1~4~3~2~11 

Relay and Contoctor Gate 
2 Pos Relay 

(K35) 

1 

1 

1 

1 

-

1 

1 
I 

17-18-19 20 - 21 - 22 

YB271 YB271 
Y8271 YB271 
Y8271 YB271 
Y8281 YB281 
YB281 YB281 
YB281 YB281 
YB291 YB231 
YB271 YB271 
Y8271 YB271 
Y8271 Y8271 
Y8281 YB281 
YB281 Y8281 
Y8281 Y8281 
Y8291 Spore 

Y8251 Soare 

Spore Spore 

~16 ~9 ~1O 

~14 ~15 \ 8 

\13 ~ 6 \ 7 

\11 \12 \ 5 

1\4 \3\2~1 I 
4 Pas Relay 
(K23 - K34) 

Part No. Function 

5351162 Special Voltages 

Part No. Function 

2128689 Typewriter 

Port No. Function 

5270586 EPO 
5364165 STD Voltages 

Part No. Function 

. --------== 
5351156 Power On Adopter 
5351156 Power On Adopter 
5351156 Power On AdaPter 
5351156 Power On Adopter 
5351156 Power On Adopter 
5351156 Power On Adopter 
5351156 Power On Adapter 
5351156 EPO Adopter 
5351156 EPO Adapter 
5351156 EPO Adapter 
5351156 EPO Adapter . __ 
5351156 EPO Adopter 
5351156 EPO Adopter 
5351156 EPO Adopter 
5364161 '·18V Sen,e 
5213415 -3V Sense 

5364163 Voltage Sense (48V) 
5318968 Power Check 
5318968 Sequence 
5318968 Thermal Reset 
5318968 Thermol Reset 
5318968 Thermal Reset 
5318968 Thermal Reset 
5318968 EPO 
5318968 Power On 
5364161 Logic Sense {+j 
5364161 Logic Sense H 
5364161 Spec ial Sense 
5364161 Spec ial Sense 
5364164 UndervoltoQe 

