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Device must be selected and on 
line to gate lines to the interface 

1\ 

2321 2302 I 2303 

Drive Ready I Acce .. Ready I 

I 
I 
I 

I I 
Drive Operative Access Operative 

I I 
I 

Read Safety Read Safety I I 

Write Safety Write Safety I 
2302 On Line 

I 2303 On Line 
Strip Ready 

and FT 5 I and FT 6 

Inva lid Address I 

I 

I 
I 
I 

Auto Restore 
I 
I 

I 
I 

I 
C E Ce II Located CE Cyl Located I 

2302 on Line I 
I 

! 
I I 

2321 On Line I 
I 2303 Operative 

I 
2303 On Line 

Early Index Early Index I Early Index 

I 
Useab Ie Area I 

I 

I 
I 

I 
I 

I 
l 

I 

Figure 5-10. File Status 

Unit Maximum number of units/configuration with no 2303's Type 

*2302-3 43332222221111111111000000000000000 
2302-4 00001000001110000000211111000000000 
2311 02100432102106543210043210876543210 
2321 00120012340120123456001234012345678 

Unit Maximum number of units/configuration with one 2303 Type 

*2302-3 33222211111100000000 
2302-4 00000011000011110000 
2311 10321010321032103210 
2321 01012301234501234567 

Unit Maximum number of units/configuration with two 2303's Type 

*2302-3 321 1 00 
2302-4 001010 
2311 000000 
2321 020426 

* A 2302-4 should be substituted for each multiple of two 2302-3',. 

In all cases the 2302 must be an even module 
select number. The 2302-3 must connect to either 
D, F, H, or K I/O connector. The 2302-4 must con­
nect to either D or H I/O connector. 2321's must 
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r--- Logic ~ 

r---

r--L---
0 File Safe 

.---
r-- A A Bus 0 

-"--::= 

--- A A Bus I 

~ A Bu. 2 

= B A I A Bus 3 

~ A I 
~ 

A Bus 4 

~A ...... 
~ 

A Bus 5 

~ A I A Bus 6 

~ '-
A Bus 7 

2302 On Line 

2321 On Line 

2303 On Line 

Early Index 

Useable Area 

FT 5 

FT 6 ~ Optional 
Interface 

AltCA 13 
Selected 

always be the first units connected to the 2841 on the 
multiplex cable. 

5.1.2 2302 Operation 

• Provide selection, address transfer and head 
selection of 2302. 

When the channel command calls for a 2302 operation, 
the microprogram determines that a feature device 
is called for and gives a 4-FT statement to select 
the feature attachment. FT bit 5 and not FT bit 6 
determines that the 2302 is selected. (Figures 5-1, 
5-2, 5-4, and 5-5). 

The operation is the same as for a 2311 with the 
exception of the head-address transfer to the 2302, 
which is a 16 bit address for the 2302. First, the 
units byte is placed in the address register and then 
the high order byte is placed in the Fe register. 
The address register and the Fe register are gated 
to the 2302 as a 16 bit word. 



FT 5 or FT 6 Optional Interface Selected 

2303 Operative 

ACC or Drive Operative 

ACC or Drive Ready 

Not Invalid Address 

Not Write Gate 

Read Safety A 

OR 

Write Safet 

Not Erase Gate 

A 

Erase Gate OR SSI 

A 

Write Safet 

Not Write Gate 
A 

Optional Fi Ie Interface 

Set FT Reg 

Figure 5~11. Fail Safe 

The 2302 has the same bit rate and format as 
the 2311 and uses the same read and write circuits 
in SERDES. The HA gap is larger than the HA gap 
for the 2311 (Figure 5-15). 

5.1.3 2321 Operation 

• Provide selection, address transfer and head 
selection of 2321. , 

When the channel command calls for a 2321 opera­
tion, the microprogram determines that a feature 
device is called for and gives a 2 .- FT statement to 

Safe Latch Safe To Head Select 

FL 

To Write Gate 

Safe Control 

FL 

Alt CA 12 ---------l A 
CN5 

D Time --------t A 
OR 

select the feature attachment. FT bit 6 and 2321 on 
line determines that the 2321 is selected. (Figures 
5-1, 5-3, 5-4, and 5-5.) 

The 2321 operation is different than the opera­
tion of the 2311 and the 2302. The address transfer 
sequence and timing for the 2321 are shown in Fig­
ure 5-5. 

The slower byte rate of the 2321 requires the 
use of a 875 kc-write-oscillator. The selection of 
a 2321 operation gates the 875 kc oscillator and de­
gates the basic 2. 5 mc oscillator. 

The slower byte rate also requires a different 
VFO circuit. The operation of this VFO is the same 
as the basic VFO but at a slower timing rate. The 
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Function 2311 2321 2302 2303 

Pack or Module 7.25 million 8 bit bytes 400 million 8 bit bytes 112.79 million 8 bit bytes 3.91 million 8 bit 
lCapacity Per Module . bytes 

Tracks Per 2,030 200,000 11,500 800 
Module or Access 

Tracks Per Head 203 5 250 1 

Number of Heads 10 20 46 800 

Track Capacity 3,660 2,031 5,046 4,892 

Maximum Record 3,625 2,000 4,984 4,892 

Rotation Period 25 ms . 50 ms 33.83 ms 17.5 ms 

Byte Rate 156.2 kc 51.1 kc 156.3 kc 303.8 kc 

Access Time 
Maximum 135 ms 600 ms 180 ms 17.5 ms 
Average 85ms --- 162 ms 8.6 ms 
Minimum 25 ms 95 ms 50 ms 0.0 ms 

Figure 5-12. Differences in Specifications 2311, 2302, 2303, and 2321 

block-bit-ring-advance single shot is timed for 
4600 ns instead of 1600 ns (Figures 5-16 through 
5-19). 

The track format is changed for the 2321 by 
the addition of an address mark ahead of the HA 
field. 

On the 2321 if a defect is found on the strip in 
the HA or Record 0 areas they may be moved approx 
imately 800 bytes from index. This is done by 

5-14 (7/69) 

making the flag byte bits 1 and 6 one's and by doing 
a write-HA-CCW. 

A restore command is added with the 2321. This 
command causes the 2321 to take the strip from the 
read station and return it to the cell (Figure 5-20). 

The 2321 attachment circuits, flow charts of 
operations, and timing charts are shown in the 2841 
Stage 2 FEMDM (pages 1221, 1613, 1712, 1737 and 
included on other diagrams). 



Function 2311 Selected 2321 Selected 2302 Selected 2303 Selected 
by FT 7 bl FT 6 by FT 5 by FT 6 
IE 7 I 6 IE 5 IE 6 & 3 

Seek Address 20~ t~~cks in one binory Cell, subcell,strip,head Cyli,nder ~~~ hea~ 80 cylinders ond 
COded Dyre, posirion and head number, numDer, L!)U rrac kS 10 heads. 
Head address sent 200,000 tracks and 20 and 40 heads (46 heads 
later heads if flag trac ks used). 

Address data 1 byte parallel 5 bytes serial. 2 bytes serial. 2 Bytes serial 
transfer to 
interface 

Address data 1 byte parallel 5 BCD digits serial. 4 BCD digits parallel. 3 Digits parallel FT 1 set 
transfer to device. FT l=set cylinder FT 1 set cell FT 1 set cylinder. Seek Complete FT 3 sets 

FT 2 set head number. FT 2 set head number. head address to OA 
FT 3 set finger. FT 4 set flag. Register 
FT 4 set head position. FT 3 sets head address 
FT 5 set sub cell. to OA register. 

Seek start Separate command Separate command Seek operation starts No motion required but 
(FT 0 and FC 2) (FT 0 and FC 2) when cy Ii nder address selection starts with head 

transfered to dev i ce. address set FT 2 
Seek Complete Signal 
turned on by FT 1 • 

Head address. 10 heads in portion 20 heads in 5 bits. 40 heads in 2 BCD 10 heads in one 
of binary coded byte. digits, byte. 

and 6 flag heads for 
a total of 46 tracks. 

Head address Separate transfer Separate transfer May be separate or sent Same as 2302 
transfer to device. parallel (requiring sepa- parallel (reset not at seek address trans- SetbyFT2. 

rate reset operation). required) , Set by fer time (reset not 
Set by FT 2. FT 2. required) . Set by FT 2. 

Head advance Incrementing head Static register in device. Static register may Same as 2302 
(multiple track). register steps ahead Head address stored in be incremented (Ot 

one when FT 4 and interface register. Read decremented) by setti ng 
FT 0=1 out to A bus, incremented new head address. 

in ALU and read back to Operation same as 2321 
interface register. Set 
to device with FT 2 

Select head. Must be latched into Same as 2311. Same as 2321. Same as 2321 
FC 5 but kept on Set by (FT 0 and FC 5) Set by (FTO and FC 5). Set by (FTO & FC 5) • 
thro~hout entire if write safety (from 
read write operation. device) is down. 

Read gate. Must be held up Not required by 2321. Same as 2321 Same as 2321 
throughout entire read Developed in interface erase gate control 
operation. Set by FT 0 for serializer/deserializer. required. FT~, 
and FC 1. FT 0 and FC 1. FC 0 and FC 4. 

Write gate. Must be held up Same as 2311 Write gate must be held 
throughout entire data except erase gate not up throughout data 
transfer to 2311 • 2311 required, instead write transfer. Neither erase 
requires erase gate control status Ii ne to 2311 must 
when write gate used. be controlled when gate or write status 

FT 0, FC 0 and FC 4. write gate is used. required. FT 0 & FC O. 
FT 0, FC 0 and FC 4. 

Figure 5-13a. Differences in Opel'ations 2311, 2302, 2303, and 2321 (Sheet 1 of 4) 
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Function 2311 2321 2302 2303 

Erase gate. Must be held up through- Erase gate not used, Same as 2311 except E rase gate not requ i red 
out data transfer. Must however equivalent erase gate must ~e held (FT 0 & FC 0 provides 
be held 9 btes after signal is write status. up a minimum of 40",5 write gate) • 
write gate ails. FT 0, Write status must rise (more than 7 bytes) • 
Fe 4 and FC 0) • .5",5 prior to write gate. FT 0, FC 4 and FC 0) • 

FT 0, FC 4 and FC O. 

Return to 00 Used for initial program Return to 00 not No such function No such function. 
load. To position used, an equivalent aVClilable in 2302-3 
access to cylinder 000. signal restore used to and 4. Can be achieved 
F~ 0 and FC 6. replace strip in cell. by seek operation to 

FT 0 and FC 6. invalid address followed 
by see k to any address. 

Set difference Used to indicate direct No such ~unction. Same as 2321. Same as 2321 • 
seek data. FT 3. All seeks are direct 

, seek. 

Head reset. Used to set head address Equivalent function Same as 2321 • Same as 2321 • 
to 00. is set head oddress. 

FT 2. 

Set control Used to indicate Used to gate data bus Same as 2321. Same as 2321 • 
that bits on data line signals to proper cable 
represent control data. connections on 2321 
FT O. channel. FT O. 

Attention. Signal from 2311 to Same as 2311. Signal Some as 2311. No motion required. 
2841 that seek operation is turned off by FT 0 However ,Attention signal 
has been completed. and FC 1 on next module is response to set Seek 
gated to ALU by ALT select operation to 2321 Complete Operation at CA 12. SC=Mod #. concerned. SC= Mod # 

gated by ALT CA= 12. present ,reset by mod select. 

Old address. lines to 2841 which Used to read old head Same as 2321. Same as 2321 • 
represent present nu mber from head address 
cylinder position. register in interface. 
gate~, to ALU by Gated by ALT CA 14. 
ALT CA 14 

Figure S-13b. Differences in Operations 2311, 2302, 2303, and 2321 (Sheet 2 of 4) 
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Function 

SlATUS SIGNALS 

Ready 

On line 

Unsafe 

2311 

As explained individually 
below. Gated by ALl 
CA 13. 
Indicates selected device 
is safe and ready ta 
perform. FS 0 and ALl 
CA 13. 