5351156 Bias Sense 

Port No. Function 

2128689 -18V Sequence 

2128689 Blower S.." 
5351162 ~Io"'er Seq 

~22 ~ 12 ~ 13 

\20 ~21 \11 

~ 19 ~9 \10 

\17 ~18 ~ 8 

\16 ~ 6 \ 7 

~14 \15 ~ 5 

~~~3\2\I I 
6 Pas Relay 

(K 5 - K 19 & K 22) 
~----------------------~----------------------~ 

FIGURE 122. RELAY AND CONTACTOR LOCATION CHART 

Relay pin numbering 
viewed from wiring 
side of relay 
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50 Cycle 

SYMBOL SYSTEM SHEET NO. PART NO. DESCRIPTION 

CBl YB201, YB221 5270651 C reu t breaker, 2 pale, 0.4A, 250 vae 
CB2 YB201, YB221 5270559 C reu t breaker, 2 pole, 0.65A, 250 voc 
C83, 16 YB211, YB221 725002 C reu t breaker, 2 pale, SA, 250 voc 
C84,5,6,7,8, 

YB211, YB221 5213816 Circuit breaker, 1 pale, 0.9A, 250 voc 10,14,15 
C89 YB201 8026896 Circuit breaker, 3 pale, 25/40A, «0 voc 
C811 YB211, YB221 529016 Circuit breaker, 2 pale, 20A, 240 vae 
C812,13 YB211, YB221 5213818 Circuit breaker, 1 pole, O.45A, 250 vac 

60 Cycle 

SYMBOL SYSTEM SHEET NO. PART NO. DESCRIPTION 

CBl YB 201, YB 211 5270651 Circuit breaker, 2 pole, 0.41., 250 vac 
CB2 YB 201, YB 211 5270559 Circuit breaker, 2 pole, 0.65A, 250 vac 
CB3 YB211 5270566 Circuit breaker, 2 pale, 0.85A, 250 vac 
CB4 YB 201, YB.211 5270559 Circuit breaker, 2 pale, 0.65A, 250 vac 
CB5 Y8 201, YB 211 5270559 Circuit breaker, 2 pale, 0.65A, 250 vac 
C86 YB 201, YB 211 5270559 Circuit breaker, 2 pole, 0.65A, 2S0 vac 
CB7 YB 211 5364273 Circuit breaker, 2 pole, 15A, 250 vac 
CBS YB 201, YB 211 5270651 Circuit breaker, 2 pale, 0.4A, 2S0 vac 

FIGURE 123. CIRCUIT BREAKER LOCATION CHART 

SYMBOL SYSTEM SHEET NO. PART NO. DESCRIPTION 

Fl and F2 YB201 107669 Fu .. , lOA, 2S0 vac 
F3 and F4 YB201 78999 Fu .. , 0.51., 250 vac 
FS and F6 YB201 511063 Fu .. , 101., 2S0 vac 
F7 and F8 YB201 335010 Fu .. , lA, 110 vac (60 Cycle) 
F7 and F8 YB201 78999 Fu,e, 0.5A, 250 vat (50 Cycle) 

FIGURE 124. FUSE LOCATION CHART 
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Power Frome 03 

SYMBOL SYSHM SHEET NO. PART NO. DESCRIPTION 

Frame 05 

Power Frame 05 (512K Feature) 

'Used on later machines. Not interchangeable . 
• 'Not used on 384K. 

FIGURE 125. VOLTAGE REGULATOR LOCATION CHART 
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::: :'6' 
••• C~ 
••• 0 

Front 

ABCD EFGH ABCD EFGH 

I · · · · EC2 •••• . ... , ... . . .. . . . . . . . .. I • •• • EC3 . ... · .. . · .. . · .. . 
JUMPER CHART 

From To From To From 

Rl-l R4-1 R12-2 Rl1-3 R14-2 
R3-1 R6-1 R 11-1 R13-1 R19-2 
R6-1 RS-l R1S-2 R14-3 R17-2 
RS-l R12-1 R14-1 R16-1 R22-2 
R12-1 R15-1 R1S-2 R 17-3 R20-2 
R15-1 R18-1 R 17-1 R19-1 R13-2 
R 18-1 R21-1 R21-2 R20-3 EC2-2 
Rl-3 R2-2 R20-1 R22-1 EC2-b 
R4-2 R3-3 Rl1-2 K38-7 EC2-c 
R6-3 R7-2 R16-2 K38-S EC2-d 
RS-3 R9-2 K38-1 ECI-6 EC2-e 
R9-1 R 10-1 K38-4 EC1-d EC2-f 

FIGURE 126. VOLTAGE DIVIDER ASSEMBLY 

To From To 

K38-10 EC2-g RS-2 
K38-11 EC2-h R10-2 
K38-13 EC3-a K38-6 
K38-14 EC3-b R13-2 
K38-16 EC3-c K38-9 
K38-5 EC3-d R16-2 
RI-2 EC3-e K38-12 
R2-1 EC3-f R19-2 
R3-2 EC3-g K38-15 
RS-2 EC3-h R22-2 
R6-2 EC.1-c R12-1 
R7-1 R3-1 R5-1 

Chonnels 2 3 4 5 fJ 

+6 undervoltagesetting should be adjusted so that relay is de-energized ----f-:.-t::...J 
when the +6 volt supply is at 5.2vdc. RI2 center arm should be set for 
approximately 5.3vdc from center arm of potentiometer to common as 

+6 

1 
2 

1 

+6 
2 

+6 

1 I 1 
2 

+6 2 
+6 

2 
+6 

measured with a 3 percent 10K voltmeter. 

For +3 volt overvoltage setting, adjust R4 for overvoltage trip setting on
+3 volt supplies. R4 center arm should be set for +4.5vdc from center arm 
of potentiometer to common as measured with a 3 percent 20K voltmeter. 

For -3 volt overvoltage setting, adjust R7 for overvoltage trip setting on 
-3 volt supplies. R7 center arm should be set for -4.5vdc from center arm 
of potentiometer to common as measured with a 3 percent 10K voltmeter. 

For +6 volt overvoltage setting, adjust R9 for overvoltage trip setting on 
+6 volt supplies. R9 center arm should be let for +9.5vdc from center 
arm of potentiometer to common as measured with a 3 percent 10K volt
meter. 

FIGURE 127. OVER'vOLTAGE ASSEMBLY 
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Note: 
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OS 1 and DS2 removed by EC 259S62 
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2 
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4 
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2 
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Frame 
02 

Internal Side 
of I/O Panel 

Frame 01 

Frame 
03 

Machine End 
Connector Siock 

5362304 
5362304 
5353869 
5353869 
5362304 
5362304 
5362305 
5362305 
5362304 
5362304 

5362305 
5362305 
5362304 
5362304 
5362305 
5362305 
5362304 
5362304 
5362304 
5362305 

5362304 
5362305 
5362305 
5362305 
5362304 
5362304 

5362304 
5362304 

I 
2 
3 
4 
5 
6 
7 
8 
9 
0 

1 
2 
3 
4 
5 
6 
7 
8 
9 
o 

I 
2 
3 
-4 
5 
6 
7 
8 
9 
0 

POU-030. 

AI 

5802908 
5802908 
5802907 
5802907 
5802908 
580 908 

A2 

5802907 
5802907 
5802908 
5802908 
5802907 
5802907 
5802907 
5802907 
5802907 
5802908 

A3 

5802907 
5802908 
5802908 
5802908 
5802909 
5802909 

5364061 
5364060 

5802909 
5802909 

5802907 
5802907 

5802908 
5802908 
5802907 
5802907 
5802908 

80 08 

A 

5802907 
5802907 
5802908 
5802908 
5802907 
5802907 
5802907 
5~~ 
5802907 
5802908 

A 

5802907 
5802908 
5802908 
5802908 
5802909 
586W09 

5802909 
5802909 

CPU 

~} Mpx 

B 
0" } B 

A 
In A 

B 
Out 

B 

A In 
A 

5el Chan 3 

Sel Chan 2 

! out} Sel Chan 1 

A In 

~ } 5el Chan 3 

: } Oir Control 

:} Remote OCP 

!l'n } 1052 

A Out 

Y In 

~} V-Out 

Emulation 1410/7010 

Chan-to-Chan Adopter 

B 

5362304 I 5802909 
5362304 2 5802909 
5362305 3 5802908 
5362305 -4 5802908 

5 
6 

5362304 7 5802907 
5362304 8 5802907 
5362304 9 5802907 
5362304 0 5802907 

NOTES: 

A-4 

A 

580~09 
5802909 
5802908 
5802908 

5364065 
5364066 

5802907 
5802907 
5802907 
5802907 

~} X-Out 

: J X-In 

1 Sel Chan 1 

~} Sel Chan 2 

~) Multiplex Extension Feature 

1. In places where the use of a feature results in unused lower 
cable connector positions, use 5353869 as required to fill 
out column. 

2. 5362304 is style A (light gray) out 
5362305 is style B (dark gray) in 

FIGUP.E 128. I/O GATE TERMINATORS 
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Hypertope 28-41 

A 8 

Bus 1 
Out 

Tag 2 
TO 

8us 3 
In 

Tog " 
2821 

1443 

1442 

8 I A lLI1L --

m
-

1 1M 
A In 

2 Tag __ 

2 Tag 
8 Out 

1 Bus 

1 J J IJI!IJH 
I In lout I 

2 ! ! 

--
In lOut 

FIGURE 129. 1;'0 INTERFACE CONNECTIONS 

Out 0 Out 0 o Out o Out. 

r-l o .. 
n 
3 

o n 
p 

o 

o n n o 
2 7 

o n o n 
1 6 

o n n o 
o 5 

1 PIN 58Q.409S 1 r 
Addres. Recognition Address Generation 

location 01A-A1F5, R.f RP 223 
Plugging Shown: Addr •• Oil. 

~
-

8us 
In 

F Tag 

G 8us 

H Tag Out 

TAU Simulator TAU 

Tape - A Tape - A 

Tape - 8 Tape - 8 

Tape - C Tape - C 

8us Tape - 0 

Tag Bus 

Bus Term Tog 

Tag Term Ius Term 

Tog Term 

Tog 

Bus Term 

Tag T.rm 

Out 0 Out 0 o Out o Out 

n 0 I 0 n .. I .. 
0 r1 0 r-1 I r1 0 r-1 0 

3 P I 3 P 

0 n n o!n 0 0 n 
2 7 I 2 7 

0 n n 0 ,n 0 0 n 
1 6 I 1 6 

0 r-1 0 r-l,n 0 n 0 

0 5 I 0 5 
PIN 5804095 

Address Recognition Addre •• Generation 

location 01A-A1H6, R.f AP 051 
Pluggl~ Shown: AcId ..... 08 

FIGURE 130. '442 ADDRESS CARD LOCATIONS AND PLUGGING FIGURE 131. 1443 ADDRESS CARD LOCATIONS AND PLUGGING 
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R Q P M L K J H G F E D C B A 
1402/2540 Reader 

n n n n n Address OC 

Panel BIE02 - 0 0 0 0 0 
POI 2 3/4 5 6 7 n n n n 10000110 0 

B IE03 - 0 0 0 0 0 0 0 

BIE04 -0 I I I I 0 I 0 I I I I I I 1 
R Q P M L K J H G F E D C B A 

1403 Printer 

n n n n n Address OE 

A3A05 - 0 0 0 0 0 

POI 2 3/4 5 6 7 n n n n o 0 0 0 0 I I I 0 
A3B05 - 0 0 0 0 0 0 0 

AID07 - 1 I I I 0 0 I 0 I I I I I I 1 
R Q P M L K J H G F E D C B A 

1402/2540 Punch 

n n n n n Address 00 

BIE05 - 0 0 0 0 0 
POI 2 314 5 6 7 n n n n 0000011 a I 

BIE06 -0 0 0 0 0 0 0 

BIE07 - ITo I I 0 I 0 I I I I I I 1 
FIGURE 132. 2821 ADDRESS CARD LOCATIONS AND PLUGGING 

TAU (2400) Address Cords 

First TAU Second TAU 

Address BX Address AX 

Cord Location Cord Location 
B3F03 B3F03 

1 1 I I I 1 1 rr= I I I 1 1 

Cord Location Cord Location 

B3F02 B3F02 

R Q P N M K H G E D C A Q N M K H G E D C A 

• n n • n • n • n • • n n • • n n • n • 
FIGURE 133. TAU (2400) ADDRESS CARDS LOCATIONS AND PLUGGING 
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APPENDIX A - SYSTEM CHARACTERISTICS 

PHYSICAL DATA 

• 2050 Processing Unit has three frames: CPU, 
Main Storage, and Power. 

• Power frame connects the CPU and Main Storage 
frames. 

• System control panel is mounted on the CPU 
frame. 

The 2050 Processing Unit (Figure 134) consists 
of the CPU frame, the main storage frame, and the 
power frame. 

The CPU frame contains the CPU logic, the chan
nels, the capacitor read only storage, and the local 
storage. The system control panel is mounted on 
one enlj of this frame. Within the CPU frame are 
three hinged gates (A, B, and E on Figure 135). 
Each hinged gate holds twenty printed circuit boards. 
One fixed gate (C) with a hinged section (D) contains 
the capacitor read only storage (ROS) and twelve 
printed circuit boards. 

The main storage frame houses the main storage 
modules, their associated logic, and large capacity 

FIGURE 134. IBM 2050 PROCESSING UNIT 
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Storage Frame 02 

~ 

0 1 I A 11'81 
6 I Power Frame 03 0 

I Expansion > 
.-/ ~ ~ 

~ A 
I/O Panel-G 

rC 

(Tail Gate) -c 
)- )-

:.-

/ 1-«: 
CPU Frame 01 

A 8 CD E 
1052 I/O Pane I-H 
(Tail Gate) 

F 

Reading Board 

FIGURE 135. IBM 2050 FRAME AND GATE LAYOUT 

CPU, Chonnel, ROS 

1052 



storage connections. The storage protection buffer 
is also located in this frame. One main storage 
module is used for all standard storage sizes up to 
and including 128K bytes. Storage sizes greater 
than 128K bytes use two main storage modules. The 
frame capacity is two main storage moduies, eight 
printed circuit boards, and a hinged gate for 
expansion. 

The power frame contains the power converter
inverter, the power sequencing and control circuitry, 
and all regulators. The power frame also serves as 
a cable path between the CPU and storage frames 
and contains the Input/Output (I/O) panel for external 
cables. 

Frame Specifications 

The following chart gives the physical specifica
tions for t.he three frames that make up the 2050 
Processing Unit. 

CPU Main Storage Power 

Dimensions (inches) 
Length 62.5 60.0 60.0 
Width 29.5 24.0 24.0 
Height 70.0 72.5 72.5 

Floor Area (sq ft) 12.8 10.0 10.0 

Weight (pounds) 2000 1100 1500 

Cabling 

The external cable connectors for the 2050 are 
located in the power and main storage frames. A 
raised floor facilitates the routing of external cables 
but h; not an absolute necessity. Cables connecting 
the channels to external devices pass through the 

bottom of the power frame to reach the I/o connector 
panel. Cables connecting the 2050 to shared or 
large capacity storage pass through the bottom of the 
main storage frame to reach the connector panel. 

A maximum of twelve external cables may be 
attached to the I/o panel in the power frame: two 
for each of five channels (one multiplexor, three 
selector, one high speed) and two for an external 
operator's control panel. 

POWER REQUIREMENTS 

• Three input voltage options. 

• Current requirements depend on storage size. 

The 2050 Processing Unit is manufactured for one 
of the following input voltage options: 

60 cps ± 1 cps 
3 phase-4 wire delta 
208/230 vac RMS ± 1096 

Option 2 

Option 3 

50 cps ± 1 cps 

50 cps ± 1 cps 

3 phase-4 wire delta 
195/220/235 vac RMS ± 1096 

3 phase-5 wire "Y" 
380/425 vac RMS ± 10~ 

Current requirements and heat dissipation are 
dependent on storage size: 

Power Input (kva) 

Service Rating (amperes) 

Heat Dissipation (BTU/hr) 

64K 
9.0 
30 

14,900 

128K 
9.0 
30 

14,900 

256K 
10.6 
30 

18,700 
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APPENDIX B - SYSTEM CONTROL PANEL 

• System control panel provides operator, inter
vention, and maintenance controls. 

The system control panel (Figure 136) contains the 
switches and indicators, required for system opera
tion. Twelve panel secthms contain operator, inter
vention, and maintenance controls. 

Panel sections C and N provide basic operational 
control. Panel sections G, L, and M provide inter
vention and maintenance controls. The remaining 
panels provide maintenance controls. 

CONTROLS AND INDICATORS 

• Five types of control switches. 

• Switchable indicators on panel section G. 

• Functional grouping of switches and indicators. 

Each panel section contains switches and/or indicators 
grouped by function. 
Five types of switches are used: 

1. Rotary Select--Position defines function. 
2. Roller Select--Position selects status indicator 

data. 
3. Data Key--Lever switch active in the down 

position. 
4. Control Key--Lever switch selects indicated 

function. 
5. Pushbutton--Active when pressed. 
Panel sections A, G, L, and M have vertically

placed letters and/or horizontally-placed numbers to 
aid in locating a particular switch or indicator. 

Section A - Power Display 

The power display panel section contains power check 
indicators, marginal check controls, a dc off switch 
and a voltmeter. 

DC Off Switch 

This keylever switch removes dc power from the CPU, 
storage, and channels. Attached adapters are not 
affected except for the 1052 adapter which is packaged 
in the CPU. 

DC Off Indicator 

This indicator is on when dc power has been removed 
from the CPU, storage, and channels. 
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Frame Thermal 

Three indicators monitor frame temperatures in the 
system. The opening of any thermal switch in the 
CPU, storage, or power frame causes the removal 
of dc power from the CPU, storage, and channels. 
The frame in fault is indicated by a light (CPU, STOR, 
or PDU) which remains on when power drops. 

Open CB 

This indicator is turned on if any circuit breaker in 
the power frame opens. 

Power Check 

The detection of an overcurrent condition in any dc 
regulator turns on the power check indicator. The 
detection circuitry is interlocked with the power 
sequence controls to remove the voltages or prevent 
their application. This indicator remains on when 
powe r drops. 

Meter 

The panel meter allows direct monitoring of any 
system voltage under control of the marginal voltage 
select and monitor voltage select rotary switches. 
Two scales are provided: the upper is numbered 
2 through 10, with 6 at center scale; the lower is 
numbered 1 through 5, with 3 at center scale. Scale 
reading is either times 1 or times 10. Electrical 
accuracy at center scale is ± 0.3 percent of full
scale deflection and at end scale it is 01: 0.6 percent 
of full-scale deflection. 

Marginal Voltage Select 

This rotary switch selects the marginal voltage to 
be monitored on the meter. The following voltages 
may be selected: 

~ TC (Temperature Compensated - Local Storage) 
~ VAR (Variable - Local Storage) 
+6 M1 (Variable - Channel) 
~ M2 (Variable - CPU) 
-12 ROS #1 
-12 ROS #2 
+56 XY 1 (Main Storage XY Drivers) 
~O Z 1 (Main Storage Z Drivers) 
+56 XY 2 (Main Storage XY Drivers) 
~O Z 2 (Main Storage Z Drivers) 



FIGURE 136. SYSTEM CONTROL PANEL 
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In addition, the monitor select position enables 
the monitor voltage select switch and the aux voltage 
select position enables the aux storage select switch 
when 384K or 512K storage is installed. 

Marginal Voltage Control 

Ten potentiometers (one for each marginal voltage) 
provide marginal voltage control, allowing the vol
tage to be varied around its nominal value. More 
than one voltage can be varied at the same time. 

Marginal Voltage Indicators 

Ten indicators, one for each of the above-mentioned 
potentiometers, indicate when a marginal voltage 
has been varied from its nominal value. 

Monitor Voltage Select 

This rotary switch selects a non-marginal voltage to be 
monitored by the meter. The switch is active only 
when the marginal voltage select switch is in the 
monitor select position. The following system volt
ages may be selected: 
+3 #1 (Regulator 6) +6 (Regulator 8) 
+-3 #2 (Regulator 5) +6 ROS 1 (Regulator lC) 
+3 #3 (Regulator 2) +6 ROS 2 (Emulator) 
+3 #4 +18 (Regulator 13) 
-3 #1 (Regulator 10) +30 (Regulator 11) 
-3 #2 (Regulator 7) +48 (Regulator 9) 

Section B - Storage Test 

The storage test panel section permits testing the 
main storage array. 

Storage Test Select 

'fhis rotary switch selects one of the four test patterns 
to be applied to main storage. The four patterns are: 

1. All Ones 
2. All Zeros 
3. Worst Pattern 
4. Reverse Worst Pattern 
The test light (Section N) is on when the storage 

test select switch is off the Process position. 

Write 

This keylever switch causes the pattern defined by 
the storage test select switch to be written into all 
main storage locations when start is pressed. 
Storage protection is ignored. The test is terminated 
by a stop on check condition or by a system reset. 
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Stop On Che ck 

This keylever switch causes a detected storage error 
to terminate the storage test. 

Invert SAR Bit 16 

This keylever switch inverts SAR bit 16, thereby 
interchanging the two 32K halves of a 64K section of 
main storage. With storage reversed in this manner, 
words 0-8K are referenced as 8-16K and vice versa. 
Words 16-24K are referenced as 24-32K, and so on. 

Section C - Emergency Off 

The emergency off pull switch is located on panel 
section C. Pulling this switch turns off all power 
beyond the entry terminal on every unit which is part 
of the system or can be switched on to the system. 
This switch therefore controls the system proper 
and all control units and I/O devices that are switched 
offline. 

The emergency off switch latches in the "out" 
position. Mechanical intervention by the customer 
engineer is required to restore the switch to the 
"in" position. 

Section D 

Panel section D shows major data paths in CPU. 
channels, and storage elements. 

Section F - Channel Control 

This panel section provides three channel maintenance 
controls. 

Manual Operation 

This keylever switch provides a means of manually 
disconnecting the channels from the CPU and attached 
adapters, and coupling them to the data and address 
keys for control purposes. In manual channel opera
tion, the address keys are used to control the channel 
interfaces (CPU and I/O), and the data keys provide 
data for use in the various control sequences. The 
manual sequencing of any channel operation is pos
sible. 

When this switch is in the MPX position the multi
plexor channel is selected for manual testing; when it is 
in the SEL pOSition, the selector channels respond. 



Address and Data Key ASSignments 
Address 

~ 

H 

~)-11 

:W 
"27 
2!:l 

29 
:\0 
:ll 

Function 

Hold DTC Switch: This switch is not controlled 
by either the manual switch or the enter push
button; it is active when the rate switch is in 
single c~'cle, The hold DTC switch causes the 
DTC line to channel to be held active after it 
has omc been issued by ROS, To reset the 
hold on the DTC, raise the switch, 

IF stop, and Stop Select Switch: The 'IF stop' 
switch (key 9) determines which clock is to be 
controlled, The stop select switches (keys lO
Il) control the sequencing of the A-clock to the 
tag gate generator, 

These switches are gated to the interface 
reF;ister (making them active to stop the clock 
at a eel'tai n position) by the enter pus hbutton, 
The manual switch is not a gating condition. 
The stop select keys affect all selector 
channels. 

000 
001 
011 

010 

Keys 

100 
101 
111 
110 

Request In 
Address In 
Status In 
Service In 
Select In 
Operational In 

Data 

Stop on A-Clock 

(No stop) 
During clock AO 
During clock Al 
During clock step 

Stop on Tag gate generator 

(No stop) 
During ITDl and not ITD2 
During ITD2 and not ITD3 
During ITDl and not 'In' 
tag 

0-7. Parit\ I3.\tc 

O-::J. Pal'it,· Word 

To visually examine the contents of the adder latch, 
(the B or C register of an idle selector channel) the 
A-clock should not be stopped with the keys. 

Stopping the sequence at any point or advancing 
the sequence from one stop to another stop is 
permissible. 

A-Clock Stop: For proper single-step operation, the 
A-clock sequence should be completed before the 
start pushbutton is pressed for the next cycle. To 
examine unit selection, stop the clock before the 
third DTC in CCW2 routine is issued to the channel, 
and sequence the A-clock with the keys from that 
point through CC step 1 (clock Al of unit select). If 
operating with a real unit, use tag gate sequencing 
from that point to the end of unit select. 

Tag Gate Generator Stop: When working with a real 
I/O unit (manual op off) the check control switch 
should be in the channel stop position to delay trans-

. mission of the out tag. Stopping the sequences in 
the data handling portions of the record may cause 
overrun conditions in an unbuffered unit. 

Enter 

This pushbutton switch causes address and data key 
information to be gated into the channels for manual 
operation. The switch is active only in the manual 
mode. 

Selector Channel Display 

This rotary switch selects one of the selector 
channels for display in the status indicators. The 
particular status word displayed is determined by 
the position of the selector channel status roller 
select switch. 

Section G and K - Status Indicators 

The status indicators on panel section G provide a 
display of CPU and channel status. The 144 indica
tors are arranged in four rows, 36 to a row. Each 
row is separated in the center, with pOSitions 0-17 
in the left half and positions 18-35 in the right half. 

Eight status words can be displayed in each row 
of indicators. The desired word is selected with an 
eight-position roller select switch. The switch also 
pOSitions a roller format to identify the information 
displayed. 

Panel section K is mounted to the right of the 
status indicators to identify each row and the general 
content of each word position. 

The roller pOSitions are explained in: 

Figure * 

137 
138 
139 

140 
141 
142 
143 
144 

145 
146 
147 
148 
149 
150 
151 
152 

Roller 
Position 

1/1 
1/2 
1/3 

1/4 
1/5 
1/6 
1/7 
1/8 

2/1 
2/2 
2/3 
2/4 
2/5 
2/6 
2/7 
2/8 

Content 

Common Channel 
I/O instructions 
I/O routines 
Control register 

Multiplex Channel 
Data buffers 
Interface and control 
Control triggers 
(Special features) 
(Special features) 

Selector Channel 
B-register 
C-register 
BC LW operations or checks 
Position and request registers A-Clock 
Interface and control 
G P M P and flag registers 
(Special features) 
(Special features) 

* Located at end of this Appendix 
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Roller 
Figure * Position Content 

CPUI 
153 3/1 L-register 
15"" 3/2 M-register 
155 3/3 M-register 
156 3/4 H-register 
157 3/5 SAR byte stats 
158 3/6 ROS 56-89 
159 3/7 (Special feature) 
160 3/8 (Special feature) 

CPU2 
161 4/1 ROS 0-30 
162 4/2 ROS 31-55 mover function 
163 4/3 Next ROS address 
164 4/4 Byte ctr F-register GP stats 
165 4/5 LSAR J-register MD Gl G2 
166 4/6 Check register 
167 4/7 Current ROS address 
168 4/8 Previous ROS address 

Selector Channel Roller Analysis 

The following information will aid in interpreting 
the indicators on the selector cliannel roller and 
logout. 

Word 3 

Bits 0-5 Byte Counter: Phases A and B should have 
correct parity. Phase A normally equals Phase B; 
if unequal: 

1. On write, 'svc in' is still active. 
2. The stop lines to the tag gate generator are 

active from the IF register. 
3. Overrun condition was detected in CCW2, in 

which case BC(B) equals ER. Chain check is active. 
4. During end update, ER transferred to BC(B). 
5. CDA chaining occurs before the first 'svc in' 

of the new record arrives and before the arrival of 
new BC information. BC(B) equals ER, BC(A) 
equals 00 and 'if CDA first byte LA' is active. 

6. The stop channel line is active, BC(A) Is 1 
less than BC(B). 

The byte counter incrementing is not changed in a 
read backward operation; however, its output gating 
is inverted. 

Bits 6-7 End Register: The end register should con
tain the count modification information obtained in 
the CCW2 routine, except in the case where it is re
set to 00 on detection of a program -type check in a 
write operation. The end register should have no 
effect on the channel, unless both EOR1 and L1W 
latches are active. At the end of an operation if 
there are no channel check indications, BC(A, B) 
equals ER. 

Bits 8-10 Last Word Register: 
1. Conditions: Read op and read ready are 

active, CL step is not active. 

* Located at end of ill, Appendix 
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a. If EOR1 is active, the lowest active LW 
latch (L3W is high, L1W is low) indicates 
the additional number of buffers needed 
for collection of data from the interface to 
complete the block of data 

b. If EOR2 is active, the lowest active LW 
latch indicates the additional number of 
read store routines needed to completely 
store the block of data. 

2. Conditions: Write op and finish (fin) latches 
are active, A clock is not active. 

a. If EORl is active, the lowest active LW 
latch indicates the number of buffers that 
contain the old record. 

For EOR2 with read op or EORl with write op, if 
the number of full latches (C, B, LS) exceeds the 
lowest active LW latch, CDA chaining is implied, 
with part of the new record block resting in the 
channel buffers. 

At the end of a write operation, L2W and L3W 
should never be active. 

For any operation, if Ll W is not active, the 
record has not reached the end of count as specified 
by the CCW. 

Bits 11-14 End of Record: 
1. EOR Cnt Intlk: Interface controls are about 

to be informed that the end of the block of data 
approaches. Routine request circuits wait for a 
reaction from the interface controls in a read op 
only. 

2. EORl: The interface clocks the LW registers. 
3. EOR2: Routine request circuits clock the LW 

register in read Ope 
4. Read Intlk La: To inform the routine controls 

that the interface controls have completed their use 
of the LW register. 

This table shows the invalid combinations of the 
end of record latches: 

Bit Position 
11 12 13 14 other 

Count EaR EaR Read Conditiops 
InUk 1 2 InUk 

1 - - 1 Not Svc In 
1 - 1 -
- 1 1 -
- - 1 - Write Op 

- - - 1 Write ()P 

- - 1 - L3W 

If EORl and 'cnt intlk' are both active when 'svc 
in' is not active, a write OPt is in progress and a 
complete short record has just been fetched. 



Bit 15 BAC Latch: If the B almost changed latch is 
active: 

1. For read operations, the preceding or present 
transfer is from the B register. 

2. For write operations; the present storage data 
transfer is to the B register and the channel has not 
finished with the data transfer. 

'BAC' and 'LS full' should never be active at the 
same time. 

Bit 16 LS Enable: A priority 1 request should not be 
present if LS enable is active. LS enable, LS full, 
and B full should not be active concurrently. 

1. For read operations, if LS enable latch is 
active, the contents of the B register will be or are 
being transferred to the buffer in LS. If LS full is 
also active, the IS DTC is active. 

2. For write operations, if the LS enable latch 
is active, the buffer in LS is available for new data 
from main storage. If LS full is also active, the 
data has not been transfered from LS to the B 
register. 

Bits 17-19 Register Full: 

BAC ENA Full Full 
Operation Bit Bit Bit Bit Description 

15 16 17 18 

--- 0 0 0 1 Data in B register. 

--- 0 0 1 - Data in LS. 
Read 0 1 0 0 Illegal. 

" 0 1 0 1 LS routine in progress; LS DTC 
has not arrived; 

" 0 1 1 0 LS DTC present. 

" 0 1 1 1 Illegal. 

" 1 0 0 0 Previous routine: B to main 

I 

storage. 

" 1 0 0 1 B being or just transferred to 
main storage. 

" 1 1 0 0 Illegal. 

" 1 1 0 1 B to main storage. C full active. 
one cycle to end read store 
routine. 

--- I - 1 - Illegal 

Write 0 1 0 0 1...'18t fetch transferred to B via 
lB. 

" 0 1 0 1 Data in B after transfer via LS. 

" 0 1 1 0 LS routine in progress, 1.8 DTC 
has not arrived. 

" 0 1 1 1 Illegal. 

" 1 0 0 0 Write fetch routine in progress, 
data destined for B register. 

" 1 0 0 1 Write fetch step 2, clock AO or 
AI. 

" 1 1 0 0 Illegal. 

Bits 20-26 Read, Write Latches: Any active indica
tions in both the read and write groups at anyone 
time are signs of malfunction. 

Op Rdy I IF 
~cad Hits 

21 I 22 I 2;) Description 

() 

o 
o 
o 

o I 
~ I 
1 I 

o I 

~ I 
1 I 

o Not performing that operation. 

1 I Illegal. 
o Illegal. 

1 11lIegal. 
o Channel in CCWI or CCW2 routine not CDA 

I 
chaining. 

1 Channel working in routines other than above. 
o i Channt'l performing unit selection. 
1 i Channel waiting to perform an.\' of the above. 

Bits 27-35 Channel Checks: 'Sim check' signals the 
channel to terminate the operation. Unit status will 
not be available for the CSW. Three conditions set 
sim check: 

1. Channel discovered a check condition before 
the unit could be selected to perform the operation. 

2. A halt I/O terminated the current operation. 
3. An IF control check occured to disconnect the 

unit by a selective reset. 

Word 4 

Bits 0-8 Position Register: Only one position in this 
field should be active at anyone time. If none of the 
pos itions is active, the channel is in one of two 
states: 

1. Idle (instruction scan latch is active). 
2. Unit seiection routine is finishing or has just 

finished; rd rdy or wr rdy latch is active. 
The CCW1 type position is used for: 
1. Start I/o routine. 
2. CCW1 routine. 
3. TIC routine. 
If the end up position is active and the PCI req is 

active, the CPU may be masking interrupts for this 
channel. 

Bits 9-12 Cycle Counter Phase A: Only one position 
in this field may be active at anyone time. If no 
bits are active, the channel has either: 

1. Completed unit selection (MP C2, C3, C4 
latches are all active). 

2. Completed CCW2 routine previously. 
If the A-clock A and B latches are not active, the 

number associated with the active light indicates the 
number of clock sequences (AO, A1, CL STEP equal 
one sequence) that have occurred and are associated 
with the routine in the position register. 

Clock step pulses adva.nce the cycle counter if 
clock step is active; the channel gating is associated 
with the cycle counter step previous to the one that 
is active at the time. 
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Pos" Pos 5 Pos 5 Pos 6 
Bit 9 Bits 4-5 Bit 0 Bit 16 

---- ----- ----- - --- Remarks 
Cycle Position 
Counter A-clock Register Finish 
Step 0 C,D latch Transfer Latch 

1 0 1 1 Request register equals 
position register; first clock 
sequence in routine has not 
occurred. 

- 0 0 1 Last clock sequence in 
routine has occurred (unit 
select and CCW2 are ex-
ceptions). New request 
register can transfer to 
position register. 

- - 0 0 The routine in the pOSition 
register is being processed 
and is not associated with 
the routine in the request 
register. 

- 0 1 0 Illegal. 

Bits 13-15 Clock AO, AI, Clock Step: Only one light 
should be active at anyone time. If one pOSition is 
active the clock is: 

1. Stopped by the setting of the interface register. 
2. stopped because of an error detection outside 

of the clock circuitry. 
3. Stopped because of a clock malfunction. 
For analysis of the A clock see word 5 bits 2-5. 

Bit 16 LS request: Channel wishes to perform. LS-B 
transfer. No LS request should exist if: 

1. On read, LS full is active. 
2. On write, LS full is not active 
If LS enable is also active, the LS routine is be

ing serviced. but the LS DTC is still to come. 

Bit 17 PCI Request: Channel wishes to present 
status information to CPU. 

1. If 'PCI req, ' 'end up (pOSition register), and 
'rec end' are all active, the channel has stopped 
record transmission to the unit. C register bits 
8 -15 contain the unit status. 

2. If 'PCI req' and 'poll' latches are both active, 
the unit presented status while the channel was idle. 
C register 0-7 contains unit address; C register 8-
15 contains unit status. 

3. If 'PCI req' is active with either 'IF read' or 
'IF write' active and 'rec end' is not active, the 
request is due to the PCI flag. 

Bits 18-30 Request Register: Positions 21-26 should 
have only one pOSition active at any time, except for 
unit select routine where bits 2 and 4 are active. 
There should be at least one active priority bit if one 
poSition in 21-26 is active. 
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If the 'fin' latch is active when the request regist
er contains a request, the request should be in the 
position register and the common channel has not 
yet' sent a DTC associated with the routine (the 'inh 
rtne' indication should not be active). If the 'fin' 
latch is not on, the channel has not transfered the 
request into the position register. 

Bits 31-35 Common Chamel Detect: 
1. PCI: If PCl's is active, the CPU has issued a 

proceed with interrupt signal, the interrupt mask is 
not active and the common channel is in the break
in cycle. 

2. Inh Rtne: If the inhibit routine is active, the 
selector channel has not responded to the first DTC 
associated with the routine serviced by CPU. 
Further requests from the channel will not be con
sidered in the priority matrix until the channel 
passes through step 0 clock Al time. 

LS Request LS Detect 
(pos 16) (pos 31) 

--------- --------- Remarks 
Priority I, Pri 1 detect (32) 
2 or 3 request Pri 2-3 detect (33) 
in Sel Ch (18-20) 

1 0 Either LS detect inhibit 
latch (for a local store 
request) (not indicated) 
inhibit routine latch (for a 
priority 1, 2, or 3 request) 
(pos 35), or the routine 
received latch is active. 

0 1 The routine received latch 
is active and the channel is 
selected for a routine 
break-in cycle. 

1 1 The channel has responded 
to a previous routine and 
the request is not being 
serviced. 

Word 5 

Bit 0 Position Register Transfer: If hit 0 is active 
together with cycle counter step 0 and the 'fin' latch; 
the request register equals the position register and 
the first clock sequence in the routine has not 
occurred. 

Bit 1 Inh Rd store: If bit 1 is active, the last word of 
data has been stored in CPU even though some of the 
register full indications are active. Too many bytes 
were accepted by the channel before the record 
count information was available in the CCW2 routine 
when CDA chaining. 



Bits 2-5 A-clock Latches: Latches A and B verify 
proper clock sequencing and outputs. Latches C and 
D are used with delay lines to generate the clock 
timings. If improper operation exists. latches A 
and B stop the sequence. 

A and B Latches 

A Clock 
A latch B latch 

Clock State 

0 0 Clock AO pulse has not occurred. 
1 0 Clock AO occurred. Clock Al did not occur. 
1 1 Clock AO and Al occurred. Clock step did 

not occur. DTC may be active. 
0 1 Clock step is active 

C and D Latches 
A Clock 

Clock State 
C latch D latch 

I 0 Clock AO time 
0 I Clock step time 
I 1 Clock step time and request was made to 

start another sCQuence. 
0 0 Clock Al timc or DTC is active or clock 

sequence is complete. 

Bits 6-7 SP Latches: 
1. D1 active and: 

a. Rd rdy or wr rdy are not active. Tic op 
has been detected, second op was not yet 
examined. 

b. Rd rdy or wr rdy is active. PCI interrupt 
in progress due to the PCI flag. 

2. D2 active and: 
a. Instruction scan latch is not active. Chan

nel is performing compare routine for test 
I/O. 

b. Instruction scan latch is active. Channel 
is in jdle mode. 

Bit 8 Instruction Scan Latch: Channel is either: 
1. Idle - clock is cycling. 
2. Polling - poll latch is active. 
3. Performing unit selection and has not yet 

replied to an initial instruction. 

Bit 9 Channel in Use: Channel is in operation as a 
result of a start, halt or test I/O instruction. 

Bit 10 Poll: The channel is attempting to accept 
interrupt status from an I/O device. 

Pas 4 Pas 5 Pas 5 
Bit 3 Bit 10 Bit 11 

Unit Poll Poll 
Sel in LA Int State Description 
Position End 
Reg LA 

0 1 0 Channel has not stacked poll status. 
0 1 I Channel has stacked status; PCI request 

is active, common channel has not 
honored request. 

1 I 1 PCI enable received; channel attempts to 
se lect unit; unit se 1, step I, C L step not 
reached. 

1 0 1 SEL out sent to unit; polling status taken; 
channel has not requested the interrupt 
routinc. 

0 0 1 Channel should have the interrupt routine 
in the position register. 

Bit 11 Poll Interrupt End: The CPU has received the 
polling status, causing channel to reply to status in 
with command out. 

Bit 12 Instruction Inhibit: This bit gates the instruc
tion lines when performing a unit selection as the 
result of control word chaining. It should be reset 
before a read store or write fetch operation is 
performed. 

Bit 13 BC ready: The new byte count information is 
available in the selector channel; the interface has 
not reached a state permitting modification of the 
byte counter. The fourth clock sequence in CCW2 
will not occur until BC rdy is inactive. 

Bit 14 UA to Bus Out: In unit selection, the unit 
address is being gated to bus out. C register byte 0 
contains the UA. 

Bit 15 Unit Select Adr Out: In unit selection, ad
dress out is being generated. 

Bit 16 Compare equal: In unit selection, the unit 
address sent by the channel was the same as that 
returned by the I/O control unit. 

Bit 17 Compare unequal: In unit selection, the unit 
address sent by the channel was different from that 
returned by the I/O control unit but each has correct 
parity. 
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Bit 18 Stop: The channel has detected conditions for 
terminating an operation on the interface. 

Bit 19 IF CDA First Byte: The channel has accepted 
the last byte of a read CDA data block. If the latch 
remains set, the next data byte will be set into all 
positions of the C register. 

Bit 20 CD: Channel is performing a CDA chain oper- . 
ation, collecting and preparing new control infor
mation for the handling of the next block of data. 
The new control information has not been completely 
transfered to the proper channel registers. 

Bit 21 BC Mod Enable: A response to the BC mod 
request line stating that the interface is at a static 
state, 'In' tags are not serviced in this period. 

Bit 22 Wr Chain Rely: 

Roller 5 Roller 5 Roller 6 Roller 6 
Bit 20 Bit 22 Bit 21 Bit 20 

CD Write Write Total Analysis 
LA Chain Chain Rec'd 

Ready Procd Fetch 

1 1 0 0 New control information 
ready in selector channel. 
old record not fully 
transmitted. 

1 1 0 1 Same as above. Whole new 
record totally assembled in 
channel registers. 

1 1 1 - New control information 
ready I old record fully 
transmitted, first word of 
new record not yet sent by 
CPU. 

1 0 1 0 Old record completely 
transmitted, new control 
information not ready or the 
first byte of previous block 
not transmitted on interface. 

1 0 - 1 Channel after prefetching 
total record and transferring 
control to proper registers I 
has requested CCWI routine 
and Is waiting (or DTC. 

0 0 I - New control transferred to 
proper registers I new data 
in C register, (irst SVC in 
is not pre.ent. CCWlstep 1 
CL step haa not occurred. 

Bit 23 Rec End: The channel is finished with an 
operation and wishes to store status in the CSW. 

148 (3/71) Model 50 FEMM 

Bit 24 Op In Test: 'Op in' line is active in response 
to sel out, which remains active through the opera
tion. If' op in' drops while the 'op in test' latch is 
active, 'IF ctrl check' will be set. 

Bit 25 Channel Stop: Channel has immediately 
stopped all operations. The reason for stopping 
depends on the check control switch on the CE panel. 

1. Process--Stop and log on detection of: 
a. Channel control check 
b. Interface control check 

2. Stop:--Stop on detection of: 
a. Channel control check 
b. Interface control check 
c. Data check 
d. Any CPU check (freeze channel line) 

3. Channel Stop--Stop on detection of: 
a. Channel control check 
b. Interface control check 
c. Data check 
d. Storage protect or program check 
e. Chain check 
f. Any CPU check (freeze channel line) 

Bit 26 SeiOut: Sel out line is active on the interface 
unless blocked by program scan or manual controls. 

Bit 27 Stop Routine: Stop latch has been set and the 
'in' tag associated with its setting has fallen. 

Bit 28 Sel In: Sel in is active on the interface or it is 
being simulated by the interface register. 

Bit 29 Op In: Op in is active on the interface or it is 
being simulated by the interface register. 

Bits 30-32 IF Out Tags: Conditions have been gene
rated for activating the out tag, but the actual IF 
line may be blocked by program scan, manual 
controls or channel stop condition. 

Bits 33-35 IF In Tags: Either the in tag is active on 
the interface or it is being provided by the lF reg
ister. 'Svc in' can be blocked on read by 'C full 
active' and on write by 'C full not active.' Status in 
can be blocked by the reset of the enable status 
latch. 

Word 6 

Bits 1-7 GP Register: The GP register is set from 
the ALCH bus and is used to hold various types of 
data during a channel operation. Register contents 
are: 



General PUl'POse Latches Channel State 
1 I 2 3 4 5 6 7 
0 I 0 0 0 0 0 0 Idle to CCWI. Step 1 

BC Info 0 0 Rd Back- WR CCWI. Step I to 
Op wards Op CCW2. Step 1 

BC Info 0 0 0 0 0 CCW2. Step 1 to 
CCW2, Step 2 

BC Info LR Info LIW L2W L3W CCW2, Step 2 to 
CCW2;Step 3, Al 

BC Info 0 0 LIW L2W LaW CCW2,Step 3A, to Rd 
Store or Wr Fetch 

MB CR Info LIW L2W LaW Rd Store 

Be Info 0 0 LIW L2W L3W Wr Fetch 
Original 
-

I 
- BC Final LIW L2W LaW End up (Rd) to 

or Intrpt to Reset 
Comp 

BC Info 0 0 LIW L2W LaW End up (WR) to 
Original or Intrpt to Reset 

Comp 

Bits 11-15 Flag Register: This regiater stores the 
special conditions that the channel command word 
(CCW) designates for the operation. Flag register 
positions correspond to flag bits in the CCW. The 
positions are: chain data, chain command, suppress 
incorrect length indication (SILl), skip, and program 
controlled interruption (PCI). The set state of any 
flag register position causes the channel to deviate 
from normal procedures in executing the operation. 

Except in write chain data operations, the channel 
sets the flag register while processing the second 
half of the channel command word (CCW2): 

An active CDA flag resets the CC and SILl flags. 
The ce flag is reset also when control word chaining 
is suppressed because of checks detected by the in
terface controls. 

Bit 16 Fin Latch: The last clock sequence in the 
routine has occurred; new request register infor
mation can transfer to the position register. 

Bits 17-19 First Word, First Byte: On write, if 
both are active, control information is completely 
fetched and the first data word is not fetched. On 
read if both are active , first data byte not yet trans
mitted on interface. 

Bits 20-21 Total Rec Fetch, Wr Chain PReD: If 
these bits are active, with the eDA latch; the channel 
after prefetching total record and transfering control 
to proper register has requested a CeW1 routine and 
is waiting for DTC. 

Bit 22 Stop Rei: Channel has terminated an operation 
on the interface. The setting of this latch normally 
results in dropping sel out and either interrupting or 
fetching a new CCW. 

Bit 26 Stat Next: Channel has detected that the last 
valid byte has been transmitted on the interface. 

Bits 28-31 MP latches: 

Routine MP Latch Function 

Idle Cl Degates start clock signal when start. 
test I or halt I/O instruction is detected. 

C4 Unit wants service but instruction line 
appears. Used for reset of channel and 
handlinJithe instruction. 

CCWI CI TIC op is detected. 
CCW2 C] CDA chaining; used in the request of unit 

select. 
C2 Chain check detected in CCW2; used to 

end update. 
C3 A channel check is prcsent. 
C4 Starts the clock for the fourth sequence 

except in Wr CDA. 
Wr Fctch CI Data is sent from storage to B register. 

C2 LI W line was sent by common channel. 
Unit C2 Degates the A clock in the first sequence 
Selcct of two complete clock cycles. 

C3 Degates the A clock in the second 
sequence of two complete clock cycles. 

C4 Used in the gating of the command to bus 
out. 

Bit 32 Sup Out: This is set: 
1. If ce chaining conditions were present when 

channel end status was received. Reset in next unit 
selection. 

2. When read CDA chaining to prevent chain 
checks when starting on byte boundaries and working 
with buffered units. Reset when byte counter is set 
with new information. 

3. For suppressing data under the following 
conditions: 

a. On read, if common channel allows LS 
fetches with the LS buffer finish latch on; 
on write, if one register is full and the 
end of the record has not been reached. 

b. If the multiplexor channel is in use and is 
not resetting the interface and the selector 
channel is transmitting data. 

Bit 33 Request In: The request in line is active. 

Bit 34 Svc Out Hold: This bit is set in unit selection 
in response to status in (except on Cll busy sequence). 
Used in write operation to prevent the active state of 
'svc in' until data is fetched from storage. 

Bit 35 Enable Stat: This bit allows the interface 
status in line to be gated to the IF controls when I/O 
status may be gated to the C register. 

Section H - Blank 

This panel is blank on the basic system. 

Section J - Local Store Chart 

The printed chart on this panel shows fixed assign
ments in the local storage area. 
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Section L - MC, SDR, IAR Indicators; Data and 
Address Keys 

This panel section contains indicators and switches 
for system maintenance and operator intervention. 

Master Check Indicator 

The master check light is on when any trigger in 
the error register is on (KT081). 

Maintenance Control (MC) Indicators 

This row of 36 indicators is used with the Fault 
Locating Tests (FLT's). Figure 169 shows the ALD 
page, hit position, and a description of the 36 
indicators. 

Storage Data Register 

The 36 indicators in this row display the Storage 
Data Register (SDR). Bit positions 0, 9, 18, and 27 
display the parity of the associated byte. Figure 170 
shows the ALD location of the indicators. 

Data Keys 

The 32 data keylever switches specify four data bytes 
to be stored in an addressed location. Correct parity 
is normally generated. Incorrect parity may be gen
erated with the reverse data parity switch. 

Data keys may be used to specify a selected ROS 
address for display or compare. A storage address 
is set into the data keys for SAR compare. The data 
keys are also used to simulate bytes of data when 
testing the channels. The keys can be changed without 
disrupting CPU operations. 

Reverse Data Parity 

This switch generates incorrect parity for data spec
ified in the data keys. Parity is inverted for all 
bytes of the word. The test light is on when this 
switch is on. 

Storage Select Switch 

The storage select rotary switch selects the storage 
area that is to be addressed by the address keys. This 
switch can be moved withOut disrupting CPU operations. 
The four switch positions are: Local Storage, Main 
Storage, Protect Storage, and MPX Storage (Bump). 

Instruction Address Register 

This row of 27 indicators displays the Instruction 
Address Register (IAR). Bit positions 9, 18, and 27 
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indicate the parity of the associated byte. Figure 
171 shows the ALD locations of the indicators. 

Address Keys 

The 24 address keylever switches address a location 
in a storage area. These keys, in conjunction with 
the storage select switch, permit store or display 
access to any location in local storage, main storage, 
protect storage, and bump storage. The keys can be 
changed without disrupting CPU operations. 

The address keys are also used to simulate various 
conditions when manually testing the channels. (Refer 
to Panel Section F - Channel Control.) 

Section M - Intervention and Maintenance Switches 

This panel section contains pushbutton, rotary select, 
and keylever switches that are required for operator 
intervention and system maintenance. The customer 
and CE usage meters and a permanent storage assign
ment chart are also located on panel section M. 

Rate Select Switch 

The rate switch determines the manner in which in
structions are to be performed. Three positions are 
provided: process, instruction step, and single cycle. 
When the rate switch is off the process position, the 
test light is on. 

Process: The system operates at normal clock speed. 

Instruction Step: One complete machine instruction 
is executed for each depression of the start switch, 
after which the CPU returns to the stopped state. 
The stop point is identical to that achieved by the stop 
switch. Any machine instruction can be executed in 
this mode. Input/output instructions are completed 
to the interruption pOint. The interval timer is not 

incremented while the rate switch is set to the in
struction step position. Moving the rate switch from 
process to instruction step while the CPU is running 
has no effect. 

Single Cycle: The CPU advances by its minimum 
clock amount for each depression of the start switch, 
returning to the stopped state each time. Input/output 
instructions can be single-cycled to the pOint where 
asynchronous operation begins. The asynchronous 
portion starts with the next depression of the start 
switch and runs to completion. If the start switch is 



depressed during this time, the next cycle is taken. 
If an interruption results, the interruption sequence 
is not automatically executed but must be single
cycled. Moving the rate switch from process to 
single cycle while the CPU is running stops the CPU. 

The stopped state for single cycle is one in which 
no CPU clocks are running. In the normal stopped 
state, ROS is running and executing the halt loop. 

Start PB Switch 

The start pushbutton switch starts system operation 
as defined by the rate switch. If it is pressed after 
a normal stop, it causes continuation of instruction 
processing as if no stop had occurred. If it is 
pressed after a system reset, the instruction desig
nated by the instruction address register is the first 
one executed. 

Stop PB Switch 

The stop pushbutton switch causes the CPU to enter 
the stopped state. The stopped state is indicated 
by the manual light being on.. The transition from 
operating state to stopped state occurs at the end of 
instruction execution. When the CPU is in the wait 
state, the transition takes place immediately. All 
interruptions which are pending and not masked off 
are taken, causing the old PSW to be stored and the 
new one fetched before entering the stopped state. 

System Reset PB Switch 

The system reset pushbutton switch resets the system 
to its initial state. The switch is active in all modes. 
The general status of the system after a system reset 
is: 

1. CPU is in the stopped state. 
2. All pending interruptions are eliminated. 
3. Each channel in the system receives a reset. 

The channels, in turn, issue a general reset to the 
I/O interfaces. (Off-line control units and I/O de
vices are not reset.) 

4. All error indicators are reset. Errors 
occurring during initialization will show. 

5. All local store registers are set to good 
parity. 

6. The bump area of main storage is set to good 
parity. The DA word is set to zero. The other 
three words associated with each subchannel are 
set to 07000000. 

7. The instruction address register is set to 
zero. 

8. The L, M, H, R, J, and MD registers are 
set to good partiy. 