When up indicates 
selected 2311 is operable 
but not necessari Iy ready. 
Goted by ALl CA 13 and 
FS 1 

Signal from 2311 that 
indicates selected 2311 
is unsafe and will not 
perform any operation. 
Gated by ALl CA 13 and 
FS 2 

2321 

Same as 2311 • 
gated by ALl CA=13. 

Exact signal not avai lable 
Equivalent is drive 
ready indicating that 
a strip has been picked 
and is ready or that the 
interlocks are satisfied 
and a seek operation may 
be started. FS 0 and All 
CA 13. 

When up indicates that the 
module number addressed 
was a 2321. 
Separate on line signals 
provided for 2321 and 2302 
and are sent to I E as bits 
3, 5 and 6. If interface 
is selected and no module 
select operation has been 
done or the module selected 
does not exist, all three 
bits (3, 5 and 6) are be on. 
When a module is selected 
only the bit for that type 
is left on. This permits 
the program to test for 
wrong type or missing de­
vice (misplugged cable) or 
selection fai lure. If 2321 
is selected IE=8it 6. 

Signal is generated in 
interface and indicates 
that drive ready, or 
drive operative, or 
read/write safety 
failure has occurred. 
When unsafe condition 
occurs, drop write gate 
deselect head and drop 
write status, for maximum 
protection to data; however, 
the not safe condition is 
latched on for testing pur­
poses until FT register is set. 
2321 unsafe is indicated 

by IS 2=0. Gated by All 
CA 15. File safe indicated 
by IS 2=1 

Note: FC is not reset by 
unsafe if CE switch is in 
local and 2321 is on 
CE track. 

Figure 5-13c. Differences in Operations 2311, 2302, 2303, and 2321 (Sheet 3 of 4) 

2302 

Sa me as 232 1. 

Exact signal not available. 
Equivalent is access ready 
indicating that access has 
arrived and seek operation 
may start FS 0 and ALl 
CA 13. 

See 2321 except if 
2302 selected 
IE=8it 5. 

See 2321. Except 
signals tested (moni­
tored) in interface 
are access ready, 
access operative, read 
safety, and write safety. 

2303 

Same as 2321 • 

Signal not avail. 
Equivalent is 2303 
On Line indicated 
by IS 2 & ALTCA 
13 or by IE 3 & 6. 

See 2321 except if 
2303 selected 
IE-Bits 3 & 6. 

Exact Signal not 
Available-- only 
sIgna I returned by 
2303 is 2303 On 
Line. lhis signa I 
is interpreted as 
fj Ie safe. 
2303 unsafe indicated 
by IS 2=0 
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Function 2311 2321 2302 2303 

Seek incomplete Indicates that seek Signal not available. Signal not available. No such signal 
complete did not OCCUI Equivalent signals are Equivalent signals are exists. Equivalent 
within 600 ms after drive inoperative access inoperative condition is fai lure 
seek command was given. (indicalion of motion (indication of motion to get seek camp lete FS 7 gated by control malfunction) circuit fai lure} or CE 
ALT CA 13. or invalid address in cylinder located signa I from 2303. 

file register or a (access located on Seek complete 
physical misposition of non-data surface). Failure indication 
the drive). Drive Access inoperative SC=Not Mod II 
inoperative FS 1=0. FS l=O,CE cylinder Addressed. Gated by 
Invalid address FS 5=0. located FS 7=1. Gated ALT CA 12. 
Gated by ALT CA 13. by AlT CA 13. 

End of cylinder Indicates selected 2311 Signal does not exist. Same as 2321. Same as 2321 • 
has head address of information avai lable 
10 o~ 11 (invalid). from count field on 
FS 5 gated. by AlT CA 13. data track or in OA 

register. in interface. 

Any file attention This is an OR of the atten- Same as 2311 . IS 6 Same as 2311 except Same as 2311 except 
tion signals. IS 7 gated by gated by AlT CA 15. IS 6 gated by AlT CA IS 6 Gated by AlT CA 15 AlT CA 15. 15. 

Figure 5-13d. Differences in Operations 2311, 2302, 2303, and 2321 (Sheet 4 of 4) 

Function 2311 2321 2302 2303 

Strip ready Exact si gna I does not I ndi cates that the Exact signal does not Exact signal does 
(2321) exist. Equivalent clutch has been exist. Equivalent not exist. Equivalent 

signal is on line. FS 4 picked and has signal is on line. signal is On line FS 4. 
gated by ALT CA 13. passed early index. FS 4 gated by ALT Gated by AlT CA 12. 

FS 4=1 gated by CA 13. 
AlT CA 13. 

Drive operative Exact signal does not Indicates that drive is Exact signal does not Exact signal does not exist. 
(2321) exist. Equivalent functionally capable exist. Equivalent signal Equivalent signals are: 

signal is ready. FS 0 and a proper drive was is access operative. 1) 2303 On line IE3& 6. 
gated by ALT CA 13 selected and not in CE FS 1=1 gated by AlT 2) File Safe IS 2. 

mode. FS 1=1 gated by CA 13. 3) Attention SC=Mod II. 
AlT CA 13. 4) Any Seek complete.lS 6=1. 

Auto restore Signal does not exist. Indicates that strip is Exact condition does Signal does not 
(2321) being (or has been) not exist. Equivalent exist. 

returned to cell condition is rezero, 
because drive has not indicated by CE 
been addressed for 800 cylinder located. 
ms. FS 6=1 gated by FS 7=1. 
ALT CA 13. 

I nva lid address Equivalent conditions 
(2321) are: 

1) End of cylinder FS=5. Indicates that address in Exact signal does not Condition does not 
2} Seek incomplete, register is invalid or that exist. Equivalent exist. 

FS 7 gated by ALT drive is physically mis- signal is CE cylinder 
CA=13. positioned. FS 6 gated located. FS 6 gated 

by AlT CA=13. by ALT CA=13. 

CE cell located Signal not available. Indicates CE cell I ndicates that access Signa I does not 
(2321) located at access located at non data exist. 
CE cylinder located 
(2302) 

station. surface. 

Figure 5-14. Functions not in the 2311 
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5.1. 4 2303 Operation 

• Provide selection, address transfer and head 
selection of the 2303. 

When the channel command calls for a 2303 opera­
tion, the microprogram determines that a feature 
device is called for and gives a 2 ___ FT statement to 
select the feature attachment. FT bit 6 and 2303 on 
line determines that the 2303 is selected (Figures 
5-1, 5-2, 5-4. and 5-5). 

The 2303 drum storage has a capacity of 3.91 
million bytes, contained in 800 tracks of 4, 892 bytes 
of data. The byte rate is 3.29 /-Ls per byte which is 
much higher than the 2311 byte rate. 

Because of the higher byte rate and the differ­
ences in gap size and bit configuration, (Figures 5-21 
and 5-22) many parts of the basic microprogram 
cannot be used for 2303 operations. 

lead Area 65 Bytes Ones 

Figure 5-23 shows the areas of the program that 
are branched into for 2303 operations. These rou­
tines operate in much the same manner as the basic 
routines, but they handle only 2303 operations, so 
they can operate at a high byte rate. 

The 2303 microprogram tapes are located in 
modules 0, 1, and 2 of the C gate of TROS. The hex 
addresses of these modules are: S·XX, 9XX, and 
AXX. TROS address bit 11 causes the modules on 
gate C to be addressed. 

System programming for the 2303 is much the 
same as for the 2311. A list of differences follows: 

1. Multiple track operation: Allows for multiple 
track operation on all 800 tracks. A full seek 
or cylinder seek command must precede a mul­
tiple track command in a chain of commands. 

2. Defective track flagging: There is no need for 
defective track flagging as the 2303 has extra 
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Figure 5-24. 2303 Clock Phase Timing 

heads to rewire to replace defective track 
surfaces. 

3. File scan feature: The file scan command is 
rejected if the 2303 is selected. 

4. Restore command: This command is treated as 
a no operation if the 2303 is selected. 

5. Recalibrate command: This command is treated 
as a no operation command if the 2303 is 
selected. 

2303 Serializer IDeserializer 

When the 2303 is selected for a read or write opera­
tion, the basic serializer/deserializer (SiD) is 
blocked by the 2303-selected line. The 2303-selected 
line controls: 

1. Selected-read-data (blocked). 
2. Bit-ring-reset (held active). 

The 2303 on-line signal blocks the writing of 
clock pulses. 

PhOfe 1 I 
I I 

Phase 5 PhOfe 2 1 
I I 

Clock 120 ns I 
I I I 

1 
50 ns 18505 I 
I ~ 

250 /'IS 120 ns I I I 
320 ns 1r I 

I Clock 

I 
320 ns 50 ns I 
I I I 

I 
I 

~ 

The 2303 SiD is needed because the 2303 uses a 
clock track, because the 2303 records only data pulses 
on the data tracks, and because of the high data rate 
of the 2303 must use circuit cards faster than the 
normal SiD. 

Serializer IDeserializer Write Operation: These are 
the objectives of a 2303 write-horne-address 
operation: 

1. Select the 2303 interface. 
2. Select the 2303. 
3. Select the 2303 head. 
4. Set up to write 65 bytes of ones in the gap. 
5. Wait for the index pUlse. 
6. Bring up the write-gate line to activate the 

serializer I deserializer (SD). 
7. Write 65 bytes of ones. 
8. Bring up address-mark line to activate the 2/3-

frequency oscillator. 
9. Write 20 bits at 2/3 frequency (address mark). 
10. Drop address-mark line. 
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11. Write one byte of normalfrequency ones. 
12. Write one byte of zeros. 
13. Write one sync byte (hex 14). 
14. Transfer to SiD and write data (home address). 

Before a write operation can take place, the 
2303 must be selected and the proper head selected 
with a seek command. When the 2303 is selected, 
clock-track pulses from the 2303 are sent to the 2841 
(Figure 5-25). The clock-track pulses are fed to a 
time delay circuit and ANDed together to develop 
phase zero through phase five pulses that are used 
for timing the write operation (Figure 5-26). 

Assuming a write-home-address operation, the 
microprogram brings up write-gate after index and 
sets the DR register to hex FF to write the index 
gap of 65 bytes of hex FF (Figures 5-25 and 5-26). 

Write-gate coming up starts the 1600 ns single 
shot timing to give VFO-reset which resets the 
delta-bit:-ring (lon, all others off) and the bit"-ring 
(all off) and holds the write-clock-gate FL off to 
allow the clock-track pulses to recover from the 
noise pulses found at index. Write-gate and 
not-write-clock-gate gives the write-start pulse 
to transfer the DR register contents (hex FF) to 
the file-data register (FDR) and the two position 
buffer register. 

When the VFO-reset single shot has timed out, 
the write-clock-gate FL turns on and at the next 
phase zero time starts the delta-bit-ring and bit­
ring running. 

At bit-ring 2 time, the buffer register bits are 
transferred into the 0 and 1 positions of the FDR. 
Because the FDR contains all one bits at bit-ring 2, 
phase-three time, the write-data line to the selected 
2303 is brought up for the first time and is brought 
up at each phase three thereafter. 

Each write-phase-data pulse changes the state 
of the write FF. At bit-ring seven time of each byte, 
the output of the write FF is checked with the output 
of the FDR parity bit to see that the proper number 
of data bits were written. If a write-data-error is 
detected, the ER register bit one is turned on. 

At delta-bit-ring 7 time, the 2303-data­
transferred FL is turned on to signal the micropro­
gram, by turning on ST register bit 4, that the 2303 
SiD is ready for a new byte. 

At bit-ring 0, phase-one time the write FF and 
the FDR FL's are reset. At bit-ring 0, phase-two 
time the new byte is transferred from DR to FDR. 

This sequence is repeated for 65 bytes of hex FF . 
The microprogram then brings up the address­

mark line which turns on the write-address-mark 
FL. The write-address-mark FL gates the 2/3-
frequency oscillator, blocks the write-data line, and 
brings up the address-mark-write-data line to send 
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2/3-frequency-data pulses to the selected 2303. 
While the 2/3 frequency pulses are going to the 2303 
the bit-rings, the FDR, and the 2303-transferred FL 
are operating at normal clock track frequency. The 
microprogram drops the address mark line after 
four byte times have passed and places a byte of hex 
00 in DR. 

Because of timing, one more byte of hex FF is 
written then the byte of hex 00. The microprogram 
sets up the sync byte (hex 14) in DR and starts to 
transfer the home address data (F, C, C, H, H) from 
the channel. 

Serializer /Deserializer Read Operation: These are 
the objectives of a 2303 read-home-address operation. 

1. Select the 2303 interface. 
2. Select the 2303. 
3. Select the 2303 head. 
4. Wait for the index pulse. 
5. Bring up the read-gate and address-mark lines 

to activate the serializer / deserializer (SD). 
6. Search for the address mark. 
7. Read the byte of zeros. 
8. Synchronize bit-rings to the data from the 2303. 
9. Read the sync byte serial data and set the data 

in the file-data register. 
10. Transfer the sync byte in parallel to the DR 

register. 
11. Repeat items 9 and 10 for each byte of home 

address data. 

Before a read operation can take place, the 2303 
must be selected and the proper head selected with a 
seek command. When the 2303 is selected, clock­
track pulses are fed to a time delay circuit and 
ANDed together to develop phase-zero through phase­
five pulses that are used for timing the read opera­
tion (Figure 5-24). 

Assuming a read-home-address operation, the 
microprogram brings up the read-gate and the 
address-mark lines after a time out period after in­
dex has passed (Figures 5-27 and 5-29). 

The read-gate line coming up brings up the VFO 
reset line to turn off all the bit-ring FL's and turn 
off all the delta-bit-ring FL's but the delta-bit-ring 
one FL which is turned on. The read-gate line com­
ing up starts the select-phase latch, hold-phase FL 
sequence but because the address-mark line comes 
up the select-phase and hold-phase FL's are turned 
off. The address-mark line turns on the search­
address mark FL. 

When the bit-ring reset line drops, the delta­
bit-ring and bit-ring start running. 

With the search-address-mark FL on the 
address-mark-detection FL's (500-720, leading-
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edge-det. and AM det.) start their sequence. The 
timing of the 500-720 FL and the leading-edge-det. 
F L with the normal data input rate prevents AM Det. 
FL from turning on until the address mark data is 
reached. 

The bit-rings are driven by the address-mark­
bit-present line to keep the rings in step with the 
data. 

The 8 bits FL is turned on when eight address­
mark bits have been read. The AM-good FL is 
turned on at the next bit-ring-7 ti.me. 

The select-phase F L is turned on at the next 
bit-ring-3 time. The leading-edge-detector FL is 
turned on with the fall of the next data pulse allowing 
the hold-phase FL to turn on with the following data 
pulse. The hold-phase FL blocks the advance of the 
latch sequence with some combination of latches on. 
The latches on and the phase time from the clock­
track delay circuit gives selected-phase to lock the 
SiD circuits to the data from the 2303. 

The selected-phase line turns off the AM-good 
FL and the bit-rings are reset to delta-bit-ring 1, 
and bit-ring all off. 

At the end of the byte of ones following the ad­
dress mark bytes, the zeros-count line comes up to 
drive the bit-rings while the byte of zeros is read. 

The 8 bits FL is turned on at delta-bit-ring 1 
time of the sync byte to turn off the search-address­
mark FL and bring up the 2303-read-gate line. 

The 2303-read-gate line allows the selected­
phase line to drive the bit-rings in step with the data. 

The data pulses from the 2303 turn on the file­
data register (FDR) FL's or the buffer register FL's. 
The contents of FDR are transferred to the DR reg­
ister at bit-ring-O time of each data byte. Because 
of the timing conditions, 2303-data oulses for 
bit-ring-O and 1 times are set into the buffer register. 
The FDR FL's are turned off at bit-ring-1 time. 
The buffer FL contents are transferred to the FDR 
zero and one FL's at bit-ring-2 time. 

Iri the 2303 attachment, the development of the 
burst bytes is done by the circuits and not by the 
microprogram (Figure 5-28). The microprogram 
enables the circuit by giving a 16 - Fe statement and 
setting constants in the BX and BY registers before 
the sync byte is reached. The burst-latch FL is 
turned on at bit-ring-5 time of the sync byte. Be­
cause the burst FF was held off until the 2303-read­
gate line came up, the BY-burst-gate line is up to 
set the sync byte data into the BY register. The con­
stants set into the BX (HA-AM=246) and BY (255) 
registers plus the sync byte data from FDR (HA-AM 

=9) leave the BX and BY registers with all ones after 
the sync word. The contents of the BY register are 
transferred to the BB register and exclusive ORed 
with the contents of the FDR resulting in the BY reg­
ister being equal to 255. 

The burst FF is turned on at delta-bit-ring-3 
time of the 1st data byte and the BX-burst-gate line 
comes up. The contents (255)· of the BX register are 
transferred to the BB register and exclusive ORed 
with the contents of the FDR (1st data byt~) and set 
into the BX register. 

This bursting sequence is continued to the end of 
the field and the microprogram checks the BX and 
BY registers for zero. 

5.2 ADDITIONAL STORAGE FEATURE 

• This feature allows attachment of additional 
units of 2302 Models 3 and 4 to a basic 2841. 

• A maximum of sixteen accesses in any combina­
tion of 2311, 2321, 2302-3, 2302-4 and 2303's is 
provided. 

• All accesses above the basic eight must be 
2302-3's or 2302-4's. 

• Maximum of eight WlitS. 

The 2302-3 has two access mechanisms in each phys­
ical unit. Two consecutive access addresses must 
be assigned to each unit beginning with an even ad­
dress (0-1, 2-3, 14-15). 

The 2302-4 has four access mechanisms in each 
phYSical unit. Four consecutive access addresses 
must be assigned to each unit beginning with an ad­
dress divisible by four (0, 1, 2, 3-12, 13, 14, 15). 

It is presumed that there will be no more than 
one 2302-3 on a 2841. This is because one 2302-4 
has the same functions as two 2302-3's for substan­
tially less rental. 

The hardware capability is: 

1. Standard. A total of two physical 2302-3 or 
2302-4 units attached to a 2841 in any of the 
following combinations: 

2302-3 

2 

2302-4 

o 
Total Accesses 

1 1 
o 2 

4 
6 
8 
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2. Standard plus Additional Storage Feature. A 
total of four physical 2302-3 or 2302-4 units 
attached to a 2841 in any of the following 
combinations: 

2302-3 2302-4 Total Accesses 

4 0 8 
3 1 10 
2 2 14 
1 3 14 
0 4 16 

Two additional I/O connectors are added to the 
feature file connectors. They are addressed with a 
module select of 8 and 12 respectively. 

As shown in Figure 5-8, the FT register bit 7, 
with the optional interface selected, gates the sec­
tion of the additional accesses. 

5.3 FILE SCAN FEATURE 

• The file scan feature allows search operations on 
the data field. 

The file scan function provides an automatic rapid 
search for a specific identifier or condition (Figures 
5-30 and 5-31). The search applies to both the key 
and data fields. A control mask consisting of bytes 
of information on which a comparison is or is not to 
be made is placed in core storage. The bytes on 
which a comparison is not to be made are identified 
by a special configuration of bits (aU one's). A scan 

command must be given for each key and data field 
to be scanned. 

This feature provides three new commands, each 
of which may be used in multitrack mode. 

Search Key - Data Equal (0010 1101) 
Search Key - Data High (0100 1101) 
Se!lrch Key - Data High or Equal (0110 1101) 

If a logical comparison on equal is encountered, 
channel end, device end, and status modifier signals 
are generated. If a logical comparison is unequal, 
only channel end and device end signals are generated. 

The length of the search is dependent upon the 
setting of the M/T bit of the search command and the 
sequence of commands given by the channel. If the 
M/T bit is a 1, the search continues until the speci­
fied condition is met or until the end-of-cylinder is 
encountered. Should the M/T bit be a 0, the search 
continues until the condition is satisfied or until two 
index points are sensed at which time unit check (no 
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record found), channel end, and device end signals 
are generated. 

A KL of zero compares data only to the core 
mask. 

If the CCW count is greater than (KL+DL), the 
search operation is completed when (KL+DL) equals 
zero. The 2841 terminates the command with status 
of channel end and device end. The status modifier 
bit is generated if the logical comparison was 
satisfied. 

If a bus out parity error, overrun, or data check 
is detected during a search-key and data equal opera­
tion, unit check, channel end, and device end status 
is generated at the completion of the command. 

If the 2303 is attached the file scan feature does 
not apply to the 2303 but may be used on the other 
devices. 

5.4 TWO-CHANNEL SWITCH FEATURE 

• The two-channel-switch feature provides the 
circuitry required to attach the 2841 Storage 
Control unit to a second channel. Switching 
from one channel to the other is done elec­
tronically under program control. 

The two-channel-switch feature allows the 2841 
Storage Control unit to be switched to either one of 
two channels or to a neutral position. (Figure 5-32). 

The channel selection switch has three posi­
tions: channel A, channel B and neutral. When the 
switch is in the neutral position, the 2841 is selected 
by the first channel to complete the selection se­
quence. In the event both channels attempt to se­
lect the 2841 simultaneously, the tie is resolved by 
the switch logic. 

Once the 2841 has been selected by a channel, 
it remains selected to that channel until ending 
status is presented. At that time the channel selec­
tion switch returns to neutral unless: 

1. The channel indicates command chaining, 
2. The last status byte was part of a channel­

initiated signal sequence and was stacked by 
the channel, 

3. The last status byte contained the unit-check bit 
(Contingent Connection), or 

4. No command other than test I/O or no-op has 
been iniiiated since condition (3) occurred. 

While a channel connection is being maintained 
as a result of condition (3) or (4) above, the 2841 
will not respond to polling by the channel except to 
present stacked status, or control-unit-end. Once 
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Bus out or Tag out Lines 
from Channe I A 

Bus out or Tag out Lines 
from Channel B 

Figure 5-32. Two Channel Switch Data Flow 
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and 
Interlock 
Circuits 
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this connection is terminated, the sense information 
is reset by any signal sequence other than test I/O, 
sense I/O, or no-op over either interface. 

If channel A (B) attempts to select the 2841 
while the 2841 is selected to channel B (A), the 2841 
responds to channel A (B) with the short control­
unit-busy sequence. (Under no circumstances does 
the 2841 post control-unit-busy and control-unit-end 
in the same status byte.) This short control-unit­
busy sequence may occur on any channel-initiated 
selection sequence (IPL, test I/O, and all initial 
commands of a CCW chain). 

Whenever the short control-unit-busy sequence 
occurs, the 2841 attempts (by means of the request­
in line) to present to channel A (B) a status byte con­
taining control-unit-end after the channel selection 
switch returns to the neutral position. The address 
byte associated with this status condition is the base 
address of the 2841 on that channel. This pending 
control unit condition, in itself, does not cause the 
2841 to appear busy to channel B (A) as long as the 
channel selection switch is not actually connected 
to channel A (B). 

Both request-in lines may be up at one time if 
the channel selection switch is in the neutral posi­
tion. The request-in line on one channel is de­
gated whenever the channel selection switch is 
connected to the other channel. 
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The 2841 responds with unit check (command­
reject) to all commands in the sense group other 
than sense I/O, device reserve or device release 
regardless of whether or not the two-channel-switch 
feature is installed. 