9. The FLT Op register, pass and fail triggers, 
ignore error I/O trigger, and progressive scan stat 
are reset. 

PSW Restart PB Switch 

The PSW restart pushbutton switch causes a system 
reset followed by a load PSW operation from storage 
location zero. At completion of the load PSW, the 
CPU changes from stopped to operating state. This 
switch is active in all modes. 

Check Reset PB Switch 

The check reset pushbutton switch resets all check 
triggers in the error register and turns off the 
master check light. 

Set IC PB Switch 

The set IC pushbutton switch enters an address into 
the instruction address register. The address is 
specified by the address keys. This switch is active 
only when the CPU is in the manual state. 

Store PB Switch 

The store pushbutton switch stores information in an 
addressed location. Data specified by the data keys 
is placed in the location specified by the address keys 
and the storage select switch. Storage protection is 
ignored. The store switch is active only while the 
CPU is in the manual state. 

Display PB Switch 

The display pushbutton switch causes information in 
an addressed location to be displayed. The switch is 
active only while the CPU is in the manual state. 

The information at the storage location specified 
by the address keys and the storage select switch is 
displayed in the following indicators: 

Storage Indicators 

Main Storage Data Register 
Local L Register (CPU Roller #1, Roller Switch 

Position #1) 
MPX (Bump) Storage Data Register 
Protect F Register (CPU Roller #2, Roller Switch 

Position #4) 

Log Out PB Switch 

The log out pushbutton switch causes a complete log 
out of CPU and channel status. This log out is iden
tical to that which occurs when an error is detected. 
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The log out switch is active when CPU is in one of 
the following states: 

Manual 
Single cycle 
Hard stop 
ROS address compare stop 

Address Compare Key (IAR) 

The address compare (IAR) keylever switch provides 
a means of stopping the CPU or generating an oscillo
scope sync pulse on an instruction address compari
son. Three switch positions are provided: process, 
stop, and sync. When this switch is set to stop or 
sync, the test light is on. 

Process: No comparison is performeL.. 

Stop: An equal comparison between the address keys 
and the instruction address register causes the CPU 
to enter the stopped state. The stop occurs at com-· 
pletion of the addressed instruction. 

Sync: An equal comparison between the address keys 
and the instruction address register causes an oscillo
scope sync pulse to be generated at the sync control 
box. (The sync control box is mounted on the end of 
C gate behind the control panel.) 

Repeat Instruction Key (IAR) 

The repeat instruction (IAR) keyiever switch causes 
the instruction at the location specified by the ad-· 
dress keys to be repeated, under control of the rate 
and start switches. The test light is on when this 
switch is not in its normal position. 

Address Compare Key (ROS) 

The address compare (ROS) keylever switch 
causes a comparison Qf the twelve low-order data 
keys (thirteen for extended ROS) and the ROS address. 
Two positions are provided; stop and sync. The test 
light is on when the switch is not in the sync pOSition. 

Stop: The CPU stops on an equal comparison. The 
stop occurs at completion of the addressed microin
struction. 

Sync: An oscilloscope sync pulse is generated by an 
equal comparison. The sync pulse is available at the 
sync control box. 
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'Repeat Instruction Key (ROB) 

The repeat instruction (ROS) key lever switch causes 
the microinstruction at the location specified by the 
twelve (thirteen for extended ROS) low-order data 
keys to be repeated continuously. The test light is 
on when this switch is on. 

Address Compare Key (SAR) 

The address compare (SAR) keylever switch provides 
a means of stopping the CPU or generating an oscil
loscope sync pulse on any address other than instruc
tion addresses used for main storage. Two positions 
are provided: stop and sync. 

Stop: An equal comparison between :.he SAR compare 
keys (data keys 8-31) and the AOB to SAR causes the 
CPU to enter the stopped. state. 

Sync: An equal comparison between the SAR com
pare keys and the AOB to SAR genera.tes an oscillo
scope sync pulse as the sync control box. 

The above address comparisons are further gated 
to distinguish between 110 and CPU addresses by the 
SAR compare control keys (data keys 0 and 1). Both 
switches off (straight out) de conditions the SAR 
compare. The SAR Address Compare switch is in
effective in FLT modes. 

Disable Interval Timer Key 

This keylever switch prevents the interval timer 
from advancing. The test light is on when this 
switch is on. 

Lamp Test Key 

The lamp test keylever switch permits all indicators 
(except marginal voltage, frame thermal, open CB, 
and power check) to be tested simultaneously. The 
indicator driver is tested as well as the lamp. 

Force Indicators Key 

A special FLT op register is used to control scan
out during execution of FLT tests. At such times 
the information displayed in the status indicators is 
under control of this special op register rather than 
the status roller select switches. 

The force indicators keylever switch provides a 
partial override of the FLT op register. Any in
dicator that was off will give a valid indication when 
the switch is pressed. The force indicators switch 



allows certain registers and status information to 
be displayed regardless of the FLT op register and 
is primarily intended for use during single cycling 
of FLT's. 

FLT Mode Key 

The FLT mode keylever switch is used with the FLT 
tests. Two positions are provided: start/load and 
force pass. 

Start/Load: This position redefines the start and 
load switches to provide for initial loading of FLT 
programs and starting up after a test termination. 
When the load switch is pressed, IPL is not executed. 
Instead, an FLT load occurs using hardcore controls, 
and data enters storage directly, bypassing common 
channel hardware. If the start switch is pressed 
following a stop condition, testing is resumed. 

Force Pass: This position causes bypassing of a 
failing FLT when the start switch is pressed following 
a stop condition. 

FLT Control Select Switch 

The FLT control rotary select switch provides five 
modes of operation when performing FLT load or 
executing tests. The switch positions are: process, 
stop, repeat, auto re-read, and halt after load. 

Process: Each FLT is executed 16 times before 
branching to the next test. 

Stop: The CPU stops after repeating a test 16 t.imes 
if the fail trigger has been set. 

Repeat: The FLT being executed is repeated con
tinuously. The pasa/fail indicators are reset every 
16 times. 

In each of the first three positions (process, stop, 
and repeat) a data check during FLT load causes the 
CPU to hang up. The two additional positions of the 
switch are provided to control retry; both cause 
execution in the process mode once the FLT record 
is in main storage. 

Auto Re-Read: Backspace and retry occur auto
matically without the need for manual intervention. 

Halt After Load: CPU hangs up at the end of any 
FLT load sequence whether it was correct or not. 
If correct, the start switch causes execution. If 
incorrect, the start switch causes a backspace and 
then a hang up. 

Check Control Select Switch (CPU or Channel Op) 

The check control rotary select switch provides four 
modes of operation when an error is detected in 
either the CPU or channels. 

CPU OPERATION: 

Process: Unless PSW bit 13 is masked, this position 
causes an error log of the entire system followed by 
a machine-check interrupt. If PSW bit 13 is masked, 
the error register will be set but the error will re
main pending. Error log and machine-check inter
rupt will occur upon unmasking of bit 13. 

Disable: Any errors that occur are set into the error 
register but operation continues. No log out or inter
rupt occurs. 

Stop; The first error that occurs stops the system 
with the error displayed in the error register. 

Chan Stop: The first error that occurs stops the 
system with the error displayed in the error register. 

CHANNEL OPERATION: 

Process: If bit 13 is masked, operation proceeds 
(as in disable mode) except that system log out due 
to error detection takes place when bit 13 is un
masked. The selector channel stops and is logged 
upon detection of a channel control or interface 
control check. Two types of logouts may occur; (1) 
full log out, which includes the selector channel in 
error and CPU registers; or (2) partial log out, 
which includes only the selector channel. 

Full log out occurs as a result of the following 
check conditions: 

Parity check of logword 5 test 
Parity check detected by CPU 
First cycle test 
Chain check 
Time out check 

Partial log out occurs as a result of the following 
check conditions: 

Interface control checks 
Byte counter parity check 
Interface bus out parity check on non-data sent 
to the unit 
Logword 4 test 
Zero test or logword 5 test 

Any other selector channel errors request an I/o 
Interrupt with the status in the CSW. 

Disable: When a check condition is detected, the 
channel attempts to terminate the operation and have 
status formed in the CSW. If an interface control 
check exists, an interface reset sequence occurs 
immediately. 

The time out signal associated with an I/O in
struction is not sent to the selector channel; the time 
out check causes the common channel to initiate 
formation of the CSW and reset the selector channel. 
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Stop: The selector channel and CPU stop upon de
tection of a channel control check, interface control 
check, or any CPU check condition. 

Channel Stop: The selector channel stops on de
tection of any channel check condition except IU, 

I program check, storage protect check, or chan
nel data check. CPU check conditions also freeze 
channel operations. 

In this mode t interface responses (out tags) are 
delayed until 'in tag delay 3' time so that a check 
condition detected by interface tests can stop the 
channel response on the interface. This mode should 
not be used with diagnostic programs that force 
check conditions. 

Metering 

Two time-recording meters and a key-operated switch 
are located on panel section M. One meter records 
customer usage time; the other records maintenance 
time. The key-operated switch selects which meter 
is to record the running time. The selected meter 
accumulates time when: 

1. The manual light is off and there is no wait 
bit in the PSW. 

2. A metering-in signal is received from any 
I/O device. 

3. Any system control panel pushbutton switch 
is pressed. 

Section N - Operator Controls 

This section of the system control panel contains the 
controls required by the operator when the CPU is 
operating under full monitor control. A minimum of 
direct intervention is required of the operator be
cause the control program performs routine opera
tions such as store and display. The main functions 
provided on this panel section are the control and 
indication of power and initial program load controls. 

Power On PB Switch 

The power-on switch initiates the power-on sequence 
for the system. Power is applied to dc supplies in 
five groups. Power controls include sensing circuits 
to prevent application of the next group until all 
levels in the previous group are present. Power and 
cooling failures bring power down in reverse sequence. 

A system reset occurs at the completion of the 
power-on sequence. The button is backlighted to indi
cate when power is on and the ItO Adapter relay has 
stepped to completion. Power-on switch is active 
only when emergency off switch is 'in'. 

Power Off PB Switch 

The power-off switch initiates the power-off se
quence for the system. 
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Load PB Switch 

The load switch causes a system reset and starts the 
Initial Program Load (IPL) routine. 

Load Unit Select Switches 

Three rotary select switches provide an II-bit 
number to select the channel and I/O device for IPL. 
The left switch has eight positions labeled 0 through 
7 to select the channel. The other two switches se
lect the device and are labeled with the hexadecimal 
characters 0-9 and A-F. 

Interrupt PB Switch 

The interrupt switch causes an external interruption 
request. The interruption is taken when not masked 
off and when the CPU is not stopped. Otherwise the 
interruption request remains pending. When the 
interrupt is taken, bit 25 of the PSW is set to one 
to indicate that the interrupt switch is the source of 
the external interruption. 

System Indicator 

This indicator (PK1 01) is on whenever the customer 
usage meter or the maintenance meter on the system 
control panel is running. 

Manual Indicator 

This indicator (PK101) is on when the CPU is in the 
stopped state. 

Wait Indicator 

This indicator (PK1 01) is on when the CPU is in the 
wait state (bit 14 of the current PSW is one). 

~ Opera,tions cannot be single-cycled while 
the CPU is in the wait state. 

Test Indicator 

This indicator (PKIOl) is on when a manual control 
is not in its normal pOSition or when a maintenance 
function is being performed for CPU, storage, or 
channels. The following switches light the test in
dicator when not in their normal poSitions: 

Check Control 
Reverse Data Parity 
F1.T Mode 
F1. T Control 
Addre .. Compare (lAR) 
Repeat Instruction (IAR) 
Disable Interval Timer 
Address Compare (SAR) - Stop 

Load Indicator 

Manual Operation 
Rate 
Addres. Compare (ROS) 
Repeat Instruction (ROS) 
Storage Test 
Invert SAR Bit 16 
CE Mode (Metering) 

This indicator (PL031) is on while the CPU is ex
ecuting the IPL routine. The indicator is turned on 



when the load switch is pressed and is turned off 
after the read operation and loading of the new Pro
gram Status Word (PSW) are successfully completed. 

OPERATING INSTRUCTIONS 

• Power, interrupt, and initial program load 
switches onpanel section N provide basic system 
control. 

• Switches and indicators on panel sections Land 
M permit program intervention by the operator. 

The switches on panel section N permit the manual 
operations that are necessary when the system is 
to be operated under .full supervisor control. Power 
switches apply or remove system power; initial 
program load switches reset the system and load 
the first program; and the interrupt switch allows 
an 0xternal interrupt request to be made. Five in
dicators on panel section N display overall system 
status to the operator. Start, stop, reset, display, 
store, and other intervention operations are per
formed with the switches and indicators located on 
panel sections Land M. 

System Initialization 

System initialization results from a system reset. 
A system reset occurs with the power-on sequence, 
the initial program load routine, or from the de
pression of either the system reset or the PSW re
start switch. 

Initial Program Load (IPL) 

Initial program load is performed by selecting a 
properly-prepared input device with the load unit 
rotary select switches and pressing the load push
button switch. The three rotary switches provide the 
Il-bit address of the desired device. The leftmost 
switch, labeled 0-7, designates the channel number. 
The two remaining switches, labeled with the Hex 
characters 0-9 and A-F, designate the device. 
Pressing the load pushbutton switch causes a system 
reset, turns on the load indicator, turns off the man
ual indicator, and initiates a read operation from the 
selected input device. 

IPL reads new information into the first six words 
of main storage. The remainder of the IPL program 
may be placed in any desired section of storage. 
Storage protection, program controlled interruption, 
and incorrect length indication are ignored. 

Display and Store Operations 

Intervention controls on panel sections Land M per-

mit the operator to display or store data in main 
storage, in local storage, and in the working PSW. 
For these operations the system must be in the 
stopped state (manual indicator on). The stopped 
state is achieved at the end of the current instruction 
when the stop switch is pressed, when single instruc
tion execution is specified, or when a preset stop ad
dress is reached. 

Display Main Storage 

1. 'Manual mode. 
2. Set the desired address in address switches 8 

through 29. 
3. Turn the storage select switch to "Main." 
4. Press the display switch. 
5. The word at the desired address is displayed 

in the SDR indicators. 

Store in Main Storage 

1. Manual Mode. 
2. Set the desired address in address switches 8 

through 29. 
3. Turn the storage select switch to "Main." 
4. Set the desired data switches. 
5. Press the store switch. 

Display Local Storage 
1. Manual mode. 
2. Set the sector to be displayed in address 

switches 22 and 23. 
3. Set the word to be displayed in address switches 

24 through 27. 
4. Turn the storage select switch to "Local. " 
5. Press the display switch. 
6. The selected word is displayed in the L Register 

(CPU Roller #1, Switch Position #1). 

Store in Local Storage 

1. Manual mode. 
2. Set the desired sector in address switches 22 

"and 23. 
3. Set the desired word in address switches 24 

through 27. 
4. Set the desired data switches. 
5. Set the storage select switch to "Local." 
6. Press the store switch. 

Display the Working PSW 

1. Manual mode. 
2. Set address 170 in the address switches. 
3. Set the storage select switch to "Local." 
4. Press the display switch. 
5. The working PSW (first half) is displayed in 

the L Register (CPU Roller #1, Position #1). 
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Alter the Working PSW 

1. Manual mode. 
2. Set address 170 in the address switches. 
3. Set the storage select switch to "Local." 
4. Set the desired data switches. 
5. Press the store switch. 

Miscellaneous Operations 

Set the Instruction Counter 

1. Manual Mode. 
2. Set the desired instruction address in the ad

dress switches. 
3. Press the set IC switch. 

Stop on an Instruction Address 

The following steps should not be taken while ex
ecuting a program but may be taken in any other 
mode. 

1. Set the desired address in the address key
lever switches. 

2. Place the IAR address compare switch in the 
stop position. 

3. The address in the address switches will be 
executed and the next address in the program will 
be displayed in the IAR. If the instruction at the ad-
dress in the address switches is a branch instruction and 
the branch is taken. the address displayed in the IAR 
is the address of the branch instruction. 

Changing the address keys while in IAR stop or sync 
mode and a program is running, may cause a machine 
check condition to occur. 

Reset An Error Indication 

The check reset switch is normally used to reset all 
machine check indicators. Check reset only resets 
the error indicators and does not guarantee that the 
obj ect program has not been altered by a machine 
failure. A system reset, however, resets the com
plete system, including all pending interruptions. 

Bump Storage Display 

To display bump storage: 

1. Set the storage select switch to MPX 22-31. 
2. Set the desired word in address switches 22 

and 23. 
3. If an unshared subchannel is being displayed. 

set the unit address in address switches 24-31. 
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4. If a shared subchannel is being displayed. set 
the modified unit address in address switches 24-31. 

5. Press the display switch. 

To display bump storage after a hard stop: 
1. Set the ROS address switches (data switches) 

to 191 (Hex). 
2. Set ROS REPEAT INSN down. 
3. Press START. 
4. Set check control switch to DISABLE. 
5. Set manual channel control to MPX. 
6. Restore ROS REPEAT INSN. 
7. Set the rate switch to INSN STEP. 
8. Press START. 
9. Press STOP. 

10. Follow the foregoing procedure to display 
deSired location. 

Clear Storage 

1. System reset. 
2. Set IAR keys to zero. 
3. Set rate switch to SINGLE CYCLE. 
4. Set data switch 22 down (all others straight 

out) . 
5. Set ROS REPEAT INSN down. 
6. Press START. 
7. Restore ROS REPEAT INSN. 
8. Restore data switch 22. 
9. Set rate switch to PROCESS. 

10. Press START. 
11. System reset. 
12. Press STORE. 

Alternate Method of Clearing Storage 

1. Set data switch 22 down (all others up). 
2. Set ROS REPEAT INSN down. 
3. System reset. 
4. Restore ROS REPEAT INSN. 
5. Restore data switch 22. 
6. Allow IAR to ripple through one time. 
7. Set ROS REPEAT INSN down to terminate. 
8. System reset. 

ROS Function Check 

.Figure 172 shows the content of the closed loop 
starting at ROS 202 that can be used to display, 
change, and observe the content of the various CPU 
registers (QWlll). 

ROS 202 Loop Procedure: 
1. System reset. 
2. Set check control switch to DISABLE. 
3. Set rate switch to SINGLE CYCLE. 



4. Set data switches 22 and 30 down. 
5. Set ROS REPEAT INSN down. 
6. Press START. 
7. Restore ROS REPEAT INSN. 
8. Set desired data in data and address switches. 
9. Set rate switch to PROC ESS. 

10. Press START. 
The following results will occur: 
Data keys to the L, R, M, and H registers, andSDR. 
Data keys 12-15 to J-reg; 8-11 to MD; and 28-31 to 

F-reg. 
Address keys to IAR and SAR (to initiate storage 

cycle for read out and regenerate). 
Note: For ZCT failures, use this routine to load 

all registers. 

Recycle Any Maintenance Console PB Operation 

1. Tie C-A4H23 (manual control pulse S8) PK001 
to A-A4E2D2 (60-cycle interval timer KS252) . 

2. Depress pushbutton to be tested, and hold it 
depressed as long as cycling is desired. 

Note: The 60-cycle interval timer pulse will fire 
the manual control pulse SS, and, as long as any 
maintenance console pushbutton is depressed, the 
operation will be restarted by the pulse that updates 
the timer. 

THEORY OF OPERATION 

• System reset, power-on reset, PSW restart, 
and IP L use common reset routine. 

• IPL routine loads the initial program and starts 
program execution. 

• Stop switch sets stopped state and halt loop. 

• ROS halt loop samples panel switches for display 
and store operations. 

Power On t Power Off 

The power-on switch initiates the power-on se
quence. The pushbutton is backlighted to indicate 
when power is on. The power-off switch initiates 
the power-off sequence. For theory of operation 
of the power-on and power-off sequences refer to 
FE Theory of Operation, System/360 Model 50 Power 
Distribution and Control SY22-2829. 

System Reset 

The Model 50 is initialized with a system reset. A 
system reset occurs w.ith the power-on sequence; 
the initial program load routine; or from depression 
of the system reset or the PSW restart switch. The 

general status of the system after a system reset is: 
1. CPU is in the stopped state. 
2. All pending interruptions are eliminated. 
3. Each channel in the system receives a reset. 

The channels, in turn, issue a general reset to the 
I/O interfaces. (Off-line control units and I/O de
vices are not reset.) 

4. All error indicators are reset. Errors oc
curring during initialization will show. 

5. All local store registers are set to good 
parity. 

6. The bump area of main storage is set to good 
parity. The DA word is set to zero. The other 
three words associated with each subchannel are 
set to 07000000. 

7. The instruction address reEister is set to 
zero. 

8. The L, M, H, R, J, and MD registers are 
set to good parity. 

9. The FLT Op register, pass and fail triggers, 
ignore error I/O trigger, and progressive scan stat 
are reset. 

System Reset Operation 

The system reset timing sequence is shown on Timing 
Chart 203--System Reset Sequence, #T2031. Figure-
173 in this manual is a flow diagram of micro
program system reset. 

System reset or power-on reset forces address 
242 on QUIOO. IPL routine and PSW restart enter 
the common reset routine at block 2B2. At this 
point, two parallel operations are started: correct 
local store parity, and load bump storage. Local 
store data is run through the adder for correct 
parity insertion. The DA word of bump storage is 
loaded with zeros; the other three words associated 
with each subchannel are loaded with 07000000. 

Local store is addressed with bits 2 and 3 of the 
emit field and bits 24 through 27 of the R register. 
The R register must therefore be decremented 16 
times to cause a change in bits 2-5 of LSAR. Be
cause of this, each local store word is parity-cor
rected a number of times while bump is being loaded. 
When byte three of the R register is reduced to all 
zeros, the loop operation is finished and a branch 
exit results from S3 and MD settings. For system 
reset, S3 = 0 and MD = 3 cause a branch to block 
204 to restore PSW 0-7 and 12-15. The routine 
then goes to the halt loop on QT200. 

Microprogram Reset: The following procedure can 
be used to check the reset loop on QUI00: 

1. Set rate switch to PROCESS: enter address 
242 in ROS address entry keys. 

2. Set the stop on ROS address switch to ON. 
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3. Depress system reset pusbbuttons; the 
system should stop at next ROS address 2BA. FLT 
2 and block indicators should light (to check ROAR, 
depress force indicator lever). Each subsequent 
address will appear in the next ROS address field 
and represents the true next address. 

4. Set rate switch to SINGLE CYCLE. 
5. Single cycle through the microprogram and 

assure that the proper conditions are set. 
6. Single-step through the bump storage loop 

and local storage loop. 
7. Enter 243 in ROS address entry keys. 
8. Set the stop on ROS address switch to ON. 
9. Set rate switch to PROCESS. 
10.. Depress the system start pushbutton; this 

will loop through all of the bump storage loop. 
Current ROS will stop at 243. 

Halt Loop: The following procedure can be used to 