5.4.1 Device Reserve Command (1011 0100) 

The device reserve command includes all of the func­
tions of the sense I/O Command, and in addition, 
causes the addresse~ device to become reserved to 
the channel issuing the command. Once a device 
becomes reserved to a channel, it remains reserved 
until that channel causes the 2841 to execute a device 
release command addressed to that device or to per­
form a system reset. 

A device reservl'l command is executed regard­
less of any abnormai device status conditions such 
as off line, unsafe, etc. 

A device reserve command which is preceded in 
the same command chain by a set-file-mask com­
mand is rejected with unit-check (command-reject 
and invalid-sequence). 

The device reserve command is rejected with 
unit-check (command-reject) by a 2841 which does 
not have the two-channel-switch feature installed. 



5.4.2 Device Release Command (1001 0100) 

The device release command includes all of the func­
tions of the sense I/O command, and in addition, 
causes the reservation of the addressed device to be 
terminated. 

A device release command is executed regardless 
of any abnormal device status conditions such as off 
line, unsafe, etc. 

A device release command which is preceded in 
the same command chain by a set-file-mask command 
is rejected with unit-check (command-reject and 
invalid-sequence). 

The device release command is rejected with 
unit-check (command-reject) by a 2841 which does 
not have the two-channel-switch feature installed. 

5.4.3 Device Status 

5.4.3.1 General Condition 

Whenever a device is busy for any reason, including 
reservation to channel A (B), any command from 
channel B (A) addressed to that device is rejected 
with busy status. This, in turn, causes the 2841 to 
attempt (by means of the request-in line) to present 
to channel B (A) a status byte containing device-end 
after the busy condition is terminated. The address 
byte associated with this status byte is the same as 
that associated with the busy-status byte. 

No request-in is presented on channel A (B), as 
long as the requesting device is reserved on channel 
B (A). 

Device-end status resulting from any channel 
command which causes mechanical motion of an ac­
cess is presented to the channel that issued the com­
mand. 

Device-end status resulting from a not-ready to 
ready trans ition is presented to both channels. Each 
channel must accept this device-end before it can 
use the device. 

If, as a result of control unit initiated switching, 
a channel stacks a status byte containing device-end 
or control-unit-end alone, the channel selection 
switch returns to neutral and the control unit is not 
control-unit-busy to other device addresses from 
either channel, but attempts to present the stacked 
status again under control of suppress-out. 

5.4.3.2 Contingent Connection 

A contingent connection state exists in the control 
unit after a unit check is generated, and lasts until an 
initial status byte of zero is given to some command 
other than test I/O. In this state, the control unit 
operates in the following manner: 

1. Does not raise request-in or respond to polling 
caused by status pending in a device. (However, 

status pending in the control unit does cause request-in. ) 

2. Stays connected to the channel on which the unit 
check occurred. 

3. Maintains a logical connection to the device unless 
another device attached to the control unit is ad­
dressed while no status is pending in the control 
unit for this channel. This logical connection 
makes the device unavailable (busy) to other 
channels. 

5.4.4 Miscellaneous 

5.4.4.1 Addressing 

The base address (four high-order bits) of the 2841 
on one channel is independent of the base address of 
the 2841 on the other channel. However, the four 
low-order address bits for any attached device must 
be the same on both channels. Bit position 4 of all 
device addresses must be zero. 

5.4.4.2 System Reset 

A system reset can be initiated by either channel at 
any time. A system reset causes all reservations 
and status conditions stored in the 2841 and related to 
the resetting channel to be reset. Reservations, 
operations, and status conditions related to the other 
channel are not affected. Both channels may initiate 
system resets at the same time. If a channel initiates 
a system reset when the channel selection switch Is 
not selected to the other channel, the 2841 performs 
a machine reset. A selective reset has no effect on 
deVice reservations or status. 

5.4.4.3 Interface Timing 

OccaSionally, an interface signal sequence requires 
more than 32 ,.,. sec. This cannot occur on any CCW 
following the first CCW in a chain. All signal se­
quences require less than 64 ,.,. sec. This is an ex­
ception to the interface definition. 

5.4.4.4 Use Meter 

A single usage meter records process time in the 
2841; however, a separate meter-enable switch is 
provided for each channel interface. These switches 
allow each interface to be disabled independently and 
provide a partitioning capability. While in the dis­
abled state, an illterface always propagates select­
out and cannot raise any inbound tag line. 

An optional feature is available to remove the 
meter-enable switches from the 2841 and place them 
on a remote configuration unit (such as the IBM 2167) 
for time sharing systems. 

In order to disable a channel interface, the fol­
lowing conditions must exist: 
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1. The enable switch for that channel must be in the 
DISABLE position, 

2. The channel selection switch in the 2841 must not 
be selected to that channel, and 

3. The clock-out line from that channel must be down. 

In order to allow a channel interface to return to 
the enabled state, the following conditions must exist: 

1. The enable switch for that channel must be in the 
ENABLE position, and 

2. The clock-out line from that channel must be 
down. 

Programming Note: If a CPU is allowed to enter the 
stopped or wait state when the 2841 contains out­
standing status, the status may be made unavailable 
if the meter enable switch has previously been set to 
DISABLE. 

The clock-out line to the attached devices is up 
if either interface is enabled and has clock-out up. 

5.4.4.5 Power Control 

A power control interface is provided for each chan­
nel. If either channel indicates power on, the 2841 
turns on. The 2841 will turn off only if both channels 
indicate power off. The normal CE power control is 
available as described in Chapter 4. 

The emergency power off (EPO) line from 
either channel A or B drops the 2841 EPO relay. The 
dropping of the E PO lines is controlled by channel 
power control circuit. 

5.4.5 Two-Channel Switch Circuit Description 

The two-channel switch feature provides the circuits 
for: the two sets of channel interface connectors 
(A and B), two select out jumper cards, two address 
decode jumper cards, selection circuits for each 
channel, gated 'in' and 'out' lines to and from both 
channels, and eight SW registers. The two-channel 
circuits are shown on FEMDM pages 1450-1 through 
1450-4. The selection circuits shown on FEMDM 
1450-1 are activated as follows: 

1. 'Address out' from channel A is activated and 
passes through the address jumper card and 
address compare circuits to activate the 'addr 
compare A' line. 

2. 'Addr compare A' and '(not)select out A' lines 
AND to turn on the 'steering latch A' (1450-1). 

3. 'Select out' from channel A is activated and 
passes through the selection relay (1450-4) to 
turn on the 'select out' latch, activating the 
'select out A' line. 
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.4. 'Select out A' and 'steering latch A' lines 
(1450-1) are ANDed to activate the 'switched to 
A' line. The' switched to A' line gates the 'bus 
out' lines from channel A and blocks the 'switched 
to B' line, preventing a selection by channel B 
until channel A deacti~ates the 'hOld out' line. 

The balance of the operation is the same as a single 
channel interface using the circuits gated by the 
'switched to A' line. 

There are ei~t SW registers added to the 2841 
with the two-channel switch feature (1450-4). The 
SW registers are used by the microprogram to keep 
track of the status of each device for each channel. 
The specific UR register 'module select bit' that is 
on determines the SW register to be used for an 
operation. 

Each SW register is functionally divided into 
two parts. Bit positions 0-3 are related to chan­
nel A, and bit positions 4-7 to channel B. 

0 1 2 3 4 5 6 7 

Res. DE* DE* DE* Res. DE* DE* DE* 
to Pack SC Seek to Pack SC Seek 
A Change + In B Change + In 

BUsy Frog. Busy Prog. 
+ + 

Busy Busy 

Channel A Channel B 

SW Register for the Selected Module 

The SW bit position assignments are as follows: 

Position 

o 

1 

Reserve Unit 
"x" A 

Device end* 
pack change 
"x" A 

Meaning 

Bit 0 is turned on by the 
microprogram when chan­
nel A issues a reserve 
command and the module 
is not reserved to chan­
nel B. 

This bit is turned off 
when channel A issues a 
release command. 

This bit is turned on by 
the microprogram when 
the 'gated attention' line 
(from the selected mod­
ule) is detected, and no 
previous seek command 
has been issued. This 
condition means the 'at­
tention' was caused by: 



Position 

1 
(Cont) 

2 

3 

Name 

Device end* 
seek complete 
+ busy "x" A 

Seek in 
progress + 
busy "x" A 

Meaning 

a power-on seek, a pack 
change, or the meter 
switch (on the module) has 
been transferred from 
DISABLED to ENABLED. 

This bit is turned off 
when the 'device end' has 
been presented to and ac­
cepted by channel A. 

This bit is turned on by the 
microprogram when the 
'gated attention' line from 
the selected module (fol­
lowing a previously issued 
seek command) is detected 

If the module is reserved 
to channel B and channel A 
attempts to select the mod­
ule, bit 2 is turned on. 
This 'device end' condition 
is presented to channel A 
after channel B has re­
leased the module to allow 
channel A to determine that 
the module is available. 

This bit is turned on by the 
microprogram when the 
'seek start' condition is 
sent to the module (seek 
command issued by chan­
nel A). 

This bit indicates a seek 
is in progress and is used 
(with bits 1 and 2) by the 
microprogram to deter­
mine if a 'gated attention' 
from the selected module 
is the result of a seek com­
mand or a pack change. 

The bit is turned off when 
the 'gated attention' from 
the module is acknowledged 
by turning on bit 2. 

Position Name Meaning 

4 Reserve Unit __ 
"x" B 

5 Device end* 
pack change 

These bit positions have 
"x" B 

the same functions as bit 

6 Device end* 
positions 0-3 respectively, 

seek complete 
but are related to channel 

+ busy "x" B 
B. 

7 Seek in 
progress + 
busy "x" B 

The SW registers have entries from the D bus 
and exits to the A bus. 

I
P R~:671 I~O _________ R_E:O_R_l _________ 7~1 P UR 7 

RUOOI 

The SW register circuits are shown on FEMDM 
1450-4. 

The SW register output lines 'reserve unit B' , 
'device end* S. C. + busy A', 'device end* pack 
change A', 'seek in progress + busy A', and 'seek 
in progress + busy B' lines are used in developing 
'attention unit "x" Ch A' lines to poll the channel 
(1450-4). 
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5.4.6 Command Examples 

The following is an example of how the two-channel 
switch feature operates. Assume the following: 

1. A 2841 with eight 2311's attached, and the two­
channel switch feature installed, is being shared 
by two CPU's (Figure 5-33). 

2. Interface A is attached to the MPX channel on 
System/360 Model 30. 

3. Interface B is attached to a selector channel on 
a System/360 Model 40. 

4. The 2841 is looping, waiting for selection, and 
all hardware has been reset. 

5. The System/360 Model 40 (channel B) contacts 
the 2841 first. 

The sequence of events is: 

Channel B issues a 'reserve' command to the 
2311 module 2; then channel A issues 'reserve' 
and seek commands to the 2311 module 5. 

5.4.6.1 Reserve Command Execution (Channel B) 

The System/360 Model 40 (channel B) issues a 
'reserve' command to the 2311 module 2. The 
'switched to B' line turns on the ER6 bit during initial 
selecti~n. ER6 indicates that channel B is working 
with the 2841 and allows the microprogram the capa­
bility of detecting which channel is acting with the 
2841. Only channel B can turn on the ER6 bit. 

The microprogram in the 2841 executes the 
'reserve' command and turns on bit position 4 of SW 
register 2. Bit position 4 being on indicates to the 
microprogram that the 2311 module 2 is nowexclu­
sively reserved to channel B. This ends the 're­
serve' command execution. 

If, at this time, the System/360 Model 30 (chan­
nel A) tries to select the 2311 module 2, then the 
microprogram examines SW register 2, and finds bit 
position 4 on. Bit 4 on indicates that the 2311 mod­
ule 2 is exclusively reserved to channel B. The 
microprogram then sends a device busy condition 
back to the System/360 Model 30 (channel A) during 
initial selection status presentation. The busy status 
indicates that this device cannot perform any work 
for channel A. The microprogram turns on bit posi­
tion 2 (device end* seek complete + busy 2 A) in SW 
register 2. The posted 'device end' condition does 
not !:!Ifect any operations while the 2311 module 2 is 
reserved to channel B. When channel B no longer 
requires the 2311 module 2, it issues a 'release' 
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command to cancel the previous reservation. The 
microprogram then finds that bit position 2 in SW 
register 2 is on. Bit 2 on indicates that channel A 
attempted to use the 2311 module 2 while it was re­
served to channel B. Because channel B has re­
leased module 2, the microprogram sends a 'device 
end' condition to channel A, indicating the 2311 
module 2 is now available. 

5.4.6.2 Seek Command Execution (Channel A) 

The System/360 Model 30 (channel A) contacts the 
2841 to issue a 'reserve' command to 2311 module 5. 
The microprogram checks to see if the 2311 mod­
ule 5 is reserved to channel B. Since it is not, bit 
position 0 in SW register 5 is turned on indicating 
the reservation of this device exclusively to chan­
nel A. 

The System/360 Model 30 issues a seek cylin­
der command to the 2311 module 5. The micro­
program checks the ER register 6 bit to see which 
channel is working with the 2841. In this example 
ER6 is off because only channel B can turn ER6 on. 

The microprogram initiates the transfer of the 
six seek bytes from the CPU to the 2841. The 
microprogram establishes contact with the 2311 
module 5 and transfers the necessary seek informa­
tion to set up CAR, HAR, and the difference counter. 
'Seek start' condition is sent to the 2311 module 5 to 
initiate movement of the access mechanism. 

The seek is now under way and the micro­
program turns on bit position 3 (seek inprogress + 
busy 5 B) in SW register 5. 

Ending status is now presented to channel A 
with the 'channel end' bit on in the status byte. The 
'device end' bit is not turned on, because the seek 
has not been completed. 

Upon completion of the seek operation by the 
2311 module 5, the 'gated attention' latch is turned 
on indicating the seek has been completed. The 'gated' 
attention' and 'poll enable' lines AND to cause 're­
quest in I to be raised to channel A for presentation of 
'device end' status (1450-4). During the selection se­
quence with channel A, the microprogram detects the 
outstanding attention on the 2311 module 5 and enters 
into a routine to determine if the attention is a result 
of a 'power "'On seek', 'pack change', or a previously 
issued 'seek' command, and the microprogram now 
turns on bit position 2 (device end* seek complete + 
busy 5 A) in SW register 5. Bit position 3 (seek in 
progress) is reset in SW register 5, because the 
seek has been completed and the type of 'gated atten­
tion' at the 2311 module 5 has been identified. 
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The 'gated attention' condition is reset in the 
2311 module 5 because a record of that attention 
exists in SW register 5, bit position 2. The' device 
end' condition is now presented to channel A. If the 
channel should respond to the presentation of device 
ending status with 'command out', the 2841 has a 
record of the 'device end' in SW bit position 2. 

5.4.6.3 Microprogram Flow Chart 

The two-channel switch feature requires changes to 
the microprogram. To illustrate the changes, a 
flow chart of a 'reserve' or 'release' command is 
given in Figure 5-34. ~ly the direct path is shown. 
The flow chart assumes that channel B is selecting' 
the 2841 and all modules are ready. There is no 
outstanding status stored, and aU SW registers are 
at zero. 

5.5 RECORD OVERFLOW FEATURE 

• The record overflow feature allows a logical 
record to be more than one track in length. 

The record overflow feature allows a logical record 
to overflow from one track to another. Record 
overflow is useful in achieving a greater data pack­
ing efficiency and in formatting records which ex­
ceed the capacity of a track. The limiting factor in 
the size of a record which can be overflowed is the 
cylinder boundary. 

? 5. 1 Formatting Overflow Records 

The portion of an overflow record which is written 
on one track is called a record segment. Each 
record segment is processed as a normal record 
during format write operations (Figure 5-35). The 
write special CKD CCW (0000 0001) is the command 
used for formatting all segments of an overflow 
record except for the last segment. The last seg­
ment is written by the normal write CKD CCW. 

The write special CKD CCW causes a I-bit to 
be written in bit position one of the flag byte of the 
record segment being written. Otherwise, the write 
special CKD CCW functions just like the normal 
write CKD CCW. Note that a write special CKD 
CCW is not a valid prerequisite for a normal write 
CKD CCW and results in the record flagged as a 
segment of an overflow record being the last record 
on a track. 

When formatting overflow records, all seg­
ments other than the first must be recorded in the 
first record position following the RO record on a 
track. 
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All segments, other than the first segment, are 
normally recorded without a key field, since only the 
key field of the first segment has significance. 

All segments of an overflow record, other than 
the first and the last segments, are the only records 
on the track following the RO record. 

An overflow record may be formatted with a 
sequence of CCW's similar to the following. This 
sequence assumes that a set file mask instruction 
was performed prior to the initiation of the scan 
sequence. 

1. Seek Position access mechanism 
and select head. 

2. Search lD Determine beginning location. 
3. Write Special Write first segment. 

CKD 
4. Seek Head Select next head. 
5. Search HA Locate next record. 

or RO 
6. Write CKD Write last segment. 

Items 3, 4, and 5 are repeated as often as 
needed. 

5.5.2 Processing Overflow Records 

The read-data, read-key and data, read-count-key 
and data, write-data, write-key and data CCW's 
operate on an overflow record as though it were a 
normal record (Figure 5-35). 

The 2841 detects that bit position on in the flag 
byte is a one bit. After completing the read or write 
operation in the first segment, the 2841 causes a 
search for the index point. At index point, the next 
sequential head is selected and. a comparison of 
head number in the home address is done. If the 
comparison is equal, the 2841 searches for the first 
address mark on the track. Then, under control Of 
the data count in the count field, it processes the 
data field of thi:S record segment. This operation 
continues until the 2841 detects a record segment 
which contains a zero bit in bit position one of the 
flag byte .. At the end of this record segment, the 
operation is terminated. 

Only the data fields of aU record segments ex­
cept the first segment are processed when reading 
or writing, i. e., read-CKD reads CKD of the first 
segment and data only of all ather segments. A 
CCW chain which starts operation on a record seg­
ment other than the first segment is processed as 
though it started on the first segment. This type of 
operation may make it desirable to repeat the key 
field in aU record segments if the chain of CCW's 
is dependent on a satisfied search key equal. 



Selection of 2841 
by channel B. No 
status and all drives 
ready. SW registers 
all zero. 

Start of initial 
selection routine. 

QB010 

1450-1 

Transfer the address 
on bus out to the 
DW register. 

Check old device 
address with new 
address{not used 
in this sequence). 

Transfer the 
address byte to 
the OP register. 

1450-3 

Turn on the 
address in FL and 
the operational 
in FL. 

QB040 

Generate the 
bit significant 
dev i ce address 
from the address 
byte. 

Refer to the 2841 
stage 2 FEMDM 
for circuits used. 

Figure 5-34a. Two Channel Switch Flow Chart (Reserve or Release) 

1211 

Select the 2311 
intertace by 
turning on FT 
bit 7. 

Set the dev i ce 
address into the 
UR register to 
select the module. 

No 

QB051 

Turn on ST 2 if 
there is a out­
standing attention. 
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QB052 

Transfer bits 0, 
5, and 6 of the 
selected SW 
register to the 
G L register. 

Turn on bit 6 of 
DR register to be 
used if selected 
to channel A • 

Set the BX 
register to all zeros. 
This is used later- as 
status byte. 

Figure 5-34b. Two Channel Switch Flow Chart (Reserve or Release) 
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Store bits 0, 1, 
and 2 of command 
byte in the BY 
register. 

Store the 
command byte in 
the OP register. 

QD010 

1450-3 

Tum off the 
address in latch. 

Transfer command 
byte from OP to the 
BY register. 



Transfer the device 
address to the G L 
register. 

Q0030 

Set the OP 
register to 17 to 
i ndi cate a contro I 
command'. 

Q0100 

Set the OW 
register to all 
zeros to be used 
as the status byte. 

of file mask. 

No 

1450-3 

Turn on the status 
in latch. 

No 

Yes 

No 

Figure 5-34c. Two ChalUlel Switch Flow Chart (Reserve ar Release) 

No 

No 

No 

Yes 

1450-3 

Turn off the status 
in latch. 

Turn on bits 4, 5, 
and 6 of the OW 
register. 

QE030 

Check OP 
regi ster code for 
control operation. 
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Turn off the 
reserve bit (0 or 4) 
that is an. 

No 

c 

QE050 

Transfer command 
byte to the 0 P 
register. 

QE060 

Update the fj Ie 
mask. 

QE06I 

Set the DR register 
ta all zeros. 

No 

1450-4 

Turn on the 
reserve A bit (0) in 
the selected SW 
register. 

Yes 

From this point on the operation is a 
normal sense command. Transfer sense 
information and end the operation. 

Figure 5-34d. Two Channel Switch Flow Chart (Reserve or Release) 
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Yes 

14.50-4 
Tum on the reserve 
B bit (4) in the 
selected SW register. 



From Read CKD, Read KD, ---- ~.i 
Read 0, Wr KD, Wr 0, ~ ~ 
or Search KD routine. 
Interrupt immediately 
prior to final status 
presentation 

Generate a Scan Data 
command with M/T 
bit internally in 2841 

The Scan data command 
generated is the proper 
type to give the effect 
of a continuous search 
(scan) on the entire 
logical record 

Yes 

Yes 

No 

Generate a Read Data 
command with MIT 
bit internally in ·2841 

Wait for 
Index point 

Switch heads and 
execute command 
generated above 

Figure 5-35. Execution of Commands with Overflow Record Feature 

No 

Yes 

Return to 
call point 

Generate a Write Data 
command with MIT 
bit internally in 2841 

The M/T Write Data is 
not included in the 
channel command set, 
but can be generated 
internally and executed 
within the existing 2841 
structure 
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Search-ID, search-key and read-count cCW's 
operate on each record segment as though each seg­
ment were a normal record. 

5.5.3 Unusual Conditions 

In addition to the checks providedinnormal process­
ing of any record, certain conditions can occur which 
are unique to overflow records. The commands stop 
immediately on detecting the following conditions: 

Overflow To a Bad Track: Overflow incomplete and 
track condition sense bits occur when overflowing .to 
a track which has been flagged as being bad and two 
additional sense bytes, Bytes 4 and 5, are presented 
to the channel. 

1. Byte 4 - This byte is all zeroes. It is a dummy 
byte inserted for control unit compatibility of 
byte 5 with other control units. 

2. Byte 5 - This byte is zero at all times except 
when overflow incomplete occurs (Byte 1, 
Bit 7). When overflow incomplete occurs, this 
byte has one of the following configurations. 

00000110 - A read command was in progress 
when the overflow incomplete inter­
rupt occurred. 

00000101- A non-formatting write command was 
in progress. 

00100101 - A search key-data equal command was 
in progress, and the compare was 
equal to this point. 

01000101- A search key-data high command was 
in progress, and the compare was 
equal to this point. 

01100101- A search key-data high or equal com­
mand was in progress, and the com­
pare was equal to this pOint. 

01010101 - Any search key-data was in progress 
and the compare was low, or a search 
equal key-data was in progress and 
the compare is unequal to this point. 
(i. e. , it has already been determined 
that no status modifier bit would be 
set in the entire logical record.) 