check the halt loop on QT2GG: 

1. Perform step (7) through (10.) from previous 
operation (microprogram reset). 

2. Set the rate switch to SING LE CY C LE and 
continue single stepping through the microprogram 
until current ROAR 150.. 

3. Set the rate switch to PROCESS. Depress 
START. 

Current 
1 ROS Address i 

Condition 

I 

243 I Set allow error and error 

I interrupt on 

204 I 150 Halt loop 
191 I Halt loop 

18C I Halt loop 

208 I 
Halt loop 

4. Enter 20.8 in ROS address entry keys, set the 
stop on ROS address switch to ON. 

5. Depress the system reset pushbutton; CPU 
will stop with current ROAR at 20.8. 

6. Return the stop on ROS address switch to 
normal; depress the system reset pushbutton. 

When ROAR is at address 20.8, halt loop is op
erating cor.rectly. Set the rate switch to PROCESS 
and depress the system start pushbutton; all four 
clock indicators should come on. 

Initial Program Load 

To load a program, the channel number and the de
sired device must be entered in the three load unit 
switches. 
Pressing the load pushbutton causes a system reset 
and initiates a read operation from the selected in
put device. 
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The first 24 bytes read are placed in storage lo
cations 0.-23. The doubleword in location 0. is the 
IPL PSW. The doubleword read in location 8 is the 
channel command word (CCW). When chaining is 
specified in this CCW, the operation proceeds with 
the CCW at location 16 (CCW2). 

After the input operation is performed, the I/O 
address is stored hi bits 21-31 of the first word in 
storage. Bits 16-20. are set to zero; bits 0.-15 re
main unchanged. The CPU proceeds under control 
of the new PSW in location 0. and the load indicator 
is turned off. Interruptions that become pending 
during IPL are taken before instruction execution. 

If the PSW in location 0. has bit 14 set to one, the 
CPU is in the wait state after IPL. If the I/O opera
tion and PSW loading are not completed satisfactorily, 
the CPU idles and the load indicator remains on. 

IPL Operation 

IPL timing and clock controls are shown on Timing 
Chart 20.2--Load Sequence, IT20.21. Microprogram 
logic flow is shown on Figure 174 in this manual. 

The IPL load switch forces address 240. on QUIo.o.. 
The error and H registers are cleared; MD is set to 
3; sa is set to 1; and the common ,reset routine is 
initiated. At the completion of system reset, MD = 3 
and S3 = 1 branches the microprogram to QK80.0.. 

On QK8GG: CCW2 is set up, the unit and channel 
addresses are set in the L register, and zeros are 
set in the R register for the command address. S3 
is reset; S7 is set; and Start I/O is issued. The 
program then loops on block 988 waiting for the chan
nel response. 

With the channel response, S3 is set on to break 
out of the wait loop. Stats 0.-3 are reset and a test 
is made for condition code (CC) = 0.. CC = 1, 2. or 3 
indicates that Start I/O is not accepted by the channel 
and the microprogram will loop in block 98C. 
CC = 0. indicates that Start I/O has been accepted and 
begun by the channel. S7 is reset, Test I/O is 
issued, and the wait loop is taken for channel re
sponse. sa is turned on with channel response and 
a test is made for CC = 1 (channel end). The micro
program loops on CC = 2 (channel busy) until CC = 1 
is received. After channel end sets CC = 1, channel 
status and unit status checks are made on logic QK80.1. 

Channel status (40-47 of CSW) must be XXGo.GGGG 
or the program will loop on block 990.. Unit status 
(33-39 of CSW) must be GXXGIXGG or the program 
will loop on block 919. If both status checks are 
good, the PSW is loaded from location zero and pro
gram execution is. started. 

Note: If IPL hangs up with the CPU idle and the 
load indicator on, the microprogram will most 



likely be in one of the following loops: 
Block 988 - No channel response 
Block 98C - Start I/O not accepted by channel 
Block 990 - Channel status bad 
Block 919 - Unit status bad 

Start, Stop 

The start and stop switches on panel section Mallow 
the operator to inte rvene in programmed system op
eration. 

The start switch initiates system operation under 
control of the rate switch. After a system reset, 
the start switch begins program execution with the 
instruction designated by IAR. After a normal stop, 
the start switch causes processing to continue as if 
no stop had occurred. 

The stop switch places the CPU in the stopped 
state. The manual trigger is turned on and the re
sultant exception branch causes ROS to enter the 
hal t loop. Store, display, and other exception-type 
manual operations are dependent on the halt loop. 

Figure 175 in this manual is a diagram of start, 
stop, and exception logic. For start and stop sequence 
timing refer to Timing Chart 210--Start, Stop, Check 
Reset, #T2101. Exception logic flow is shown on 
CLF 121, Basic Interruption Flow and CLF 122, 
Interruptions/Exceptions, in the Diagrams Manual. 

Start 

Pressing the start switch after a normal stop turns off 
the manual trigger to allow ROS to break out of the 
halt loop and branch to I-fetch. The start switch fires 
the 135 ns singleshot (any pushbutton) to bring up the 
MC Pulse Ungated line. This line develops MC Pulse 
Gated which AND's with the start PB switch to bring 
up Start Sw. With the rate switch set to process, 
Start Sw tUrns off both manual triggers and the stop 
trigger. Manual trigger off drops the Exception line 
allowing ROS to exit from the halt loop. 

On QT200, Exception = 0 causes a branch out of 
the halt loop. PSW 0-15 is set in the L Register to 
restore the storage protect key; IAR is set in the H 
Register and through the adder to set SAR; and a 
branch is made to I-fetch. The Start PB line that is 
brought up along with Start Sw develops the Pulsed 
Start PB line (circled 5 on Figure 175). Pulsed 
Start PB drops Hard Stop and develops the clock 
controls on logic KT211 and KT221. 

Stop 

Pressing the stop switch turns on the manual trigger 
to place the CPU in the stopped state and ROS in the 

halt loop. The stop PB switch generates the same 
MC pulse as the start switch. MC Pulse Gated AND's 
with the stop PB switch to bring up Stop Sw which 
turns on manual triggers A and B. Manual trigger A 
sets Exception = 1 to cause ROS to branch to the halt 
loop after the current instruction has been executed. 
Manual trigger A also turns on the manual indic.ator 
and brings up Halt Trigger (KS141) to enable the 
setti.ng of stats 4-7 for subsequent manual operations. 
Manual trigger B on inhibits the Timer Update Signal 
(Timer Tick). 

The halt loop on QT200 consists of four micro
program instructions. The first instruction samples 
the control panel switches to set stats 4-7, turns off 
the stop trigger, and checks for external or channel 
interruptions. The second and third instructions 
decode stats 4-7 for manual operation requests. The 
fourth instruction indicates no manual requests have 
been made and therefore turns on the stop trigger 
and tests for exception. With exception held on by 
the manual trigger on, ROS will continue cycling in 
the halt loop waiting for operator intervention. 

Halt loop manual operations (display, store, set 
IAR, etc.) set stats 4-7 for the correct branch from 
microinstruction two or three of the halt loop. All 
branch instructions, except one, will turn on the 
stop trigger to inhibit any external or channel inter
ruptions. , The one exception is the instruction step 
operation which allows one instruction to be executed 
and interrupts, if any, to be taken after execution. 
On return to the halt loop, the fourth instruction 
turns on the stop trigger to prevent any subsequent 
interruptions. 

Halt Loop Operations 

Halt loop operations are performed under control of 
the halt loop and GP stats 4 through 7. The Op Panel 
to S 4-7 microorder (step one of the halt loop) sets 
the stats indicated by the Cons Fcn lines that are 
brought up by the panel switches. The halt loop 
controlled operations are: 

Instruction step 
Set IC 
Repeat instruction (IAR) 
Address compare (IAR) 
Display and store main storage 
Display and store protection key 
Display and store local storage 
Display and store bump storage 
All of the above operations, except address com

pare, require that the CPU be in the stopped state 
(ROS in the halt loop, QT200). Address compare 
will force ROS into a halt loop cycle after each in
struction execution. Step one of the halt loop allows 
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the control panel switches to set stats 4-7. Steps 
two and three of the halt loop decode the stats and 
branch ROS to the desired routine. Logic flow for 
the operations is shown on CLF 122, Interruptions/ 
Exceptions, in the Diagrams Manual. 

Stat Setting 

Figure 176 shows the GP stats that are set by the 
panel switches and the logic involved. The Hex value 
of the four stat bits is used on the Interruption/ 
Exceptions C LF chart to denote the operation. The 
switch settings on the control panel bring up the 
proper Stat Cons Fcn lines which are gated by Set 
Sts 4-7 Per CE Cons and the halt trigger to set the 
general purpose stats. 

Instruction Step 

The rate switch set to instruction step turns on the 
m·anual trigger (if off) and brings up the exception 
line (Figure 175). Pressing the start switch (wait 
bit must be off) develops the Stat 7 Cons Fcn line 
allowing stat 7 to be turned on. Decode of stats 4-7 
branches ROS to instruction 151. The stop trigger 
is left off to allow interrupts following instruction 
execution to be honored. Storage protect key is re
stored and a branch to I-fetch is made with the H 
register (instruction address) in SAR. (Refer to 
CLF Interruptions/Exceptions.) 

After the single instruction has been executed 
and interrupts, if any, taken, the halt loop is re
entered. Step four of the halt loop (150) turns on the 
stop trigger to prevent any subsequent interruptions. 

Set Ie 

The set IC switch enters an address, specified by the 
address switches, into the IAR. Set IC develops 
Set IAR to set stat 6. Halt loop decode branches ROS 
to instruction 152. The stop trigger is turned on. 
the address keys are set in IARj and ROS returns 
to the halt loop. 

Repeat Instruction (IAR) 

The repeat instruction switch causes the instruction 
at the location specified by the address keys to be 
repeated. Pressing the keylever switch down allows 
the setting of stats 6 and 7. Stat decode causes ROS 
to branch out of the halt loop to instruction 153. The 
stop trigger is turned on. storage protect key is re
stored; the address keys are set in SAR. and ROS 
branches to I-fetch. At the completion of instruction 
execution, the exception branch returns ROS to the 
halt loop and the same routine is repeated. 
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Address Compare (IAR) 

With the address compare switch in the stop pOSition, 
an equal compare between the address keys and the 
IAR causes the CPU to enter the stopped state after 
execution of the addressed instruction. In the sync 
position, the same comparison causes an oscillo
scope sync pulse to be generated but processing con
tinues. 

The address compare switch set to stop or sync 
sets the exception branch (Figure 175) and causes the 
turn on of stat 5 (Figure 176). The exception branch 
takes ROS to the halt loop after each instruction 
execution. Stat decode branches ROS to instruction 
209 to turn on the stop trigger and set the address 
keys in the L register. The L register is compared 
with IAR (R register) and the storage protect key is 
restored. An unequal compare allows ROS to branch 
directly to I-fetch with the next address. 

An equal compare between the Land R registers 
causes generation of the sync pulse by instruction 
107. If the address compare switch is set to the 
sync position, ROS branches to I-fetch with the next 
instruction address. If the address compare switch 
is set to the stop position, the sync pulse turns on the 
manual trigger (Figure 175) to place CPU in the 
stopped state. 

Note: The address compare switch in the stop or 
sync position adds a minimum of 3 microseconds 
(time required to check IAR keys and IC for com
parison) to each instruction. 

Display and Store 

Figure 176 shows the stats that are set for each 
unique display or store operation. Use the Hex value 
of the stat bits to follow the eLF Interruptions/ 
Exceptions diagram. 

All display or store operations cause stat 4 to be 
set on. Store operations will also set stat 7 on. The 
setting of stats 5 and 6 is dependent on the storage 
area defined by the storage select switch: main, 
local, protect, or bump (MPX). 

Halt loop decode of stats 4-7 causes all display 
and store operations to branch to logic QT220 (20A 
for main storage and storage protect; 20B for local 
storage and MPX bump storage). The display 
timing sequence is shown on Timing Chart 208, 
HT2081; the store timing sequence is shown on 
Timing Chart 207, HT2071. 

Display: The display pushbutton switch causes the 
data at the address and the storage unit speCified by 
the control panel switches to be· displayed. The 135 
ns (any pushbutton) singleshot generates the MC 
Pulse Gated line which AND's with the display PB 



switch to develop Display Store The Display Stor 
line allows stat 4 to be set. The position of the stor
age select rotary switch determines the setting of 
stats 5 and 6 (Figure 176). Halt loop decode of stats 
4-7 branches ROS to QT220 for the selected routine 
as follows: 

Display Main Storage--20A, 20D, 235. 
Address keys to R register to SAR. 
SDR displays data at the location specified. 

Display Storage Protect Key--20A, 20E, 2BB, 
2BE. 

Address keys to R register to SAR. 
Storage Protect Key to F register. 
F register indicators display Protect Key 
(CPU Roller #2, Position #4). 

Display Local Storage--20B, 244, 2Cl, 21-
(branch on sector), 234. 

Address keys 22-23 to LSFR, 24-27 to MD 
(LS sector, address). 
Local Sto rage to L register. 
L register indicators display local stonll~e 
(CPU Roller #1, Position # 1). 

Display MPX Bump Storage--20B, 244, 2C3, 21-
(branch on sector), 235. 

Address keys 22-31 to SAR (22-23 = sector) 
SDR indicators display bump area specified. 

All display routines end by branching b~ck to 
the halt loop. 

Store: The store pushbutton switch causes the data 
specified by the data keylever switches to be stored 
in the selected area. The MC Pulse Gated line AND's 
with the store PB switch to develop the Write Stor 
line. Write Stor allows the setting of stats 4 and 7. 
The setting of stats 5 and 6 is dependent on the posi.
tion of the storage select rotary switch. Halt loop 
decoding of stats 4-7 branches ROS to QT220 for the 
selected routine as follows: 

Store in Main Storage--20A, 20D, 237. 
Address keys to R register to SAR. 
Data keys to SDR. 

Store Storage Protect Key--20A, 20F, 2BF. 
Address keys to R register to SAR. 
Data keys to F register. 
F register to storage protect. 

Store in Local Storage--20B, 244, 2Cl, 21-
(branch on sector), 236. 

Address keys 22-23 to LSFR, 24-27 to MD 
(LS sector, address). 
Data keys to Local Storage. 

Store in MPX Bump--20B, 244, 2C3, 21-
(branch on sector), 237. 

Address keys 22-31 to SAR (sector, address). 
Data keys to SDR. 

All store routines end with ROS branching back 
to the halt loop. 
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Bit 
Indicator ALO Position Description 

START I/O KEOOI 
TEST I/O KEOOI 

0-3 
The CPU generated I/O instruction turns on the appropriate indicator - Start I/O I Test I/O I Halt I/O I or 

HALT I/O KEOOI Test Chan. The indicator is on until the channel responds. 
TEST CHAN KEOOI 
CHAN 

{ ~ 
KE021 

NUMBER KE021 4-6 Selected channel number in binary. 
KE021 

n KE05t 
INSTR KE051 7-10 Indicates the condition code with which the channel responded to an I/O instruction. 
REPLY KE06t 

KE061 
REPLY KE071 \I Reply is on when a reply to an instruction is receIved from a channel. 
BCHI 1(1:141 12 lSranch on channel Interrupt 's on whenever an unmasked channel wants to Interrupt. The latch IS checked 

by the microprogram during I - fetch 
PRCD UN IRPT KEIOI 13 Proceed on Interrupt 15 turned on by a Signal trom Lt'U In reply to 6CHI. 
TIME OUT KE091 14 Time out is on after an I/O instruction or proceed on interrupt is given to the channel and CPU has not 

ITiMroUTCHK 
received a reply for 74 usec. 

KE091 15 Time out check 15 on if an answer 15 not receIved from the channel after tllne out. 
FOUL KE091 16 Foul is on if there is a program check on a start 1/9 instruction that is detected by CPU microprogram. 

17-35 Not used. 

FIGURE 137. COMMON CHANNEL ROLLER - POSITION I 

ROS 81TS 

33 34 I 47 

Bit 
Indicator ALO Position Description 

RTNE RCVO KE301 0 Routine received is on when a request to break into CPU is granted. 
PCI ENABL KEI31 I PCI enable is on during a PCI routine. 
BREAK IN KE301 2 Break in is on after a routine received signal has been received and break in is occurring. 
I/O RTNE KE311 3 I/O routine is on whenever on I/O routine is being processed. 
EARLY FIRST CYC KE301 4 Early first cycle is on early in the first cycle of an I/O routine. 
FIRST CYC KE301 5 First cycle is on during the first cycle of an I/O routine. 
CHAIN FIRST CYC KE321 6 Chain first cycle is on during the first cycle of a chained routine. (One routine is finished and the 

next started without CPU breaking in.) 
LS RO KE471 7 Local store read is on during a local store read routine when data is transferred from the B register to the 

local store buffer. 
LS WR KE471 8 Local store write is on during a local store write routine when data is transferred from the local store buffer 

to the B register. 
CHAL OTC KE«I 9 Channel to adder latch data transfer and control is on when the micro-order is given telling a selector 

channel to tronsfer information from the channel to the odder lotch, 
ALCH OTC KE«I 10 Adder lotch to channel data transfer and control is on when the micro-order is given telling 0 selector 

-:hannel tC'l transfer information from the adder latch to the channel. 
CHAIN KE321 \I Chain is on durillQ the lost cycle of a routine and indicates that another routine is to be chained into. 
LAST CYC KE321 12 Lost cycle is on during the last cycle of a routine and indlcat .. that chaining to another routine will 

not occur. 
BREAK OUT KE321 13 Break out is on when a routine is completed and CPU and ROS are restored to the point they were at 

before break in. 

{ 
0 KE381 

SBCR 1 KE381 14-17 Storage byte control register is used by the selector channel to designate the bytes that are to be placed 
2 KE381 placed in storage during a read store. 
3 KE381 

18 Not Used 

{ ~! 
KE<Wl 

ROS KE«I 19-20 ROS bits 33 and 34 represent timing signals to the chonnel (I/O mode). 
BITS 47 KE321 

21-22 ROS bits 47 and 48 represent control signals to the channel (I/O mode). 
48 KE321 

FIRST CYC CHK KES31 23 First cycle check is mode during the first cycle to make sure that ROS is really in the first cycle of an 
I/O routine. 

24-35 Not used. 

FIGURE 138. COMMON CHANNEL ROLLER - POSITION 2 
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LOGS I I 3 Is~::Csl RESET 

Bit 
Indicator ALD Position Description 

U 
KE341 

BUFFER KE341 
1 KE351 

KE351 

U 
KE341 

BUFFER KE341 
2 KE35 I 

KE351 0-11 The buffer registers indicate the channels using the CPU. They are used to gote control information 

H 
KE341 and errors to the channel. 

BUFFER KE341 
3 KE351 

KE351 

{; 
KE151 
KE161 

I/O KE171 12-16 I/O stats indicate the condition of the five I/O stats that set conditions for microprogrom branching. 
STATS KE181 They are set by the selector channel on break-in. 

KE191 
1----

17 Not used. 
I/O CHK MODE KE311 18 I/O check mode is on to indicate that the channel is using CPU and any errors detected in the CPU 

cOlrid be caused by the channel. 
.--~--~~ 

n KE661 
LOGS KE661 19-21 Log 1, 2, or 3 indicates the number of the selector channel that is being logged. 

KE661 
GATE STATUS KE671 22 Log gate status is on after a logout allowing the channel that was logged to gate its status to CPU. 
~- KE671 --23 Log reset is on after the gate stat has been turned off to provide a reset to the channeltFiOt was - --

'''' 

logged. 
---- -_.-

24-35 Not used. 

FIGURE 139. COMMON CHANNEL ROLLER--POSITION 3 

Bit 
Indicator ALD Position Descri ption 

p FAOll 
0 FAOll 
I FAOll 

BUFFER 2 FA021 
I 3 FA021 0-8 Contents of buffer 1 plus parity. 

4 FA021 
5 FA031 
6 FA031 
7 FA031 
P FAOll 
0 FAOll 
I FAOII 

BUFFER 2 FA021 
2 3 FA021 9-17 Contents of buffer 2 plus parity. 

4 FA021 
5 FA031 
6 FA03! 
7 FA031 

Request log out indicates an error in the multiplexor channel is conditioning a log out request.-REQ LOG OUT FA341 23 
1---. 24-35 Not used. -

FIGURE 140. MULTIPLEX CHANNEL ROLLER--POSITION 4 
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Bit 
Indicotor AlD Position Description 

SElOUT FAI41 0 Indicates when select out is up on the interface. 
SEL IN FA361 I Indicates when select in is up on the interface. 
OP IN FA361 2 Indicates when op in is up on the interface. 
SUP IN FAI51 3 Indicates when suppress out is up on the interface. 
REQ IN FA361 4 Indicates when request in is up on the interface. 
SVC OUT FAI41 5 Indicates when service out is up on the interface. 
ADR OUT FAI31 6 Indicates when address out is up on the interface. 
CMND OUT FAI41 7 Indicates when command out is up on the interface. 
SVC IN FA351 8 Indicates when service in is up on the interface. 
ADRIN FA35 I 9 Indicates when address in is up on the interface. 
STAT IN FA35 I 10 Indicates when status in is up on the interface. 

11-12 Not used. 
P FA051 
0 FA051 
I FA051 

BUS 2 FA051 
13-21 Displays the information that is on bus out plus parity. OUT 3 FA051 

4 FA051 
5 FA051 
6 FA051 
7 FA051 

PRGM CHK FA371 22 Program check indicates a boundary violation in storage. 
STOR PROT CHK FA371 23 S.torage protect check indicates that data is trying to be stored in a protected storage location 

and the keys do not motch. 
24-35 Not used. 

FIGURE 141. MULTIPLEX CHANNEL ROLLER - POSITION 5 

Bit 
Indicator ALD Position Description 

CONTROllED{ 0 FA063 
EMIT I FA063 

2 FA063 
3 FA063 0-3 Controlled emit indicates the contents of the ROS emit field at the time a DTC is issued. 

{~I 
FAI71 

RTNE FAI71 
REQ E2 FAI71 4-8 Indicates the address of the first microinstruction of the routine requested or of the routine 
TGRS E3 FAI71 presently being run. 

E4 FAI71 

W FA26 I 
9-10 Indicates the priority of the routine requested. PRIORITY FA261 

FA26 I 11 Indicates a request for a PCI routine. 

[ CC 

FA251 12 Indicates that the UCW the channel is working with contains a CC flag. 
DTC FA261 13 Indicates when a micro-order DTC timing signal is given to request the next routine. 

CTRL UCW FA251 14 Indicates when a device disconnects from the interface that a new count word and data 
IB FUll FA331 address word are to be stored in the UCW in bump. 

POLL FA341 15 Indicates whenever there is an interrupt pending in the channel. 
BURST MODE FA311 ,16 Indicates whenever the chaMel Is Idle (poll state). 

17 Indicates the multiplexor channel interface is operating in the burst mode. 

MPX I 
0 FA091 
I FAIOI 

I/O 2 FAil I 
18-21 Indicates the condition of the multiplexor I/O stats lAed for microprogram branching. 

STATS 
3 FAI21 

DATA XFR CTRL FA071 22 Indicates a byte of data is being transferred in either direction over the interface. 
CC RESET CTRL FA252 23 Indicates the presence of a signal to reset the command chain flag because of an error condition. --

--
24-35 Not used. 

~-

FIGURE 142. MULTIPLEX CHANNEL ROLLER - POSITION 6 
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~~~--'-----'----'-----'----'--~---L.---,---.~I ~'--------' 
I 

Bit 
Indicator ALD Position Description 

f------------- f-- --
0-35 Not used. 

FIGURE 143. MULTIPLEX CHANNEL ROLLER - POSITION 7 

Bit 
Indicator ALD Position Description 

---- -----~-

0-35 Not used. 

FIGURE 144. MULTIPLEX CHANNEL ROLLER - POSITION 8 

Bit 
Indicator ALD Position Description 

-- !---- .--~ 

P 0- 7 GH101 
0 GH111 
I GH121 
2 GH131 
3 GH141 
4 GH151 
5 GH161 
6 GH171 
7 GHlbl 

P 8-15 GJ101 
8 GJ111 
9 GJ121 

10 GJ131 
11 GJI41 
12 GJ151 0-35 Word 1 position of the selector channel roller select switch displays the contents of the B 
13 GJ161 

register. Bit positions 0,9, 18, and 27 display the pority of the associated byte. The 
14 GJI71 B register is connected on one side to the CPU adder latch and on the other to the C 
15 GJ181 

P16-23 GK101 
register. 

16 GKlll 
17 GK121 
18 GKI31 
19 GK141 
20 GK151 
21 GK161 
22 GK171 
23 GKI81 

P24-31 GLl01 
24 GLlll 
25 GLl21 
26 GLl31 
27 GLl41 
28 GL151 
29 GLl61 
30 GLl71 
31 GLl81 

FIGURE 145. SELECTOR CHANNEL ROLLER - POSITION 1 
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I C REGISTER C I 
2 I 0~7 I I I I I I I I 8~15 I I I 10 I 11 I 12 I 13 I 1<4 I 15 I 0 1 2 3 <4 5 6 7 8 9 

I C REGISTER I 

I 116~23 1 1 1 I 20 I 21 I 22 I 23 12<4~31 l 24 1 25 1 26 I 27 I 28 I 29 I 30 I 31 I 2 
16 17 18 19 

Bit 
Indicator ALD Position Description 

P 0- 7 GHIOI 
0 GHIII 
I GHI21 
2 GH131 
3 GH141 
4 GH151 
5 GHI61 
6 GH171 
7 GH181 

P 8-15 GJIOI 
8 GJ111 
9 GJI21 

10 GJ131 
II GJI41 
12 GJ151 
13 GJI61 
14 GJI71 0-35 Word 2 position ot the selector channel roller select switch displays the contents of the C 
IS GJ1BI register. Bit positions 0, 9, 18, and 27 display the parity of the associated b)'te. The 

P16-23 GKI0l C register ties directly to the interface for byte assembly and disassembly. 
16 GK111 
17 GK121 
18 GKI31 
19 GK141 
20 GK151 
21 GK161 
22 GK171 
23 GK181 

P24-31 GUOI 
24 GUll 
25 GU21 
26 GL131 
27 GL141 
28 GL151 
29 GL161 
30 GU71 
31 GL181 

FIGURE 146. SELECTOR CHANNEL ROLLER - POSITION 2 
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• = Key Mismatch 

I FULL I READ I WRITE I CHANNEL CHECKS I 

I I I I BKWO OP I ROY I I I ROY I f~v"1'C's.Ml JnGMI :6~·1~:r~ J ~r I d~L r-H~IN I 3 
B C IF OP IF Itl 

Bit 
Indicator ALD Position Description --