01110101- A search high or high-equal key data 
command was in progress, and the 
compare was high to this point, i.e., 
it has already been determined that a 
status modifier bit would be set in the 
logical record. 

Byte 5 is used by programming systems to resume 
the scan loop ~er seeking to a new track. 

Oyerflow From an Alternate Track: Overflow­
iIicomplete and track-condition-check sense bits are 
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set if an attempt is made to overflow from a track 
flagged as an alterate. 

Overflow to a File Protected Boundary: Attempting 
to overflow in violation of a file mask sets overflow­
incomplete, file-protected, and command,...reject. 

Overflow to a Track with Incorrect Head Number: 
Overflow-incomplete and command-reject sense bits 
are set if the head number compare is unequal during 
an overflow. This condition occurs if the last seek 

. address issued to the 2841 is not the address of the 
track with the overflow record and an overflow 
record is being read or written. 

5.6 CHANNEL ISOLATION FEATURE 

The channel isolation feature allows the 2841 to be 
powered up or down while the system is operating. 

The feature is installed in all new machines, 
and may be installed on field machines, at no cost, 
on an as required basis. 

The feature is identified by the version 007 indi­
cation on the ALD pages and by the different place­
ment of the channel connectors. 

To power down the 2841: 

Caution 
Operating the interface degate switch out of the 
proper sequence can cause CPU problems. 

1. The meter switch(es) is transferred to 
DISABLE. 

2. When all outstanding status has been presented 
to and accepted by the channel(s), the meters 
disabled indicator light comes on. 

3. The interface degate switch is transferred. 
4. The mode switch is changed to CE mode, and 

the power off switch is transferred. 

The circuits for the feature are shown on 
FEMDM 1450-1 through 1450-4. 

On 1450-4 a relay is added in parallel to the se­
lection relay. A point of this relay is grounded when 
the relay is not energized. The relays drop when the 
+6V supply power is dropped or the interface degate 
switch is transferred. The ground on the n/ c point 
deactivates the 'power off gate' line. This blocks 
the 'in tag' lines, and the 'bus in' lines to prevent 
unwanted signals from being sent to the channel as 
the 2841 powers down. 

On 1450-2 the 'select out latch' is added to hold 
the 'select out A(B)' line up until the channel drops 
the 'hold out' line. 

The meters disabled indicator is shown on 
1450-3. The 'meter enabled' latch cannot be turned 
off until the outstanding status has been accepted. 
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Write Key-Data Operation 3-33 
Write Record Zero Operation 3-24,3-25 

Attachment, 2321 
Address Register, Figure of 5-8 
Alpha Gap Bit Configuration 5-20 
Alpha Gap Timing Diagram 5-21 
Beta Gap Bit Configuration 5 -22 
Beta Gap Timing Diagram 5 -23,5 -24 
Data Flow - Basic 2841 and Channel Attachment, 

Figure of 2-4,2-5 
Data Flow, Figure of 5-5 
Device Control Gate, Figure of 5-9 
Differences from Other Devices 

Line Functions 5-18 
Operations 5-15 to 5-18 
Specifications 5-14 

Fail Safe, Figure of 5-13 
Feature Device lnterface, Figure of 5-6 
File Status, Figure of 5-12 
Generallnformation 1-1,5-1 
HA Gap Bit Configuration 5 -20 
HA Gap Timing Diagram 5-21 
Limits on Number of Devices 5-9,5-12 
Operation 5-13 
Restore Command, Flow Chart of 5-25 
Seek Address Addressing 5-1 
Seek Complete Gate, Figure of 5-11 
Serial Address Sequence, Figure of 5-7 

Attention, status Bit 0 3-1 

II 
B Register (See Partial Sum) 2-2 
B Register Restriction 2-34 
Basic Read Data Flow 1-6 
Basic Write Data Flow 1-5 
Beta Gap 

Configuration 
2302 2-49 
2303 5-27 
2311 2-49 
2321 5-22 

Defined, Gap 3 1-14 
Sequence 2-46 
Timing 

2302 2-47,2-48 
2311 2-47,2-48 
2321 5-23,5-24 

Bit Structure of 2841 Operation Codes 1-15 
Bit 44 2-26 
Block-Bit-Ring-Advance Single-8hot 5-14 
BP (Bypass) 2-66 
Branch Control Field Codes 2-85 

Burst Byte and Exit Decisions, Microprogram 3-52 
Bus-ln 

Gates 2-7 
LiD"" 1-17 

Bus-ln Gates (IG Gates) 2-6,2-7 
Bus-ln Lines 1-17 
Bus lnterface Lines 1-16 
Bus Lines 1-16 
Bus-out 

Gates (IH) 2-6 
Lines 1-17 
Parity Sense Bit 3-2 

Bus-Out Gates (IH) 2-6 
Bus -Out Lines 1-17 
Bus-Out Parity 3-2 
Bus-out Parity Sense Bit 3-2 
Busy 

Control Unit 3-1 
Device 3-1 

BX (Code Check Burst) Register 2-2 
BY (Code Check Burst) Register 2-2 
Byte 7 - Key Length (KL) 1-11 
Bytes 8 and 9 - Data Length (DL) 1-11 

C Time 2-33 
CA, CAA, CB and BP Fields: A and B Entry and 

Bypass 2-82 
CA Field 2-67 
Cable Entry 1-2 
Cabling, Device /Channel 1-9 
CAS Microblock 

Described 2-64 
Figure of 2-67 
How to Read 2-72 
Microblock Symbology 

General 2-67 
Line 1 2-68 
Line 2 2-68 
Line 3 2-68 
Line 4 2-68 
Line 5 2-68 
Line 6 2-68 
Line 7 2-68 
Line 8 2-69 

Sample Usage of Microblocks 2-69 to 2-71 
TROS Bit Assignment 

BP 2-66 
CA 2-67 
CB 2-67 
CC 2-64 
CD 2-64 

CH 2-66 
Chart 2-65 
CK 2-67 
CL 2-66 
CN 2-64 
CS 2-66 
CV 2-64 
PA 2-67 
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CAS Microblock (Continued) 
TROS Bit Assignment (Continued) 

PC 2-66 
PN 2-64 
PS 2-66 

CB Field 2-67 
CB Field Restriction with Bypass 2-34,2-72 
CC (Code Check) Bytes 3-6 
CC Field 2-64 
CC Field Decode 

of 000 2-29,2-64 
of 001 2-29 
of 010 2-31 
of 011 2-31 
of 100 2-31 
of 101 2-31 
of 110 2-32 
of 111 2-32 

CD, CDA, CC and CV Fields; Destination and ALU 
Controls 2-83 

CD Field 2-64 
CE Controls 

Indicators 2-63 
Panel 2-61,2-62 
Switches 2-61 

CE Indicators 
Address 2-63 
Control Register 2-63 
Data Check 2-64 
Figure of 2-62 
Machine Stop 2-64 
Probe 2-64 
Sense Amp 2-63 

CE Panel 
CE Indicators 2-63 
CE Switches 2-61 
Figure of 2-62 

CE Switches 
Address Compare 2-63 
Check Reset 2-61 
Check Stop/Run 2-63 
Display 2-61 
Enter 2-61 
Figure of 2-62 
Lamp Test 2-61 
Normal/CE 2-61 
Register Select 2-61 
Reset 2-61 
Set ADDR 2-61 
Single Step 2-63 
Start 2-63 
Start Address 2-63 
Stop 2-63 
Stop Address 2-63 

CH and CL Fields: Branch Control X6 and X7 2-85 
CH Field 2-66 
Chain Command Control 1-24 
Chained Reselection, Microprogram 3-52 
Channel 

Control Register (IG) 2-6 
End Status Bit 3-1 
Interface Attachment 2-50 

X-4 (12/69) 

Channel (Continued) 
Interface Introduction 1-16 
Interface, System/360 1-16 
Isolation Feature 5-56 

Channel and 2841 Interface Polling Interrupt Sequence 2-59 
Channel Command 

2302 5-12 
2303 5-26 

Channel Connection 5-40 
Channel Control Register (IG) 2-6 
Channel End 3-1 
Channel End Status Bit 3-1 
Channel Interface Attachment 

Channel and 2841 Interface Polling Interrupt Sequence 2-59 
Data Flow-Channel A Attachment 2-51 to 2-54 
Data Transfer Sequences 

Circuits Used In 2-53,2-54 
Read Operation 2-55 
Read Timing 2-56 
Write Operation 2-55 
Write Timing 2-57 

Ending Sequence 2-56 
Halt I/O Instruction 2-58 
Initial Selection Sequence 2-50 
Polling Interrupts 

Definition of 2-60 
Described 2-58 
Flow Chart of 2-59 
Routine 2-60 
Stacked Status 2-60 

Service In/Out Timing for Read and Sense Operations 2-56 
Short Control Unit Busy Sequence 

Definition 2-57 
Operation 2-58 

Service In/Out Timing for Write, Search, and Control 
Operation 2-57 

Channel Interface Introduction 1-16 
Channel Interface, System/360 1-16 
Channel Isolation Feature 5-56 
Channel Selection Switch 5-40 
Characteristics and Capacity 2-10 
Check Reset Switch 2-61 
Check Stop/Run Switch 2-63 
Circuit Breakers 4-1 
Circuit Protection Trip or Power Supply Overload­

Power Off Sequence 4-4 
Circuit Protectors 4-1 
CK Field 

and CN5 Bit Used to Set or Reset Bits in FT and 
FC Register 2-76 

Described 2-67 
to IG and W Registers and ST3 Set 2-93 
Transfers to W Reg and CN Field Transfers to 
X Reg 2-77 

Used as a Data Source for ALU 2-78 
to W Register Transfer 2-88 
to W Register Transfer: Timing and TROS 

Fields 2-89 
CL Field 2-66 
Clock 

Described 2-1 
Out Line 1-23 



CN Field 2-64 
Code Check 1-8 
Code Check Bytes (CC) 

Data Record 1-13 

Generation of 1-14 
Home Address Area 1-8 
RO 1-11 

Code Checking 1-14 
Command 

Decodes, Microprogram 3-50 
Flow Charts 3-8,5-51 
Orientation Summary 3-52 
Out-Line 1-20 
Reject Sense Bit 3-2 

Command Decode 3-50 
Command Decodes Microprogram 3-50 
Command Flow Charts 3-8 

Erase Command - 2311 3-44 to 3-47 
Initial Program Load - 2311 3-39,3-40 
Initial Selection 3-9 
Read Count 3-16 
Read Count-Key-Data - 2311 3-17,3-18 
Read Data and Read Key-Data - 2311 3-19,3-20 
Read Home Address - 2311 3-13 
Read Record Zero - 2311 3-14,3-15 
Recalibrate 3-11 
Search Home Address - 2311 3-34 
Search ID Equal - 2311 3-35 , 3 -36 
Search Key Equal - 2311 3-37,3-38 
Seek - 2311 3-10 
Sense I/O 3-42 
Set File Mask - 2311 3-12 
Space Count Command - 2311 3-43 
Test I/O or Start I/O with Device Inoperable or 

Outstanding Status 3-41 
Write Count-Key-Data - 2311 3-26 to 3-28 
Write Data - 2311 3-29 to 3-32 
Write Home Address - 2311 3-21 to 3-23 
Write Key-Data - 2311 3-33 
Write Record Zero - 2311 3-24,3-25 

Command Orientation Summary 3-52,3-53 
Command-Out 1-20 
Command-out Line 1-20 
Command Reject 3-2 
Command Reject Sense Bit 3-2 
Condensed Microprogram Logic 

Burst Byte and Exit Decisions 3-52 
Chained Reselection 3-52 
Command Decode 3-50 
Command Orientation Summary 3-52,3-53 
Condensed Microprogram Logic 3-49 
Control Operations 3-51 
Diagram of 3-49 
End Procedure 3-52 
Flag Byte Processing 3-51 
Gap Spacing Operations 3-52 
General 3-48 
Index Processing 3-51 
Initial Selection 3-48 
Initial Status Presentation 