BYTE 

{~ 
GR131 

CTR GR131 0-2 Byte counter phase A and parity. 
A GR131 --
BYTE 

{~ 
GR131 

CTR GR131 3-5 Byte counter phase B and parity. 
B GR131 
END 

I ~ GClll 6-7 The end register points to the last byte plus one to be transferred. 
REG GCll1 
LAST n GC141 
WORDS GC141 8-10 The last word latches control the last three words in a read or write routine. 

GC141 

r~T INTLK GC151 11 Count interlock indicates when the channel has stored the fourth from the last word in a read 
operation or has fetched the last word in a write operation. 

EOR 
GC151 12 End of record 1 indicates when the interface is using the last word latches. 
GC151 13 End of record 2 indicates when the external channel controls are using the last word latches. 

RD INTLK GC151 14 EOR read interlock indicates when the interface logic has finished using the last word latches 
and is requesting the external channel control to take over. ---

BAC GG131 15 'B register almost changed' indicates that local store is bein~ bypassed in the data transfer path. 
LS ENABL GGl31 16 Local Store enable indkotes tnot data will be transferred between locd store and the B h;)5kr. 

{ 
LS GC171 17-19 Indicate when local store, the B register, or the C register contain data. 

REG B GCl71 
FULL C GTl41 

BKWD GC131 20 Read backward indicates a read backward op has been decoded. ---""--

READ { 
OP GC131 21 Read op indicates a read type op has been decoded. 
RDY GFl61 22 Read ready indicates that the channel is performing a read type op and is permitted to make 

data store requests. 
IF GTl21 23 Read interface indicates that the interface is now ready to read. 

{ 
OP GCl31 24 Write op indicates a write type op has been decoded. 

WRITE RDY GF161 25 Write ready indicates that the channel is performing a write type op and is permitted to make data 
fetch requests. 

IF GT121 26 Write interface indicates that the interface is now ready to write. 
CD=PC TYPE GEll1 27 CD=PC type check indicates a program check during a write data chaining CCW fetch sequence. 

SIM GG131 28 Simulated check indicates that the channel will interrupt without the unit's status. 
III GElll 29 Incorrect length indicates that the number of bytes contained in the storage areas assigned is not 

CHAN 
PGRM GElll equal to the number requested or offered. 

CHKS 
STOR PROT GElll 30 Program check indicates that the channel has detected a program error. 
CHAN DATA GElll 31 Storage protect check indicates that the associated protect keys do not match. 
CHAN CTRL I GE10l 32 Channel data check indicates when an error is detected on any data transfer to or from an I/O device. 
IF CTRL GE10! 33 Channel control check indicates when there is any machine malfunction that affects channel controls. 
CHAIN 1 GEl!! 34 Interface control check indicates when there was an invalid signal combination or sequence on the 

interface. 
35 Chaining check"indicates when there is a channel overrun. (channel assumed a wrong starting address 

or count while waiting for the information - during input chaining operations only.) 

FIGURE 147. SELECTOR CHANNEL ROLLER - POSITION 3 
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I POSITION REGISTER I CYCLE COUNTER I CLOCK I 
.- r UA \ CCWI \ CCW2\ UNIT I RD I WR I END 

I COMP IIRPT : 
PHASE A STEP I 

\ \ 
1 LS I PC! I FETCH TYPE TYPE SEl STORE FETCH UP o I I I 2 I J I AO Al STEP REQ REO 

I REQUEST REGISTER T COMMON CHAN DETECT I 

~ I PRIORITY 1 
I I I I I 

I STAT 1 I PRI I PRI 1 IINH I .-
I I I 2 I 3 I 0 I 2 3 .- 5 ' I • 0 I 1. I 2 I 3 I LS I 2-3 PCI RTNE 

Bit 
Indicator ALD Position Description 

UA FETCH GBISI 
CCWI TYPE GBI81 
CCW2 TYPE GBISI 
UNIT SEL GBISI O-S The position register indicates the routine the channel is processing or has done last. The nine 
RD STORE GBISI indicators ore: UA, Fetch, CCW I Type, CCW 2 Type, Unit Sel, ReI Stare, Wr Fetch, End 
WR FETCH GBISl Up, Comp, and Irpt. 
END UP G81S1 
COMPARE GBISI 
INTERRUPT G81S1 
CYCLE 

n 
GAI31 

CTR GAI31 9-12 The cycle counter i.ndicates the number of times the A clock has cycled through in a particular routine. 
PHASE A GAI31 
STEP GAI31 

{ AO 
GAllI 

CLOCK Al GAllI 13-15 Indicates the position the A clock is presently in. 
STEP GAllI 

LS REG GG10l 16 Local store request indicates when local store data is requested. 
PCI REQ IGG181 17 Program controlled interrupt request indicates that a maskable type of interrupt is being reQuested. 

{ ~ 
IGBI<41 

PRIORITY GBI<41 18-20 Indicates the priority of the routine requested. 
GBl51 

0 GBIOI 
I GBIOI 

REQUEST 2 G8101 21-26 The request register, in conjunction with the selected priority, identifies the routine being requasted 
REG 3 G8101 by the channel. 

4 G8111 
5 GBlll 

g GBI31 

STATS GB121 27-30 Indicates the I/O stan lIIed for microprogram branching in the requosted routine. 
G8121 
G8131 

{ LS 

GA030 

COM PRI I GA030 
31-3<4 Indicate, that the common channel has detected a routine request from the channel. 

CHAN PR12-3 GA030 

DETECT PCI GA030 
INH RTNE GA030 35 Indicates that the detect registers (Pri 1, 2, 3, PCI) are inhibited from being set. 

FIGURE 148. SelECTOR CHANNel ROLLER - POSITION 4 
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Indicator ALD 

POS REG TRF G8171 

INH RD STOR GGI31 

g GAIOI 
A GAIOI 
CLOCK GAIOI 

GAIOI 

{ DI 
GAI61 

SP 
D2 GAI61 

INSN SCAN GFll1 
CHAN IN USE GFIII 
POLL GRI21 
POLL IRPT END GRI21 

INSN INH GDI31 

BC RDY GFI41 
t-UA TO BUS ~ 0 GVI21 
UNIT SEL ADR OUT GV121 

f------
COMPARE {; GRI51 

GR151 

8it 
Position 

0 

I 

2-5 

6 

7 
8 
9 

10 
11 

12 

13 
14 
15 

16-17 

Description ~~ 
Position register tramfer indicates that a routine was transferred from the request to. the position , 

register but has not yet been serviced. 
Inhibit read store indicates that the channel will inhibit storing ot extra data on anoverr'un wne'n'--

chaining. 

Displays the A clock latches that control the A clock. 

Selector channel DI special purpose latch is used to set program check -if a CCW sp;;Cifying-a-fj-C--'
addresses another CCW that also specifies a TIC. 

Selector channel D2 special purpose latch is used for request compare routine in a _test 1/2 ~~-'"<J.tion~_ 
Instruction scan indicates that the channel is idle and ready to perform an operation. 
Channel in use indicates the channel is performing an operation. U_ ----~--= 
Poll indicates the channel is polling the interface due to a request in. _____ , ____ _ 
Poll interrupt end indicates that every thing needed from the selected unit has been received and the 

CPU is now to be interrupted. 
Instruction inhibi t is on when the channel is fetching a CCW (other than initial) and is used to prevent

clOy instruction line from affecting a unit selection. 
Byte counter ready indicates that the new byte counter value liOSl:ieenoI;tame;;:ffroma-rr-w.-------
Unit address to bus out indicates when, in the unit select routine, bus out contains theUilTt address. 
Unit select address out indicates when the address out line is active on the interface during the u-nit -

select routine. 
Com pore equal or not equal indicates the compare result between the address sent out on the interface 

STOP GVIOI 18 
IF CDA FIRST 8YTE GT161 19 

and the address received back during unit selection. ______________ " _, __ , ____________ _ 
)top Indicates when the Interface stop trigger IS on. 

r.:~:'=-;:-;;:;-;;:-;::-;-~=-f-;.;:-;-;...:;,--+--.-.::,----t----:-ln-t'-1e:..,rf~a.;.:c:..,e-'cC'"=D·A-f"'i.-:.,rst byte places the first byte of the new record into all bytes oftheLreglstei-HTth<lS 

CD GFI11 20 
~-~---------f~~~-_+--~------t_---~.;.:bo~e.;.:n7r.;.:e~c~c-iv.;.:e7d:..,b:..,e~f~0~re~a_n~e~w~v~a:..,l.;.:ue7_fu-r~th.;.:e~b~yt.;.:e:..,c.;.:o-u~nut~e-r-h~m~b~e-eTn_o~b-ta~i-n~e~d-fAro~m~t.;.:h~e-C~C~W';':'~-----7---

The chain data latch is used during data chaining to differentiate between a CCW requiring a unit 

BC MOD ENABL GRI41 21 

WR CHAI t-l RDY GFI61 22 

selection and one that does not, 
Byte count.er mod enable indicates when the interface controls permit the channel to -~odify-th-;;-byte---

counter. 
Write chain ready indicates wUhan ~ new CCW is completely fetched during data chai~ing:--------'--

REC END GFIII 23 
OP IN TEST GRI01 24 

t--::=:=-:7-7-==:-;;::~---f_;.;~-::-7--_+--~-----t_--.,;Re~c::..o::..r~d~e:..;n.;.:d~in.,..:d=--i~c=-ates the end of any operation. . ---- u~· __ ~~ 
Operational in test indicates if op in falls during the period that select outis -up:-- --- ---

CHAN STOP GEI21 25 
SEL OUT GRIOI 26 

r::::7'--'=':-i-=:-.;.::..,'--___ -f-::::-:::.,.7-;--_ _+_--~----t_---,:.;.:.c.:h:,:::(a=--n:..:.ne::..l:...s::..t..:;,o~pc:..:o:...n:..:;d:...It:..:.lo.:.n:.:. indicates the channel IS unable to continue operation. -- -----
I-===-::-;=-:-:;. _______ ~_=c:_:_::_=_::--_+--__==---t_-__:::_Indicates when select o'ut is up on the interface. u ---~ 

GVlOl 27 STOP RTNE 
SEL IN GS121 28 

Stop routine indicates an interface stop sequence. 
I--;.;;::-;--......-c~------f____;:;"" ... --_+_--""----t_--'I n-d-;-!-i-ca-tc-e-s-when se lec tin is up on the interface. 

------t--;;:-;:-;-:;;-;--_-_-+t-_-_--..~,,::.---------~:-f-----------TI·n~d:i_c-_a-~t-e.:::..s-w-;h-e-n-o-pe-r-a-:-:ti~o-n-a'l.,-'in'-;-is-u-p-o-n---:-i"th-o-;--in-:-t-er'f:-a-ce-. -~-~_~~~~_~~~~~~~~~_~~_-__ -_-_-__ ---_---~_~~_--=--=--~= OP IN GSI21 29 
SVC OUT GS'131 30 
ADR OUT GSI31 -~' 

Indicates when service out is up on the interface. 
----1----'1 n-d:7i-ca-tC-e-s-w'h-e-n-ad-;"d7r-e-ss-ou-t:-;-i s -u--'p'--o-n-:t'-h-e--;i~n-:te-r-;fa-c-e-.-----------------------.- ---- --------

-
CMND OUT GSI31 32 
SVC IN GS1I1 33 

-t--i;-;..-;;:-;--+---=----+----;-ln-d7:i-c-a-te'-s-w-h'e-"-c..c.o:...m-m-a-n--;d~o-u-:t-i;-sLu-JP-o-n--:-trhe--;i-n:-te-r-;-fa-c-e-.------'--------- ---------------
t--::=:--:-;::;---'-;-7-;-'-;::"';"---+--;::;-;:-;~--+-----,~---+----;--";-;--'-""::'-----=-C..--;----7--:-'---'-'-,---,~--;:---"--'--------------.------------

Indicates when service in is up on the interface. 
1-7=",.-7;,-;------f~""'--.-;----+-~---t----.,..ln.;.:d7:i..c.c.;..a--:-te:..:.s-w-',hr-,e=--n'--a::""dd-;"r-e=--ss:""""in--;"is'--uL.p'-o-n--rthe~"--in""t-er-;f:-a';"ce'--. -----------------------.----------- -ADRIN GSlll 34 

STAT IN GS1I1 35 Indicates when status in is up on the interface. 

FIGURE 149. SELECTOR CHANNEL ROLLER - POSITION 5 
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I 
I I TOTAL I WR I I 

I I 

I MP 
I I I SVC rNABLE I 

I 
FIRST REC CHAIN STOP I STAT I I I C2 I SUP REO OUT STAT 6 
BYTE FETCH PRCD REl NEXT CI C3 I C" I OUT IN HOLD IN 

Bit 
Indicator ALD Pcnition Description 

11 

GCIOI 
GCIOI 

GENERAL GCIOI 
PURPOSE GCIOI 1-7 The general purpcne register is used as a buffer for pre-fetched and control information and for byte 
REG GCI21 control on input data. 

GCI21 
GC121 

8-10 Nat used. 

C
M GCI61 

FLAG CC GCI61 
REG Sill GC161 11-15 The flag register indicates when the associated flag bit in the CSW is active. 

SKIP GC161 
PCI GC161 

FINISH GB161 16 Finish indicates the end of each routine. 
FIRST WORD GF161 17 First word remains on unti I the first word in the record is stored or fetched. 

18 Not used. 
FIRST BYTE GF161 19 First byte remains on until the first byte is received on the interface. 
TOTAL REC FETCH GFlll 20 Total record fetch indicates that a CCW and its data have been completely pre-fetched on a write 

data chain operation. 
WR CHAIN PRCD GT131 21 Write chain proceed indicates when the data under control of the previous CCW has been completely 

transmitted. 
STOP REL GVll1 22 Stop release drop' select out and ends an interface sequence. 

23-25 Not used. 
STAT NEXT GT161 26 The status next latch represents special program check conditions that should block the setting of 

incorrect length. 
27 Not used. r GA1041 

C2 GAI41 
The mu!tipurpcne latches (Cl, C2, C3, C04) indicate specific conditions during execution of an I/O MP C3 GAI51 28-31 

C4 GAI51 
routine. 

SUP OUT GS131 32 Suppress out indicates the suppress out line is up on the interface. 
REQ IN GSI41 33 Indicates request in is up on the interface. 
SVC OUT HOLD GV151 304 Service out hold indicate. the channel is holding service out up until it has the first word ready to 

send over the interface. 
ENABLE STAT IN GSlll 35 Enable status in indicates the channel may receive status in. 

FIGURE 150. SELECTOR CHAi-.lNEL ROLLER - POSITION 6 

Bit 
Indicator ALD Position 

0-13 
FILE XE501 1<4 
LOAD MO(LE Xf50J 15 
ODD PARITY XE501 16 
TRANSLATE XE521 17 

18-35 

Description 

Not used. 

FILE I LOAD 1000 ITRANS-I 
MODE PARITY LATE 

s.t from CAW bit 7 for 10410 file to/from EBCDIC-II code translation during I/O data transfers. 
Set from CAW bit 6 for 10410 I/O operations that involve changing the wordmark bit. 
Set from CAW bit 04 for 10410 I/O operations with an odd parity tape code. 
Set from CCW bit 38 to activate the selector chennel translator control circuits during I/O data 

transfers in 10410 mode. 
Not used. 

FIGURE 151. SELECTOR CHANNEL ROLLER - POSITION 7 
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Bit 
Indicator ALD Position Description 

--

0-35 Not used. 

FIGURE 152. SELECTOR CHANNEL ROLLER - POSITION 8 

Bit 
Indicator ALD Position Description 

-- --
P 0- 7 RLOOI 

0 RLOOI 
1 RLOOI 
2 RLOOI 
3 RLOOI 
4 RLOll 
5 RL011 
6 RL011 
7 RL011 

P 8-15 RL021 
8 RL021 
9 RL021 

10 RL021 
II RL021 
12 RL031 
13 RL031 
14 RL031 0-35 Word I indicators display the contents of the L register. The L register is a primary source of 
15 RL031 data for adder XG input and buffer for local store. The L register can also gate a byte of 

P 16-23 RL041 data at a time to the mover. Bit positio~s 0, 9, 18, and 27 display the pa;ity of the ossoci-
16 RL041 ated byte. 
17 RL041 
18 RL041 
19 RL041 
20 RL051 
21 RL051 
22 RL051 
23 RL051 

P24-31 RL061 
24 RL061 
25 RL061 
26 RL061 
27 RL061 
28 RL071 
29 RL071 
30 RL071 
31 RL071 

FIGURE 153. CPU 1 ROLLER - POSITION 1 
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Bit 
Indicator ALD Position Descri pt i on 

P 0- 7 RROOI 
0 RROOI 
I RROOI 
2 RROOI 
3 RROOI 
4 RROll 
5 RROll 
6 RROll 
7 RROll 

P 8-15 RR021 
8 RR021 
9 RR021 

10 RR021 
II RR021 
i2 RR031 
13 RR031 0-35 Word 2 indicators display the contents of the R register. The R register is a primary source 
14 RR031 of data for adder Y input and buffer for local store. The R register can also gate a byte of 
IS RR031 data to the mover. Parity is displayed in bit positions 0,9, 18, and 27. 

P16-23 RR041 
16 RR041 
17 RR041 
18 RR041 
19 RR041 
20 RR051 
21 RR051 
22 RR051 
23 RR051 

P24-31 RR061 
24 RR061 
25 RR061 
26 RR061 
27 RR061 
28 RR071 
29 RR071 
30 RR071 
31 RR071 

FIGURE 154. CPU I.ROLLER - POSITION 2 
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Bit 
Indicator ALD Position Description 

-~ 

P 0- 7 RMOOI 
0 RMOOI 
1 RMOOI 
2 RMOOI 
3 RMOOI 
4 RMOll 
5 RMOll 
6 RMOll 
7 RMOll 

P 8-15 RM021 
8 RM021 
9 RM021 

10 RM021 
11 RM021 
12 RM031 
13 RM03l 0-35 Word 3 indicators display the contents of the M register. The M register is an alternate source 
14 RM03l of data for adder Y input and can gate its four bytes to the mover V input. Parity is displayed 
15 RM03l in bit positions 0, 9, 18, and 27. 

P16-23 RM041 
16 RM041 
17 RM041 
18 RM041 
19 RM041 
20 RM051 
21 RM051 
22 RM051 
23 RM051 

P24-31 RM061 
24 RM061 
25 RM061 
26 RM06i 
27 RM061 
28 RM071 
29 RM071 
30 RM071 
31 RM071 

FIGURE 155. CPU 1 ROLLER - POSITION 3 
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Bit 
Indicator ALD Po.ition Description 

P 0- 7 RHOOl 
0 RHOOl 
1 RHOOl 
2 RHOOl 
3 RHOOl 

" RHOll 
5 RHOll 
6 RH01) 
7 RH01) 

P 8-15 RH02l 
8 RH021 
9 RH021 

10 RH021 
11 RH021 
12 RH031 
13 RH031 0-35 Word" indicators display the contents of the H r4tgister. The H register Is an alternate source 
1" RH031 of data for adder Y Input. Parity is displayed In bit positlo .. 0, 9, 18, and 27. 
15 RH031 

P16-23 RH().41 
16 RH().41 
17 RH().41 
18 RH().41 
19 RH().41 
20 RHOS 1 
21 RHOSl 
22 RH05l 
23 RHOS 1 

P2"-31 RH061 
2" RH061 
25 RH061 
26 RH061 
27 RH061 
28 RH071 
29 RH071 
30 RH071 
31 RH071 

FIGURE 156. CPU 1 ROLLER - POSITION .. 
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Bit 
Indicator ALO Position Description 

P 8-15 RA061 
8 RA003 
9 RA003 

10 RA002 
11 RA002 
12 RA002 
13 RA002 
14 RAOOI 
15 RAOll 

P16-23 RA061 
16 RAOll 
17 RAOll 
18 RAOll 

0-26 The ~torage address register is used for addressing main and bump storage. 19 RAOll Bit positions 0, 9, and 18 
20 RA021 display the pari ty of the associated byte. 

21 RA021 
22 RA021 
23 RA021 

P24-31 RA061 
24 RA021 
25 RA031 
26 RA031 
27 RA031 
28 RA031 
29 RA031 
30 RA061 

r---l-) RA061 
27 Not used. - --0 KSOOI 

BYTE 1 KSOOI 28-31 Indicates byte stats 0, 1, 2, and 3 
STATS 2 KSOOI 

3 "KSOll 

BYTE 
0 KSO~l 

STORE ~ kS021 
32-35 Indicates byte store stats 0, I, 2, and 3. KS031 

STATS 3 KS031 

FIGURE 157. CPU 1 ROLLER - POSITION 5 
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8it 
Indica~or ALD Position Description 

--
ROS P57-89 RK301 0 Parity of bits 57-89. 

r RK301 

CE 58 RK301 1-4 Emit field. 
59 RK301 
60 RK301 

{ 61 
RK311 

LX 62 RK311 5-7 LBft input to odder (XG). 
63 RK311 

TC 64 RK311 8 True or comDlemont to left adder inout (XG). 

{~ 
RK311 

RY RK311 9-11 Right input to addar (Y). 
67 RK311 

AO{ ell ~~ 8H061 
8H061 ~:-1~ Adder function (CPU mode1-- -- --- -- ---
BH061 12-14 Selector channel Qdde;"latch tests (I/o mod-;Y:-- -- -

71 BH061 15 Spare POIition (I/O modeL .-

r RK331 
73 RK331 

AB 
74 RK331 

16-21 Condition branch test A (furnishes bit II of next ROS address). 
75 RK331 
76 RK331 

- 77 RK331 

r RK341 
79 RK341 

88 80 RK341 22-26 Condition branch ?est 8 (furnishes bit 12 of next ROS address). 
81 RK341 
82 RK341 
83 XG401 27 Used in 1410 compatibility feature to expand the UR field (54-55) for control of the decimal 

adder in the mover circuits. 

r RK351 
85 RK351 

SS 
86 RK351 

28-33 Stat setting and micellaneoUi control. 
87 RK351 
88 RK351 
89 RK351 

34-35 Not used. 

FIGURE 158. CPU 1 ROLLER - POSITION 6 
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EM 
STAT 92 93 94 95 96 97 

~ __ ~ ____ ~ ____ J ____ ~ ____ ~~~__ _~ ____ ~ __ ~ ____ ~ __ ~~ __ ~ ____ ~ __ ~ ____ ~ ____ ~ __ ~ ____ ~ __ ~ 

Bit 
Indicator ALO Position Description 

{REG 
PRIORITY MASTER 0-2 

LAST CYCLE -- ------------~.-. 

INSERT PREFIX TGR 3 
REMO TE S TO RE READY 4 ------
LCS rYNC 

TeR 
KT272 

RING INH KT272 5-7 
CONTROL INVAL ADDR BHI31 

---

{ 1 LCS 2 BHI31 8-11 
READY ~ 

----------------- --------------
12-21 Not used. 

r CPU Mode: ROSDR 92-97 are the Y-input to the adder during 1410 compatibility feature 
93 address conyers ion. 

ROSDR 
94 XFOOI 22-27 I/O Mode: ROSDR 92":94 are used to set selector channel translator controls for 1410 
95 compatibility feature I/O operations. 
96 
97 

28-29 Not used. 
EM STAT XF501 30 

31-35 Not used. 

FIGURE 159. CPU I ROLLER - POSITION 7 

Bit 
Indicator ALD Position Description 

--- f------- --

MARK 

CHECK KEY BH132 0-3 
ADDR 
DATA 

1------
4 Not used. 

{' UNIT 2 BH132 5-8 
IDENTITY ~ 

9-35 Not used. 

FIGURE 160. CPU I ROLLER - POSITION 8 
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Indicator AlD 
Bit 

Position Delcription 

~R~0~S~~P~I_-3~0~_4-__ ~BHO~9~1-4_~0 ___ -4 __ P~~~~~iL~fbib I-~. 

{ ~
I RKI21 

RKI21 LU 

MV 

ZP 

ZF 

ZN 

TR 

RKI21 

t 4S RKI21 
RKI21 

1

6 KK301 
7 KK301 
8 KK311 

16 ~~~~: 
II KK~I 

{ 

12 KKOOI 
13 KKOOI 
14 KKOOI 
IS KKOOI 
16 KKOOJ 
17 KKOOJ 
18 KKOOJ 

19 
20 
21 
22 
23 

RKIOI 
RKIOI 
RKIOI 
RKIOI 
RKIOI 

{ 

CS- 25 
WS 126 
. SA 27 

RKIII 
RKIII 
RKIII 

{ 

28 
SF 29 

30 

RKIII 
RKIII 
RKIII 

1-3 Left input to mover (U). 

4-S Right input to mover (V). 

6-11 Bill 1-6 of next ROS addre". 

12-IS Source of bib 7-10 of next ROS acidre". 

16-18 ROS addre"ing mode. 

19 Not Uled 

20-24 Deltination of adder latch contenb. 

2S Not ",ed. 
~6~ ~ltor..L9.!lsl!lll cW!:2L.. __ _ 

26 Local Itore addrell lector (I/O mode). 
27-28 local I tore oddre" (I/O mode). 

29-31 Local I tore function. 

32-35 Not Uled. 

FIGURE 161. CPU 2 ROLLER - POSITION I 

I DG L UL J UR J I MOVER FUNCTION 
MG I 53 1 54 I 55 I PU I 

49 50 51 52 I 0 I I I 2 I 0 I 

Bit 
Indicator ALD Position Delcription 

ROS P~-S5 RK211 0 Parity of bib 32-55. 

I/C 
1 

MS 

I 

L _2 I 

RK201 1-3 Invalid digit and i.,.truction oddre" control (CPU mode). 

---

M 
CG 

I I I I 2 I 

IV-CT 33 r2 
RK201 ---- -f-- -- -- --- --- --- -- -- -- -- -

34 RK201 1-3 Timina lianall to external channel (I/O ~. 

{~ 
IIK211 
RK211 

AI. 37 RK211 4-8 Shift control and gating into ~r latch. 
38 RK211 
39 RK211 

I WLI~ RK221 
RK221 9-12 ~v ... _tination ~~ ___ --- --- --- --- -WM 42 RK221 t::E1I. - Mover _tination (I mode. --- --- --- --- -HC 43 RK221 ~ ~t c~ry control I mode. ---

{ UP I:~ RK221 13-14 Iyte counter function controi (CPU mode). 
MS RK221 IS MO counter control (CP/1omode). --- --- --- --- --- -MD 46 RK231 ~ Multiplex IIat lettina (I mode. 

CG III 47 I(K2:J1 16 LIS counter control. (~!_U mode). 
MI 48 RK231 17 Ma counter control (CPU mode). 

16-17 Control lignal gating to channel (I/O mode). 

{"9 RK231 18-20 Length counter and carry i,....tion control (CPU mode). 
OG-MG 50 RK231 --- ~ --- ---- --- ---- ---- --- --

51 RK231 18-20 Multiplex chon".1 gate control (I/O mode). 

UL 1
52 II K20 1 21-22 Mo .... r function left digit. 
S3 RK201 

UR t 54 RK201 23-24 Mover function right digit. 
55 RK201 

25 NotlAed 
MVR 

{ 
0 KQOOI 

FUNCT I KQOOI 26-28 CPU mo .... , function regilter. 
CPU 2 KQOOI 
MVR ( 0 KQOOI 
FUNCT I KQOOI 29-31 I/O rna .... r function regilter. 
lfi) 2 KQOOI 

32-35 Not \lied. 

FIG~E 162. CPU 2 ROLLER - POSITION 2 
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Bit 
Indicator ALD Position Description 

ONE SYL OP KS221 0 One syl op trigger indicates a half word instruction. 
RE-FETCH KS211 1 Refetch stat indicates that the Instruction buffer should not be used as the source otTh-e-

._-

next instruction. 
2-4 Not used. 

EXT 5 Additional bit to address extended ROS. 
--

I 

0 KK301 
ROS 1 KK301 
BASE 2 KK311 6-11 ROS bose address (bits 0-5 of ROAR). 
ADR 3 KK311 

NEXT 4 KK321 
ROS 5 KK301 ---- --- -
ADDR 0 KKOII 

FUNCT 

1 
I KK021 

BIT 2 KK031 
3 KK041 12-15 ROS address function field (bits 6-9 of ROAR). 

{ A KK261 16 A branch (bit 10 of ROAR). --- -
BRANCH B KK271 17 ~ch (bit II of ROAR~. --- ---- ---

I 

I KS271 
EXT 2 KS271 
IRPT 3 KS271 18-23 External interrupt register. 
REG 4 KS281 

5 KS281 
6 KS281 

!"C 
{ 32 RPOOI 

33 RPOOI 

I 34 RPOll 
CC 35 RP021 

PSW r RPOOI 24-31 PSW 32-29. 

37 RPOOI 
PM 38 RPOOI 

39 RPOOI 

32-35 Not Used 

fiGURE 163. CPU 2 ROLLER - POSITION 3 
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Bit 
Indicator ALD Position Description 

I/O MODE KUIII 0 I/O mode trigger is on during I/O routines. 
I/O 

{ ~ 
RLIII 

REG RL111 1-3 I/O register and parity (used for byte addressing in I/O mode). 
RLIII 

TIMER IRPT KS251 4 Timer interrupt stat (,et by timer counting to zero). 
CONS IRPT KS251 5 Console interrupt stat (set by interrupt switch). -

{ ~ 
CLOOI 

L BYTE CLOOI 6-8 L byte counter and parity (L register byte selection). CNTR 
CLOOI 

MB 
{ ~ 

CMOOI 
CMOOI 9-11 M byte counter and parity (M register byte .election). 

CNTR CMOOI 

n 
RF021 
RFOOI 

F RFOOI 
REG RFOOI 12-16 F register and parity (four bit shift spill and enter). 

RFOII 
Q REG RF031 17 Q register (one bit shift spill and enter). 
EDIT 

{ ~ KK581 18-19 Edit stats control operation during editimtruction. 
STATS KK581 

11 

KSIOI 
KSIII 
KSI21 

GP KSI31 
STATS KSI41 20-27 General purpose stats 0-7 (multipurpose stats). 

KSI51 
KS161 
KSI71 

L SIGN KS201 28 L reaister sian stat (on for positive). 
R SIGN KS201 29 R register sign stat (on for positive). 
CARRY KS231 30 Corry stat (on for carry insert). 
RTL KS631 31 Retry threshold latch indicates whether instruction retry is possible -fte.tedDY SEltlr program). 

{"' 
KC501 

STORAGE R2 KC501 
RING R3 KC501 32-35 Storage ring positions RI, R2, R3, and WI. 

WI KC501 

FIGURE 164. CPU 2 ROLLER - POSITION 4 
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[ I p i 0 

MD 

Indicalar 

LSAR 

I 

I 

L$AR 

7 

ALD 

LS III 
LSIII 
LS III 
LSI21 
LSI21 

5 L~121 

f--LSFN - -- - I ~ -- -~t~~: 
~--- --P--~RJOll-

J 1 0 RJOOI 
REG I RJOOI 

2 RJOOI 

----- -------~- ~JggIT-

MO {o COOOI 

CTR ~ ~~~: 
___ 3._~_ _C; QQI~_ 

GI 

G2 

I 4 I 
GI 

I 
Bit 

Po.ition 
-~ --_._._---

0-6 

7-B 

9-13 

14-IB 

19 

FIGURE 165. CPU 2 ROLLER - POSITION 5 

Bit 

fN LS I REG MD 

I 5 I 0 I E I i 0 I I 
~Z 

I I I I 

~---- -~-- -------_ .... _--" __ ~_cr~t!~n ____ ~ __ ~~ __ 

Local ,tore addre .. regi.ter plus parity. 

Local store function regi.ter (local store addressing). 

J regi.ter plus parity (local store addressing). 

MO counter 'piuS parity (local store addressing and decimal multipl ication and divi.ion). 

Length counter I plus .ign and parity (G I storage field length counter). 

Indicator ALD Position Description 

------

--~ 

1--- ------------------- f------ --~-------I----------------------- -------------------------~-- -~--------~---

1 
0-7 KTOII 0 Half sum 0-7, 

HALF B-15 KTOII I Half,umB-15, 
SUM 16-23 KTOII 2 Half ,urn 16-23, 

1---------- 26~}1 I---~i~:-}- - _3 -- --r~~f6~;~-?1:3J-'--

{ 
B-15 KTOll SumB-15. 

SUM 16-23 KTOII 6 Sum 16-23, 

C~~-:y=~==~2=~= _~ :=_~-L-~--= ; __ ~~;i~=~~=======_=_====~_-_-_-~-_-_~~-~_=__--_ -_-_ -_-_-~_ -_ -_ -_-_-_ -_ -_--_-_-_-_--__ ~ 

1 
L BYTE KT021 9 L byte counter, 
M BYTE KT021 10 M byte counter_ 

CNTRS MO KT021 II MO counter_ 
GI KT031 12 GI length counter, 

f--:-, ______ ~2 ___ ~T031 13 G21_en9.!!'50u~~ ___________________________________________ ---1 
MVR IN L KT021 14 M:Jver left input. 
MVR IN R KT021 IS M:Jver right input. 

~T KT021:~ -~:cr?)_':'~___=_=_~==__------------------------------------I 
B-15 KT031 I B Storage address regi.ter B-15. 

SAR 16-23 KT031 19 Storage address register 16-23. 
24-31 KT031 20 Storage address register 24-31. 

1-30 KT031 21 ROS 1-30. 
ROS 32-55 KT031 22 ROS 32-55. 

57-B9 KT031 23 ROS 57-89. 
PROT TAG KT041 
LCS 