General 3-50 
Write Immediate 3-50 

Condensed Microprogram Logic (Continued) 
Load Counts 3-50 
Read/Clocking 3-51 
Scan Operations 3-52 
Search Operations 5-51 
Sense Operations 3-51 
Write Operations 3-50 

Condensed Microprogram Logic 3-49 
Condensed Microprogram Logic - 2303 Feature 5-28 
Configuration of 2841 1-1 
Connections to the Module 2-14 
Contactors 4-1 
Contingent Connection 5-45 
Control 

Address Indicator 2-63 
Fields 2-22 
Operations, Microprogram 3-51 
Register Indicator 2-63 
Unit Busy Status Bit 3-1 
Unit End Status Bit 3-1 

Control Cylinder Seek (CCHH) 
Bit Structure of 1-15 

Control Erase 
Bit structure of 1-15 
Flow Chart of 3-44 to 3-47 

Control Fields 2-64 
Control Head Seek (HH) 

Bit Structure of 1-15 
Control Latches 2-26 
Control No Op 

Bit Structure of 1-15 
Control Operations 3-51 
Control Operations, Microprogram 3-51 
Control Recalibrate 

Bit Structure of 1-15 
Flow Chart of 3-11 

Control Register Indicator 2-63 
Control Restore 

Bit Structure of 1-15 
Control Seek (BBCCHH) 

Addressing Scheme 5-1 
Bit structure of 1-15 
Flow Chart of 3-10 

Control Set File Mask 
Bit Structure of 1-15 
Command Reject 3-2,3-8 
File Mask Bit, Significance 3-8 
Flow Chart of 3-12 
Invalid Sequence 3-3,3-8 

. Reset 3-8 
Restrictions 3-8 
Selective Reset 3-8 
System Reset 3-8 
Unit Check 3-8 
Unit Check Signal 3-8 
Within A CCW 3-8 

Control Space Count 
Bit Structure of 1-15 
Flow Chart of 3-43 

Control Unit Busy 3-1 
Control Unit Busy status Bit 3-1 
Control Unit End 3-1 
Control Unit End Status Bit 3-1 
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Core Carrier Assembly 2-12,2-14 
Count Area 

Data Check In 3-3 
Data Record 1-13 
RO 1-9,1-11 

Count Field (See Count Area) 
CS Field 2-66 
CS Field: Status Control 2-84 
CV Field 2-64 
Cyclic Check Code 1-14 
Cyclic Code Check - Bytes 10 and 11 1-13 
Cyclic Code Checking 1-14 
Cylinder 1-8 
Cylinder - Bytes 2 and 3 1-13 
Cylinder Selection 1-13 

m 
D (Data) 3-7 
D Time 2-32 
Data (D) 

Area 1-13,1-14 
Check in Count Field Sense Bit 3-3 
Check Sense Bit 3-3 
Described 3-7 
Indicator 2-64 
Read Register 2-3 
Record 1-13 
RO 1-13 
Track Format 1-12 
Transfer Sequence 2-55 

Data Check 3-2 
Data Check in Count Field 3-3 
Data Check in Count Field Sense Bit 3-3 
Data Check Indicator 2-64 
Data Check Sense Bit 3-2 
Data Flow 

Basic Read 1-6 
Basic Write 1-5 
Basic 2841 and Channel Attachment, Figure of 2-4,5-2 
Channel A Attachment 2-51 to 2-54 
Basic Read 1-6 
Basic Write 1-5 
2311 Attachment 2-8 
2841 Channel A Attachment 2-52 

Data Indicator 2-62 
Data Length (DL) 

Described 3-6 
Bytes 8 and 9 1-13 

. Data Read Register (DR) 2-3 
Data Record 

Address Mark 1-13 
Alpha Gap Bit Configurations 2-44 
Alpha Gap Timing Diagram 2-45 
Beta Gap Bit Configuration 2-49 
Beta Gap Timing Diagram 2-47,2-48 
Beta Sequence 2-46 
Count Area 

Cyclic Code Check - Bytes 10 and 11 1-13 
Cylinder - Bytes 2 and 3 1-13 
Data Length - Bytes 8 and 9 1-13 
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Data Record (Continued) 
Count Area (Continued) 

Flag - Byte 1 1-13 
Head - Bytes 4 and 5 1-13 
Key Length - Byte 7 1-13 
Record Number - Byte 6 1-13 

Data Area 1-14 
Gap 3 1-14 
HA or Alpha Sequence 2-40 
Key Area 1-14 

Data Track Format 1-12 
Data Transfer Sequences 2-55 
Data Transfers 1-16,1-26 
Decoding the Address Register 2-16 
Defective 

Surface, Operation 3-6 
Track Sense Bit 3-2 

Defective Track 
Sense Bit 3-2 
2303 5-26 
2321 5-13 

Delay Lines, Adjustable 2-39 
Destination and ALU Control Field Codes 2-83 
Determining A or B Word 2-19 
Determining Tape Number 2-18 
Device 

Attachment Limits 5-9 
Busy 3-1 
Control Gate 5-9 
End Status Bit 3-1 
Interfaces 1-5 

DH (Data Length High) Register 2-2 
Differences in Device Operations 5-15 to 5-18 
Differences in Device Specifications 5-14 
Dimensions 1-2 
Diode Boards on Tape Modules 2-20 
Diode SUbstrate 2-16 
Display Switch 2-61 
DL (Data Length Low) Register 2-2 
DL (Data Length) 3-6 
DNST2 2-96 
DNST21 and ST3 Reset Using the CK Field 2-97 
DR Register (Data Read) 2-3 
Drive Commoning 2-16 
Driver Decode 2-24 
Driver Decoding 2-16 
Driver Isolation 2-21 
DW (Data Write) Register 2-2 

II 
Emergency Power Off, Power Off Sequence 4-4 
End 

of Cylinder Sense Bit 3-3 
of File 3-6 
Operation 1-26 
Procedure 3-52 

End-Df-Cylinder 3-3 
End of Cylinder Sense Bit 3-3 
End-of-File 3-6 
End-of-File Operation 3-6 
End Operation 1-26 



End Procedure 3-52 
Ending Sequence 2-56 
Enter Switch 2-61 
Environmental Conditions 1-3 
EPO (Emergency Power Off) 4-4 
Equipment Check 3-2 
Equipment Check Sense Bit 3-2 
ER (Error) Register 2-6 
Erase Command - 2311 3-44 to 3-47 
Error 

Detection 1-14 
Detector 2-39 
Register 2-6 

Error Detection 1-14 
Cyclic Code Checking 1-14 

Error Detector 2-39 
Error Register (ER) 2-6 
Examples of TROS Addressing and Microblock Arithmetic 
Symbols 2-81 

Execution of Commands with Overflow Record Feature 5-55 
Expansion of Search/Scan Data Compare Loop 5-41 

II 
F Flag Byte 3-6 
Fail Safe 5-13 
FC (File Control) Register 2-7 
FC Register Bits (File Control) 

Address Register 5-8 
Conditions for Set/Reset 2-76 
Device Control Gate 5-9 
Differences in Device Operations 5-15 to 5-18 
Fail Safe 5-13 
Feature Device Interface 5-6 
File Status 5-12 
Microprogram FC Reset Example 2-94 
Microprogram FT Set Example 2-100 
Module Select Gate 5-10 
Reset, Block-File-Interface 2.:..35 
Seek Complete Gate 5-11 
SERDES Read Circuits, 2311 2-42,2-43 
SERDES Write Circuits, 2311 2-36,2-37 
Serial Address Sequence 5-7 
Use of CN5 

Described 2-64,2-69 
In Leg Selector 2-74,2-76 
Set Example 2-100,2-101 
Reset Example 2-94 
Define Device Operations 2-7 

2302 4 - FT Statement 5-12 
2302, 2303, Figure of 5-4 
2311 

Described 2-7 
Figure of 2-8,2-9 

2321, Figure of 5-5 
FC Register Reset, ST6 Reset and 4-Way Branch (X6 and 
X7) 2-94 

Feature Device Attachment 5-1,5-9 
Feature Device Interface 5-6 
Feature Interface 5-1 
Feature, Additional Storage 5-39 
Feature, File Scan 5-40 

Feature, Record Overflow 5-50 
Feature, Two-Channel Switch 5-40 
Features 

Additional Storage 5-39 
Address Register 5-8 
Beta Gap Bit Configuration - 2303 5-27 
Beta Gap Bit Configuration - 2321 5-22 
Beta Gap Timing Diagram -.2321 5-23,5-24 
Channel Isolation 5-56 
Condensed Microprogram Logic - 2303 Feature 5-28 
Device Attachment Limits 5-9 
Device Control Gate 5-9 
Differences in Device Operations 5-15 to 5-18 
Differences in Device Specifications 5-14 
Execution of Commands with Overflow Record 

Feature 5-55 
Expansion of Search/Scan Data Compare Loop 5-41 
Fail Safe 5-13 
Feature Device Interface 5-6 
File Scan 5-40 
File Status 5-12 
HA or Alpha Gap Bit Configuration 

2302 5-19 
2303 5-26 
2321 5-20 

HA or Alpha Gap Timing Diagram - 2321 5-21 
Module Select Gate 5-10 
Record Overflow 5-50 
Restore Command - 2321 5-25 
Search/Scan Key and Data Equal 5-42,5-43 
Seek Address Addressing 5-1 
Seek Complete Gate 5-11 
Serial Address Sequence 5-7 
Two Channel Switch Feature 

Addressing 5-45 
Circuit Description 5-46 
Command Examples 5-48 
Configuration 5-49 
Data Flow 5-40 
Device Release Command 5-45 
Device Res~rve.Command 5-45 
Device status 5-45 
Flow Chart 5-51 to 5-54 
Interface Timing 5-45 
Power Control 5-46 
System Reset 5-45 
Use Meter 5-45 

2302 Models 3 and 4, 2321 and 2303 Attachment 
Device Attachment Limits 5-9 
General 5-1 
2302 Operations 5-12 
2303 Operation 5-26 

2302-2303 Attachment Data Flow 5-4 
2303 Burst Circuit 5-36,5-37 
2303 Clock Phase Timing 5-29 
2303 sID - Read Data Circuits 5-34,5-35 
2303 sID - Read Timing 5-38 
2303 sID - Write Data Circuits 5-30,5-31 
2303 sID - Write Timing 5-33 
2321 Attachment Data Flow 5-5 

Field, TROS 
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Field, TROS (Continued) 
BP 2-25 
CA 2-25 
CB 2-25 
CC 2-25 
CD 2-22 
CH 2-25 
CK 2-25 
CL 2-25 
CN 2-22 
CS 2.,.25 
CV 2-22 
PA 2-26 
PC 2-25 
PN 2-22 
PS 2-25 

File 
Control Register 2-7 
Protected Sense Bit 3-4 
Protection Operation 3-8 
Scan Feature 5-40 
Status Gates 2-9 
Tag Register 2-7 

File Control (FC) Register 2-7 
File Protected 3-4 
File Protected Sense Bit 3-4 
File Protection 3-8 
File Protection Operation 3-8 
File Scan 1-2 
File Scan Feature 

Described 5-40 
File Scan Feature 5-40 
General Information 1-2 

File Status 5-12 
File Status (FS) Gates 2-9 
File Tag (FT) Register 2-7 
Flag 

Bits Described 1-9,1-8 
Byte (F) Described 3-6 
Byte 1 Described 1-9,1-13 
Byte Processing, Microprogram 3-51 