~~~~~-------+_~~_4~2~4---+--S~t~or~a~~~~'0~te~c~t~.~------------________________________________ ____ 
25 LCS summarr. check. 

LOG REO KT041 26 Log request (turned on by log out switch or common chan log out request). 
27 -35 -''lot .. ed. 

FIGURE 166. CPU 2 ROLLER - POSITION 6 
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I I I I I I 
COrENT Rr ADDRESS I 7 I I I I I 8 I EXT 0 I 2 J " 5 6 r 7 9 10 1,1 

I I I I I I I 7 

Bit 
Indicator ALD Position Description 

0-4 Not used. 
EXT KK302 

0 KK312 
I KK312 
2 KK312 
3 KK312 

CURRENT 4 KK312 
ROS 5 KK312 5-17 Current ROS address. 
ADDRESS 6 KK313 

7 KK313 
8 KK313 
9 KK313 

10 KK313 
11 KK313 

18-35 Not used. 

FIGURE 167. CPU 2 ROLLER - POSITION 7 

I I I I I PREVIQUS RQ~ ADDRES~ 

I EXT " I 5 ! 6 I 7 9 10 II 

I I I I I I I 8 

Bit 
Indicator ALD Position. Description 

0 .... Not used. 
EXT KK302 
0 KK312 
1 KK312 
2 KK312 
3 KK312 

PREVIOUS .. KK312 
ROS 5 KK312 5-17 Previous ROS address. 
ADDRESS 6 KK313 

7 KK313 
8 KK313 
9 KK313 

10 KK313 
11 KK313 

18-35 Not used. 

FIGURE 168. CPU 2 ROLLER - POSITION 8 
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Bit 
ALD Position Title Description 

---~ 

KH321 0 PASS Tumed on by a successful HT test execution. 
- -.-~ -

KH321 I FAIL Tumed on by a failing FLT. 
-_._-

KH21 I 2 BINARY TGR Tumed on or off for each good comparison. For a successful test, the light will re-
turn to its initial off state. 

'-
KH31 I 3 TEST CNTR = 0 Indicates a test has been executed 16 times (normal operation). 

KHI1I 4-9 FLT OP REG Six indicators display the FL Top register, which is used for decoding FLT operation 
routines. 

KH341 10-12 SEQ CNTR The three-posi tion sequence counter is used for control during FL T load and for clock 
advance during FL T execution. 

--------

KH345 13-16 SEQ STAT Indicates the four stats that are used in conjunction with the sequence counter during 
FLT load. 

--
KH555 17 FLT LOAD CHK I ndicates a detected parity error in an unsuccessful FL T load. 

----.-
KH321 18 SUPV STAT Supervisory stat on allows the sequence counter to be decrp.mented. 

--
KH321 19 PROGSV SCAN STAT Progressive scan stat on causes a return to main storage for control or scan information 

during execution of the diagnose instruction. (Normally off during FL T execution.) 
--

KH321 20 SUPV ENABLE STaR Supervisory enable store on disables the storage inhibit function of the supervisory 
stat during execution of the diagnose instruction. (Normally off during FL T execution.) --

KT151 21 SEQ CNTR MODE Indicates the CPU is under sequence counter control. 
--

KT151 22 MAl N STaR MODE Indicates the CPU is under main storage control. 
-

KT151 23 ROS MODE Indicates the CPU is under ROS control. 

24 AU PREFIX Indicates the state of the prefix trigger (this indicator is port of the multisystem 
feature) . 

KT16 I 25 HARD STOP Indicates the four clocks are stopped due to an error. 

KT151 26 LOG TGR Indicates an error condition when a log out is to be Initiated. 

KH231 27 BLOCK INDIC Block indicators is on when a bit in the FL Top register indicates that the information 
displayed in the status indicators is not being gated by the select switches. (At such 
times the force indicators keylever switch may be used.) 

--
KT271 28 SINGLE CYCLE Indicates when the CPU is in single cycle mode, or if the rate switch has been tumed 

off si ng Ie cyc Ie but the start switch has not been pressed. 

KT215 29 CPU CLOCK On when the CPU clock is running. 

KT211 30 CHAN CLOCK On when the I/O clock is running. 

/e'T211 31 ROS CLOCK On when the ROS clock is running. 

KT21 I 32 MAIN STaR CLOCK On when the main storage clock is running. 

KT161 33 CHK IRPT ENABLED Check interrupt enabled is on whenever an error interrupt is possible. 

KTl61 34 CHK REG GATED Check register gated is on whenever the error register is gated. 

KT081 35 CHK PEND The check pending trigger is set at the time the error register is set if PSW 13 is 
masked off. Upon unmasking, this trigger causes a log out and machine-check 
interrupt. 

FIGURE 169. MAINTENANCE CONTROL INDICATORS 
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Bit Bit 

SDR AlD Position IAR AlD Position 

PO-7 SA 072 0 
0 SA 001 1 
1 SA 011 2 

P8-15 CA 171 9 
8 CA 161 10 
9 CA 161 11 

2 BA 021 3 10 CA 161 12 

3 BA 031 .. II CA 161 13 

4 SA 041 5 12 CA 151 14 

5 BA 051 6 13 CA 151 15 

6 BA 061 7 14 CA 151 16 

~ BA 071 8 - -PS-=-15 - -- -SA152 - -9- --
S BA 081 10 

15 CA 151 17 
r- -p16-n - - - "LA1il- - -,8--

16 CA 141 19 

9 BA 091 11 17 CA 141 20 

10 SA 101 12 
11 BA III 13 

18 CA 141 21 
19 CA 141 22 

12 BA 121 14 20 CA 131 23 

13 SA 131 15 
14 SA 141 16 

21 CA 131 24 
22 CA 131 25 

_ _ -.J5 __ _ B~15.l __ - 17 ---
P 16-23 SA 232 IS-

16 SA 161 19 

23 CA 131 26 
f- -P24-:IT - - - CA171- f- 2 r-

24 CA 121 28 

17 SA 171 20 25 CA 121 29 

IS SA 181 21 
19 SA 191 22 
20 SA 201 23 
21 SA 211 24 

26 CA 121 30 
27 CA 121 31 
28 CA 111 32 
29 CA III 33 

22 SA 221 25 30 CA III 34 

23 SA 231 26 31 CA III 35 
- -P24-31 - - - SA 312 -- -,,- --

24 BA 241 28 
25 SA 251 29 
26 SA 261 30 FIGURE 171. IAR INDICATORS 

27 SA 271 31 
28 SA 281 32 
29 SA 291 33 
30 SA 301 3.04 
31 SA 311 35 

FIGURE 170. SDR INDICATORS 

ROS 
Address Function Results Observed 

202 * AK-T Address keys to latches (8-31). Display latches, change and observe address key settings. 

T-A latches (8-31) to SAR. Display SAR, change and observe address key settings. 

203 * AK_T Address keys to latches (8-31). 

T-IA latches (8-31) to IAR. Display IAR, change and observe cxldress key settings. 

205 DK-T Data keys to latches; bits 28-31 to F. Diilplay latches, change and observe data key settings. 

T-L Latches to l reg ister. Di$play l register, chango and observe data koy settings. 

20C DK-T Data keys to latches; bits 28-31 to F. 

T-R latches to R register Display R register, change and observe data key settings. 

21F DK-T Data keys to latches; bih 28-31 to F. 

T-H latches to H register Displa}' H r"Sister, change and ob5erve data key settings 

283 DK-T Data keys to latches; bits 28-31 to F. 

T-M latches to M register Display M register, chonge and observe data key settings. 

2AA DK-T Data keys to latches; bits 28-31 to F. 

T-D latches to MDR. Display MDR, change and observe data kay settings 

2AS DK-T Data keys to latches; bi h 28-3 1 to F. 

T-J latches 12-15 to J reg ister. Display J register, chong6 and observe da.ta key settings. 

2AE DK-T Dota keys to latches. 

T-MD latches 8-11 to MD. Display MD, change and observe data key .. ttings. 

202 AK-T Back to first step in closed loop. 

• For AK - T machine check will come on when keys are changed; change keys and reMt. Error should remain off 

Channel Check Note: Display Band C registers for each channe'. Set data keys to the fallcwlng combinations: zeros, all ones, and altemaht 
hex 5 's and A's and check for correct dato transfer. 

F'G~E 172. ROS FUNCTION CHECK 
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au 100 

System Reset 
Power On Reset 

Force Addres, - 242 

T 
IPL Clear L, H, and Error Regs PSW Restart 

I 
Set Stats 0-3 to 0, MD to 3 

S3=I, MD=J S3= I, MD=3 T 
T 

Clear M and J Regs 
Set LB and MB to 0 LS and Bump Addressi ng All "I's" to R Reg 
07000000 to M Reg LS Emit Field (2-3) to LSFR 

1- R Reg ('24-27) to J Reg 

-- 1 Bump R Reg to /IIoc.ter U 

LS Adr = 00 JJJJ (Sector (0) 
W (0-1) to SAR 14-15 
Emit Field (2-3) to SAR LS to L Reg and Regen W (2-7) to SAR 24-29 

16-17 

Bump Adr = -RROO--RRRRRR 
Initiate Bump Stor Cycle 

Clear IAR, Set LB to 3 

I 
T Correct LS Pari ty (If Needed) 

L Reg to Adder to L Reg to LS 
Store 07000000 in Bump M Reg to SDR to Bump Storage 

LB=3, MB=O A LB=3, MB=3 

~ LB =0 
MB=3 

LS Acr = 10 JJJJ (Sector 10) LS Adr = 01 JJJJ (Sector 01) LS Adr = 11 JJJJ (Sector 11) 
LS to L Reg and Regen LS to L Reg and Regen LS to L Reg and Regen 

Bump Adr = -RR 1 o--RRRRRR Bump Adr = -RROI--RRRRRR Bump Adr = -RR l1--RRRRRR 
Initiate Bump Stor Cycle Initiate Bump Stor Cycle Initiate Bump Stor Cycle 

Set MB to 3 Decrement R Reg by 1 
Set MB to 0 

Set LB to 0 

1 
L Reg to Adder to L Reg to LS ~ Correct LS Pari ty (If Needed) Set A Bit on if W '" 0 
Gate 0 111 to Mvr to J Reg 

(Set up WS7 if finished) 

A (Not Finished) .A.- A (Finished) 

I 
Bit 

I 
On 

Zeros to SDR to Bump Storage ~ Store~ 
Zeros to SDR to Bump Storage 

Decremented R Reg to Mvr 00000000 Reset LB and MB 
W (0-3) to J Reg in Bump Emit Field to Scan Stats 

I 
WS7 (pSW Backup) to L Reg 

Loop 256·X MD=3, S3=1 (lPL) ~ MD=O S3=1 (pSW Restort) 

~. 
MD=3 S3=0 

(System Reset) 

Restore PSW 0-7, 12-15 

I 
C IPL Read - OK 800 C Halt Loop - aT 200 Load PSW - a J 200 

FIGURE 173. SYSTEM R'ESET 
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QUIOO 

T 

QK800 

T 

Loop on Block 98C 
(Start I/O Not Accepted by Chan) 

FIGURE 174. INITIAL PROGRAM LOAD 
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Load PB Swi tch 
Force Address - 240 

Cleor Error Reg 
Set MD=3, S3= 1 
IPL Sw°s to L Reg to WSI 
Clear H Reg 

Set Up CCW2 
U A, Ch A from WS 1 to L Reg 
Zero R Reg 
Reset S3, Set S7 
Issue Start I/O 

No (CC =2, Busy) 

QK801 

T 

{

R=CA (0-0) 
M=Op (Read) 
DA=Zero 
L=UA and Ch A 

Loop on Block 988 
(Wait for Channel Response) 

/ 

Loop on Block 990 
(Chon Status Bad) 

Loop on Block 919 
(Unit Status Bad) 

~ 

Start Program Execution 



St t B 
Basic Reg Clk 

Start 
PB 

Stop 
PB 

OR 

o 
Clk'd Start PB 

PH Err Clk PH Basic Re Clk 

KT271 

Start PSW 

PK001, PKOll, PK031 , KS711 

Address 

Sync Pulse Manual 

KS721 

NOTE: 

o 
o 

Numbers in circles refer to lines on Timing 
Chart 210 (Start) 

Numbers in diamonds refer to lines on 
TIming Chart 210 (Stop) 

FIGURE 175. START,STOP,EXCEPTION lOGIC 

OR 

PSW Restart Of" IPl 

Op Panel- $04-7 
Mlcro-«der 

PH 

o (Clock Control) 

Pulsed Start PB 

Err Clk PH 

Exception 

Re Clk MS 

0) 
Dly'd Pulsed 
Start 

PH (FOf" StOf"age 
Test and HT's) 

Start Pushbutton 

IN:. Pulse Gated 

Sw 

(Enter Holt loop) 

Manual Trigger A 

OR "--+---fN 

ManTgr A 
1--...... - .. PH 

Clock Re CPU 

Manual Trigger ~ 

Stop Trigger 

(Inhibit External 
aNI Channe I I ntr) 

Appendix B--Syatem Control Panel (3/71) 187 



Stats Set 
Hex Value 
(Use with 

Operation 4 5 6 7 CLF 122) Notes 

Halt Loop 0 0 0 0 0 Stay in Holt. Loop 

Instruction Step 0 0 0 1 1 Wait Bit (PSW 14) must be off 

Set IC 0 0 1 0 2 Set IAR 

Repeat Instruction OAR) 0 0 1 1 3 Instruction set by Address Switches 

Address Compare (lAR) 0 1 0 0 4 Stop or Sync Position and Not Manual and Not Wait Bit 

Display Main Storage 

Store Main Storage 

Display Storage Protect Key 

Store Storage Protect Key 

Display Local Storage 

Store Local Storage 

Display Bump Storage 

Store Bump Storage 

Display PB Sw 

Store PB Sw 

Adr Camp Key:IAR 
(Stop or Sync Pos) 

Set IC PB Sw 

Display Star 

Write Star 

1 

1 

1 

1 

1 

1 

1 

1 

0 0 

0 0 

0 1 

0 1 

1 0 

1 0 

1 1 

1 1 

0 8 SDR Indicators 

1 9 Data Switches to SDR 

0 A F Register Indicators (CPU Roller 112, Position II 4) 

1 B Data Switches 28-31 to F Register 

0 C L Register Indicators (CPU Roller 111, Position 111) 

1 0 Data Switches to L Register to Local Store 

0 E SDR Indicators 

1 F Data Switches to SDR 

Display or Write Star 

Wait Bit PSW 14 

Set Stats 4-7 per CE Cons 

I AR Address Sto or S nc 

Manual Trigger 

Dis 10 or Write Stor 

Set IAR 

I 
Bump Stor Sel 

Stor Prot Se I 

A 

Repeat Insn Key-IAR _____ -t--t __ -t-_________ R_ • .;..p_ea_t_ln_s_n_S_t • ...;p ____________ .... -1 

Rate Sw (lnsn Step PO..:..s) _____ ~.;.:...;....;..;...;..t;....;.:.;,.;;..;.,,;------.-J 

KS191 

FIGURE 176. CONTROL PANEL SETTING 
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Writ. Star 

{

Main Star S.I 

Lacal Star Sel 

Star Prot Se I OR 

Bum Star 5.1 

Stat 4 Cons Fcn 

Tum On St S IAR (Set Stat 5) 

Stat 5 Cons Fcn 

Stat 6 Cons Fcn 

Stat 7 Cons Fcn 



Address card plugging 127 
Address compare (IAR) 152 

Adjustments, electrical -- see timings/test points 
Adjustments, ROS bit plane 100 
AID page l<ey 12 

Binary triggers 33 

Bump storage, display and store 151 
Bump storage addressing 82 

Bump storage diagnostics 75 
Bump storage exercise 82 
Bump storage, scope bump word 41 

Cabling 139 
CAS logic diagram page key 14 

Channel -- see CPU and channels 
Channel control section 142 

address and data key assignments 143 
Check control operation 153 
Circuit breakers 123, 127 
Clear storage 156 
Clock advance counter -- see sequence counter 
Clocks (gating/controls) 36 

free running 39 
non-free running 39 
selector channel clock control 71 
selector channel clock stepping 109 
stop triggers 36 
2050 clock 80 

Common channel -- see CPU and channels 
Contractors/relays 127 
Controls 

address compare (IAR) 152 
152 
152 

address compare (ROS) 
address compare (SAR) 
address keys 143, 150 
channel maintenance 
check control select 
check reset 151 

142 
153 

data keys 143, 150 
DC off 140 
disable interval timer 
display 151 
emergency off 142 

enter 143 
FL T control select 153 
FLT mode 153 
force indicators 152 

152 

halt loop operations 159 
interrupt 153 
invert SAR bit 16 142 
lamp test 152 
load 154 
load unit select 154 

log out 151 
manual operation 142 
marginal voltage control 142 
marginal voltage select 140 
monitor voltage select 142 
operator section 154 
power off 154 
power on 154 

22 

PSW restart 151 
rate select 150 
repeat instruction (IAR) 152 
repeat instruction (ROS) 152 
reset, system 151, 157 
reverse data parity 150 
roller select 140 
selector channel display 143 
set IC 151, 156 
start 151, 158 
stop 151, 158 
stop on check 142 

storage select 150, 155 
storage test select 142 
store 151, 155 
write 142 

Converter-inverter -- see power system 
Counters -- see functional units 
CPU and channels 
CPU parity checking 76 

diagnostics 76 

multiplexor channel parity checldng 77 
preventive maintenance schedule 79 
selector channel analysis chart 104 
selector channel parity checking 77 

selector channel timings 103 
service checks 80 
singleshot timings 109 
waveform measurements 80 
2050 clock 80 

CPU control modes 18 
changing status (modes) 36 
entries/objectives/controls 19 
main store mode 20 
ROS mode 20 
sequence counter mode 18 

Current requirements 139 
Cycle tests -- see fault locating tests 

Data flow 10 

Dead entries -- see SCOPEX 61 
Deferred maintenance 11 
Diagnose addresses, 1410/7010 115 
Diagnose control word -- see linkage control word 
Diagnose instruction 40 

start I/O 115 
Diagnostic mode codes 13 
Diagnostic programs 74 
Diagnostic teclUliques 11 
Dimensions 139 
Disk conversion, 1410/7010 114 
Disk storage maps, 2302/2314 114 
Display 151 

ECAD's 12 
Emergency Off 142 
Emulator diagnostics 76 
Emulator service aids 114 
Error check analysis diagrams 12 
Error checking 76 
Error register 77 
Error reset 156 
Error stops 12 

Index 

INDEX 

40 
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Fail triller 33 
Failure detection 11 
Fault locating testa (Fl. TiS) 41 

bad Fl. T recorda, how to skip 57 
checkout after repair 61 
clock advance 55 
compare and branch, Fl. T 55 
cycle tests 51 
cycle testa, areas tested 41 
cycle tests, documentation 61 
cycle tests, flowchart 53 
cycle tests, loading to 51 
cycle tests, operating procedures 53 
cycle tests, repair procedures 58 
cycle tests, test methods 51 
cycle tests, word format 48 
disk packs, contents of FL T 41 
documentation 61 
expected response, mask and 46 
fetch/execute LCW 52 
hardcore tests, areas tested 41 
hardcore tests, documentation 61 
hardcore tests, main store mode 46 
hardcore tests, operating procedures 53 
hardcore tests, ROS mode 48 
hardcore tests, test methods 46 
indicators, scan-out logic and 28 
load checking program 46 
load controls (seq ctr and stats), FL T 22 
load, FLT 42 
load, from disk, FL T 45 
load, from tape, FL T 42 
load paths (via .can-out logic), 28 
10 a.d , skipping bad records on FL T 57 
load, successful FL T 45 
load to cycle testa, FL T 51 
load, unsuccessful 45 
maskand expected response 46 
one-cycle tests 51 
operating/repair procedures 53 
parity generation 60 
ROS bit tests 47 
ROS bit tests, documentation 61 
ROS mode testa 48 
run and repair procedure 55 
scan-in 51, 60 
scan-out 53, 60 
scan-out controls (scan/log decoder) 22 
scan-out (locations/data) 24 
scan-out (logic/indicators) 28 
scan-out (parity bit propagation/generation) 23 
SCOPEX 61 
sensitive net -- see SCOPEX 61 
tapes, contents of FL T 41 
test methods 46 

tree -- see SCOPEX 61 
zero-cycle tests 51 

Fl. T op reg 22 
Fold operation 33 
Frame and gate 10catioDl 127 
Functional diagnostic. 11 
Functional units 22 

ALD location. 13 
backspace trigger 43 
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binary triller 33 
commalld chain trigger 44 
CCW1, CCW2, read store, or write fetch request trigger 43 
CHAL 28 
clock oscillator 39 
clock stop triggers 37 
CPU control mode triggers 34 
cylinder counter 44 
DTC trigger 43 
error intelTUpt trigger 38 
error pending trigger 38 
error register 77 
fail trigger 33 
fint/second word trigger 43 
FL T compare alld branch kemel 29 
Fl. T load request trigger 37 
FLT op reg 22 
FLT program load trigger 37 
FL T retry trigge!' 43 
general purpose .tats (0-3) 23 
hardware addl'esa (HA 1, 2) triggers 32 
indicators, control pallel roller 28 
inhibit IAR count trigger 43 
interlace register 64 
load trigger 37 
log request trigger 37 
log trigger 33 
main store mode request trigger 37 
main store mode trigger 20, 37 
oscillator, clock 39 
parity generator 28 
pass trigger 33 
progressive SCall stat 33 
PSW restart trigger 37 
reset/restart controls 37 
retry trigger, Fl. T 43 
read store, CCW1, CCW2, or write fetch request trigger 43 
ROS kemels 22 
ROS mode request trigger 37 
ROS mode trigger 20 
scan bu. 28 
scan-in kemel 22 
scan/log decoder 22 
.can-out kemel 23 
scan test counter 33 
seek control trigger 44 
seek trigger 44 
sequence counter 22 
sequence counter mode trigger 18 
sequence stats 22 
SIU trigger 44 
.ingle cycle mode trigger, timed 38 
start I/O to I/O trigger 43 
stop request trigler 37 
storage holdoff clock stop trigger 381 

supervilOry enable storage stat 33 
supervilOry stat 33 
suppress incorrect length indication trigger 44 
system reset trigger 37 
write fetch, CCW1, CCW2, or read store reque.t trigger 43 

Fu.es 127 

HA---A (microorder) 23 
Halt loop operations 159 



Hardcore tests -- see fault locating teltl 
Hardware address 23 
Heat dissipation 139 
Heater, local storage 95 

Indicators 
channel status 143 
control panel roller 28 
CPU status 143 
DC off 140 
instruction address register 150 
load 154 
maintenance control 150 
manual 154 
marginal voltage 142 
master check 150 
open CB 140 
power check 140 
status 143 
storage data register 150 
system 154 
test 154 
thermal 140 
wait 154 

Initial program load (IPL) 155 
Instruction address stop 159 
Instruction step 150 
Interface control check 15 

Interface registel' 64 
Intemlpts, supervisory 36 
I/O addrp.ss card plugging 127 
I/O tailgate locations 127 

K-39 dropout timing adjustment 124 

Lamp test 79 
Latches -- see functional units 
Ughts (see indicators) 
Unkage control word 40 

assembled by diagnose instruction 40 
block mover latch pulse logic 64 
diagnose usage 41 
fetch and execute flowchart 30 
FLT usage 51 

Loading FL TIS -- see fault locating tests 
Loading faults 12 
Local storage 

address bit functiQJll 92 
arra y temperature 92 
beat local store (ROS kernel) 29 
diagnostics 74 
display and store 151 
drive currents optimization (shmoo) 93 
drivers and terminating diodes 95 
functional packaging 90 

gate drivers 90 
log local store (ROS kernel) 29 
preventive maintenance schedule 79 
read operation 90 
read/write drivers 90 
ripple local store (ROS kernel) 29 
service checks 90 

strobe drivers 95 
temperature control unit 92 
wavefor111l 94 

Locations (physical and/or documentation) 
ALD page key 13 
CAS page key 14 

circuit breakers 127 
contacters 127 
controls 18 
converter-inverter 123 
counters 18 
decoders 18 
FL T scan-out/logout 24 
frames/gates 127 

functional units 18 
fuses 127 
gates/frames 127 
indicators, control panel roller 28 
latches.'stats/triggers 18 
logout/FL T scan-out 22 
microprograms, CAS pages for 14 
overvoltage check jacks 127 
power frame components 127 
registers 18 
relays 127 
ROS kernels 29 
scan bus 28 
scan-out 60 
stats/triggers/latches 18 
voltage divider 127 
voltage divider components 127 
voltage regulators 127 

Log counter -- see sequence counter 22 
Logout operation 33 

controls (seq ctr and scan/log decoder) 22 
fold operation 33 
instructions, FL T op reg 23 
locations and data 24 
log trigger 33 
logic and indicators 28 
parity bit propagation/generation 23 
scan-out kernel 23 

Log/scan stat -- tee log trigger 
Log trigger 33 

Main storage 
addressing, main and bump 82 
address one location continuously 82 
bit arrangement of word 82 
bump, fetch/ alter (ROS kernel) 29 
bump storage, exercise 82 
clock stop trigger 38 
delay line clock 83 
delay line dri ver 84 
diagnostics 67 

display and store 151 
drivers and terminating diodes 83 
failures 85 

layout of planes 84 
M9A differences 89 
M9A strobe 90 
M9A waveforms 85 
parity checking 78 
power information 81 
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Main Storage (cont) 
preventive maintenance schedule 79 
ripple ten procedure 56 
scan for bad parity (program) 82 
service checks 80 
strobe checking 82 
ten points 80 
temperature and humidity 81 
waveforms 88 

Main store mode 20 
data paths 20 
entries/objective./controls 20 

FLT's 45 
instructions, FL T op reg 22 
logout, portion of 24 
operation. 18 
ripple (test patterns) 20 
ripple (test procedure) S6 

timing 20 
trigger and request logic 37 

Maintenance operations 18 
Maintenance philolOphy 11 

Marginal checking 7S 

Meter, voltage 140 
Metering 154 
Mover latch pulse, block 64 

One-cycle tests -- .ee fault locating teats 
Operating instructions 155 
Operator control section 154 
Optional feature venion code. 13 

Overcurrent -- .ee power .ystem 
Overvoltage -- .ee power aynem 

Parity 
bit propagation/generation 23 

checking, channels 77 
checking, CPU 76 
checking, I/O errors 73 

checking, main storage 73 

generator 28 
Pa .. trigger 33 
Physical data 138 
Power 

and cooling failure detection 76 
display .ection 140 
distribution frames 127 
faults 12 
off 157 
on 154, 157 
requirements 139 

Power system 
AC supplies 125 
converter-inverter troubleshooting 120 
failure detection, power/cooling 76 

marginal checking 75 
overcurrent problem. 125 
overvoltage unit adjustment 125 
+18, vdc .equence down 124 
preventive maintenance schedule 79 
SCR gate signals 121 
sequence problem. 123 
sequencing relay. 123 
voltage regulator problems 125 
voltage regulator test points 123 
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voltage regulatol'l, changing 123 
waveforms (SCR gate tignals) 121 

Preventive maintenance 79 
Programming faults 12 
Progressive scan 63 

documentation, multiplexor channel 74 
documentation, selector channel 72 
interface reginer 64 
monitor, selector scan 74 
operating procedure, multiplexor channel 74 
operating procedure, selector channel 72 

selector channel clock control 71 
.elector scan monitor 74 
tape/disk, multiplexor channel 74 
tape/disk, selector channel 71 
ten descriptions 63 
ten pattems 71 

Progreuive scan stat 33 
Protect key, display and store 160 

PSW t display and store 156 

Read-only storage (ROS) 
bit plane adjustments 100 
bit plane cleaning 100 
bit plane connectors 102 
bit plane inltallation 101 
bit plane removal 100 
bi ts, milling or extra 97 
clock stop tri gger 38 
drive Une tem 98 
function check 156 
preventive maintenance schedule 79 
retry timing 95 
ripple test 98 
waveform. 96 

Registel'l -- .ee functional units 
Relay./contactol'l 127 
Repeat instruction (IAR) 152 
Re.et, system 151 
Ring counter -- see .equence counter 22 
ROS -- see read-only storage 
ROS kemels 22 
ROS mode 18 

entries/objectives/controls 19 
FLT's 48 

instructions, FL T op reg 23 
logout, portion of 24 
operations 19 
triggel'l and request logic 37 

ROS retry timing 95 
ROS testing 97 

ROS 201 -- cycle one .ection of local Itorage 9S 

Safety procedure. 5 
Scan bus, inputs to 28 
Scan control triggel'l -- see FL T op reg 22 
Scan counter -- .ee .equence counter 22 

Scan fail stat -- .ee fail trigger 33 
Scan groups 28 
Scan-In, FL T -- .ee fault locating tests 
Scan-in (ROS kemel) 22 
Scan/log decoder 22 
Scan op reg -- .ee FL T op reg 22 
Scan-out, FL T -- .ee fault locating teltl 
Scan-out (ROS kemel) 23 



Scan pass stat -- see pass trigger 
Scan test counter 33 

Scan test stat -- see binary trigger 
Scheduled maintenance 79 
SCOPEX 61 

Sections, control panel 
A 140 

B, C, D, E, and F 142 
G 143 

Hand J 149 
K 143 

L 150 
M 150 
N 154 

33 

33 

Segment, referred to by SCOPEX 61 
Segments (one-cycle test groups) 41 

Selector channel -- see CPU and channels 

A clock 107 
B clock 107 

C reg set 103 
channel reset 103 
clock-stepping procedure 112 
cycle counter 107 
DTC hold check 109 
error handling 15 

IF service out delay 103 
indicator check 108 
manual stop control 107 
operation control check 109 

.singleshot adjustment 109 
tag generator 107 

Selector Channel Roller Analysis 

A-clock latches 147 
BAC latch 145 

BC mod enable 148 

BC ready 147 

byte counter 144 

CD 148 
channel checks 145 

channel in Ule 147 

channel stop 148 

clock AO, Al, clock stop 146 
common channel detect 146 

compare equal, unequal 147 
cycle counter phase A 145 
enable stat 149 
end of record 144 
end register 144 
finish latch 149 
first byte 149 
first word 149 
flag register 149 
general purpose register 148 

IF CDA first byte 148 
IF in tags 148 
IF out tags 148 

inhibit read store 146 
instruction inhibit 147 
instruction scan latch 147 

last word register 144 
LS enable 144 
LS request 146 
multi-purpose latches 149 
Op in 148 

Op In test 148 

PCI request 146 

poll 147 

poll interrupt end 147 
position register 145 
position register transfer 146 

read latches 145 
record end 148 

register full 145 
request in 146 

request register 146 

select in 148 
select out 148 

service out hold 149 
special purpose latches 

stat next 149 
stop 148 

stop release 149 

stop routine 148 

suppress out 149 
total record fetch 149 
unit address to bus out 

unit select address out 

147 

147 
147 

write chain proceed 149 

write chain ready 148 
write latches 145 

Sensitive net--see SCOPEX 61 

Sequence counter 22 
Sequence counter mode 20 

entries/objectives/controls 19 
FLT load 42 

logout, portion of 24 
operations 20 
trigger and request logic 37 

Sequence stats 22 

Service checks 
see CPU and channels 
see local storage 

see main storage 
see power system 

see read-only storage 
see selector channel 
see storage protect 
see 1052 Adapter 

Set IC 142 
Shmoo 

local storage 93 
Singleshots 109 
Specifications, frame 139 
Start switch 142 

Start I/O diagnose instruction 
Stat setting 150 
StatUi indicators 134 

Stop twitch 151 
Stopped state 151 
Storage 

see bump storage 
see local storage 
see main storage 
see read-only storage 

Storage holdoff 36 
Storage pootect 

diagnostics 76 

115 

drivers and terminating- diodes 102 
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Storage protect (cont) 
inhibit driven 102 
preventive maintenance 79 
reference voltage 102 
sente amplifien 102 
lense level voltage 102 
lense windings 102 
lervice checks 102 
termination diodel 102 
test points 103 
X and Y driven 103 

Storage test section 142 
Store 151 
Supervisory controb 36 

changing CPU control statuI (model) 36 
clock distribution/gating 39 
clock gating control circuits 36 
control request/statUi logic 37 
CPU control status circuitl 36 
force ROAR. pushbuttonl that 40 
interrupts. supervisory 36 

Supervisory enable storage stat 33 
Supervisory ring counter--see sequence counter 22 
Supervisory stat 33 
Switch typel 140 
Switch able indicaton 143 
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Switches (.ee controll) 
System reset 151 

Test polnts--Iee timings/test points 
Thermal indicators--Iee power and cooling failure detection 76 
Timingl/teat points 

channel 103 
converter-Inverter 120 
CPU (lee AAOOO) 
singlemots. channel 109 
voltage regulaton 123 
waveform measuremenb 80 

Trlggen -- lee functional units 

Venion codes. optional feature. 13 
Voltage limib. marginal 76 
Voltage optionl 139 
Voltage regula ton 109 

Weighb 139 

Zero-cycle tew--Iee fault locating tew 

1052 Adapter - printer/keyboard 
indicator check 112 
linglelhob 112 
switch chec,k 112 
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