Flagging 1-9 
Format, Bytes 7-9 1-9 
Format, Track 1-7 
Formatting Overflow Records 5-50 
FR (Flag) Register 2-2 
Front View of 2841 1-4 
FS (File Status) Gates 2-9 
FT (File Tag) Register 2-7 
FT (File Tag) Register Bits 

Additional Storage 5-39 
Address Register 5-8 
Bit 0 

SERDES Read Circuits, 2311 2-42 
SERDES Write Circuits, 2311 2-36,2-37 

Bit 2 
2303 5-26 
2321 5-13 

Bit 4, 2302 5-12 
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FT (File Tag) Register Bits (Continued) 
Bit 5 

Select Feature Interface 3-48 
2302 2-9,5-12 

Bit 6 
Select F~ature Interface 3-48 
2302 5-12 
2303 2-9,5-26 
2321 2-9,5-13 

Bit 7 
Additional Storage Features 5-39 
Select 2311 Interface 3-48 
2311 2-9 

Conditions for Set/Reset 2-76 
Device Control Gate 5-9 
Differences in Device Operations 5-15 to 5-18 
Fail Safe 5 -13 
Feature Device Interface 5-6 
File Status 5-12 
Function of 2-10 
Microprogram FC Reset Example 2-94 
Microprogram FT Set Example 2-100 
Module Select Gate 5-10 
Reset, Block-File-Interface 2-35 
Seek Complete Gate 5-11 
Serial Address Sequence 5-7 
Use of CN5 Bit 

Described 2-64,2-69 
In Leg Selector 2-74,2-76 
Set Example 2-100,2-101 
Reset Example 2-94 

Used to Define Device Operations 2-7 
2302 Selected 5-12 
2302, 2303, Figure of 5-4 
2311 

Described 2-7 
Figure of 2-8,2-9 

2321 
Figure of 5-5 
Selected 5-13 

Functional 
Data Flow 1-11 
Description 

Arithmetic/Logical Unit 1-4 
Basic Read Data Flow 1-6 
and Basic Timing 2-32 
Basic Write Data Flow 1-5 
Device Interfaces 1-5 
Functional Data Flow 1-11 
General Purpose Registers 1-5 
Serializer /Deserializer Unit 1-4 
System/360 Channel Interface 1-4 
Transformer Read-Only-Storage 1-5 

Units 2-1 
Functional Units 2-1 

ALU Basic Timing 2-33 
ALU Block Diagram and Control 2-30 
Arithmetic/Logical Unit (ALU) 2-28 
Beta Gap Bit Configuration - 2311-2302 2-49 



Functional Units 2-1 (Continued) 
Beta Gap Timing Diagram 2-47,2-48 
CAS Microblock 2-64 , 2-67 
CE Panel 2-61,2-62 
Channel and 2841 Interface Polling Interrupt 

Sequence 2-59 
Channel Interface Attachment 2-50 
Core Carrier Assembly 2-14 
Data Flow - Basic 2841 and Channel Attachment, 

Figure of 2-4,2-5 
Data Flow - 2311 Attachment 2-8 
Diode Boards on Tape Modules 2-20 
Driver Decode 2-24 
FT or FC Register, Figure of 2-8 
Gate Decode 2-23 
General Arrangement of TROS Hardware - TROS 1 2-27 
HA and Alpha Gap Bit Configuration 2311 2-44 
HA or Alpha Gap Timing Diagram 2-45 
Laminar Bus 2-15 
Machine Clock 2-1 
Machine Clock Timing 2-3 
Module End Board Showing FDD Substrates 2-21 
Principle of Driving and Gating 2-19 
Principle of TROS 2-11 
Registers 2-1 
Resistance Tape 2-18 
Sample Usage of Microblocks 2-70,2-71 
SERDES Read Circuits 2-42,2-43 
SERDES Write Circuits 2-36,2-37 
SERDES Write Timing Chart 2-38 
Serializer /Deserializer Unit 2 -34 
Service In/Out Timing for Read and Sense 

Operations 2-56 
Service In/Out Timing for Write, Search, and Control 

Operation 2 -5 7 
Tape Stagger 2 -16 
Tape with U and I Core 2-11 
Transformer Read Only Storage (TROS) 

Address Decode 2-22 
Bit Assignment Chart 2-65 
Description of 2-9 
Logic Layout 2-25 
Module 2-13 
Tape Deck 2-19 
Tape Identification 2-18 
Tape Section 2-12 
Timing 2-26 

Variable Frequency Oscillator Circuit Operation 2-40 
VFO Circuits Timing Chart 2-41 
2311 Interface Attachment 2-7 
2841 Machine Clock 2-2 

m 
G (Gap)(See Gap) 
Gap (G) 

Described 3-6 
Purpose of 2-35 
Sensor 2-39 
Spacing, Microprogram 3-52 

Gap Bit Configurations 
Defined 

Alpha Gap 1-14 
Beta Gap 1-14 

Gap Bit Configurations (Continued) 
Defined (Continued) 

Gap 1 
Gap 2 
Gap 3 1-14 
HA Gap 1-14 

2302 
Alpha 5-19 
HA 5-19 

2303 
Alpha 5-26 
Beta 5-27 
HA 5-26 

2311 
Alpha 2-44 
Alpha 2-45 
HA 2-44 , 2-45 

2321 
Alpha 5-20 
Beta 5-22 
HA 5-20 

Gap Sensor 2-39 
Gap Size and Byte Contents 1-14 

Alpha 
Figure of 2-44 
2302 5-19 
2303 5-26 
2311 2-44 
2311 Alpha 2-40 
2311 HA 2-40 
2321 5-20,5-21 

Beta 
Figure of 2-49 
2302 2-49 
2303 5-27 
2311 2-49 

Described 
2302 5-12 
2303 5-29 
2311 1-14 
2321 5-13 

Figure of 2311 2-44 
HA 

Figure of 2-44 
2302 5-19 
2303 5-26 
2311 2-44 
2321 5-20,5-21 

Gap Spacing Operations 3-52 
Gap Spacing, Microprogram 3-52 
Gate 

A and CE Panel 1-6 
A, View 1-6 
Commoning 2-16 
Decode 2-23 
Decoding 2-17,2-80 
Generator 2-39 

General Arrangement of TROS Hardware - TROS 1 2-27 
General Description 2-34 
General Information 

Additional Storage 1-2 
File Scan 1-2 
Record Overflow 1-2 
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General Information (Continued) 
Storage Control Unit Configuration, Figure of 1-1 
Two-Channel Switch 1-2 
2302 Attachment 1-1 
2303 Attachment 1-1 
2311 Attachment 1-1 
2321 Attachment 1-1 

General Power SUpply Description 
Marginal Checking 4-4 
Power Distribution 4-4 
Power Inter locks 4-4 
Power SUpply Components 4-1 
Thermal Considerations 4-4 

General Purpose Registers 1-5 
General Reset 2-60 
GL (Gap Length) Register 2-2 
GP (General Purpose) Register 2-2 

m 
HA and Alpha Gap Bit Configurations 2311 2-44 
HA Area (Home Address) 

Configuration 
2302 5-19 
2303 5-26 
23n 2-44 
2321 5-20 

Data Bytes, 2311 
Code Check 1-8 
Cylinder 1-8 
Figure of 1-12 
Flag 1-8 
Head 1-8 

Defined 
Gap 1 1-14 
2311 1-7 

Read HA 5-32 
Sequence for 2-40,2-46 
Timing; 2321 5-21 
Write HA 5-32 
2302 5-12 
2303 Read Operation 5-32 
2303 Write Operation 5-29 
2321 5-13 

HA or Alpha Gap Bit Configuration - 2302 5-19 
HA or Alpha Gap Bit Configuration - 2303 i)-26 
HA or Alpha Gap Bit Configuration - 2321 5-20 
HA or Alpha Gap Sequence 2-40 
HA or Alpha Gap Timing Diagram 2-45 
HA or Alpha Gap Timing Diagram - 2321 5-21 
Halt I/O 2-58 
Head 1-8 
Head - Bytes 4 and 5 1-13 
Head Selection 1-13 
Hold-Out 1-19 
Hold-Out Line 1-19 
Home Address 1-8 

(See Also HA Area) 
Home Address Area 1-8 

(See Also HA Area) 

D 
I/O Connector 

Additional Storage 5-39 

X-lO (12/69) 

I/o Connector (Continued) 
2302 Requirements 5-12 

I/O Interface, system/360 1-16 
ID (ld('lntifier) 3-6 
Identifier (ID) 

Described 3-6 
Bytes 2-6 1-9 

Identification of TROS Tapes 2-14 
IE (Input Element) Gates 2-9 
IG Gates (Bus In) 2-7 
IG Register (Channel Control) 2-6 
Immediate Commands 3-2 
Inbound Tag Lines 1-21 
Index 

IPL 3-8 
Marker 1-7 
No Record Found 3-3 
Processing, Microprogram 3-51 

Index Marker 1-7 
Index Processing 3-51 
Indicators (See CE Indicators) 
Inhibit All Seek Commands 3-8 
Inhibit All Write Commands 3-8 
Inhibit Write 3-8 
Inhibit Write Home Address 3-8 
Inhibit Write Home Address and Write RO 3-8 
Initial 

Program Load (IPL) Operation 3-8 
Selection Sequence 1-24,2-50 
Selection, Microprogram 3-9 
Status Presentation, Microprogram 3-50 

Initial Program Load (IPL) - 2311 3-39 
Initial Program Load (IPL) 3-8 
Initial Program Load Operation 3-8 
Initial Selection 

Described 3-48,3-50 
Flow Chart of 3-9 

Initial Selection Sequence 1-24,2-50 
Initial Selection, Microprogram 3-9 
Initial Status Presentation 

General 3.50 
Write Immediate 3-50 

Input Element (IE) Gates 2-9 
Interface 

Attachment 2-7 
Connections 1-17 
Lines 1-16. 
Operations 1-24 
Timing, Two Channel Switch 5-45 

Interface Lines 
Bus-In 1-16 
Bus Lines 1-17 
Bus-Out 1-17 
Figure of 1-16 
Inbound Tag Lines 

Address-In 1-21 
Service-In 1-22,1-23 
Status-In 1-21 

Interface Connections 1-17 
Interlock Lines 1-22 
Outbound Tag Lines 

Address-Out 1-19 
Command-Out 1-20 



Interface Lines (Continued) 
Outbound Tag Lines (Continued) 

Service-Out 1-20 
Scan Controls 

TT_ t _, ,, __ -' ........... 
nUJ.U-VUL .1.-J..V 

Request-In 1-18 
Select-In 1-18 
Select-Out 1-18 

Special Controls 
Clock-Out 1-23 
Metering-In 1-23 
Metering-Out 1-23 
Suppress-Out 1-24 

Interface Operations 
Data Transfers 1-26 
End Oper"ation 1-26 
Initial Selection Sequence 1-24 

Interface Selection Statements 
Feature Interface 

2 - FT or 4 - FT Statement 5-1 
2 - FT Statement 5-13 
2302 Selected 5-12 
2321 Selected 5-13 
4-FT 5-1,5-12 

2311 Interface (1 - FT) 5-1 
Interface Timing Exception 5-45 
Interface Timing, Two Channel Switch 5-45 
Interlock Lines 1-22 
Interrupting the Drive Lines 2-11 
Intervention Required 3-2 
Intervention Required Sense Bit 3-2 
Introduction to Microblock Line Functions 2-72B 
Introduction to Microblock TROS Tape Fields 2-73 
Introduction to 2841 

Channel Interface Introduction 1-16 
Functional Description 1-4 
General Information 1-1 
Interface Lines 1-16 
Interface Operations 1-24 
Programming, 2841 1-15 
System/360 I/O Interface 1-16 
Track Format 1-7 

Invalid Sequence 3-3 
Invalid Sequence Sense Bit 3-3 
IPL (Initial Program Load) 

Described 3-8 
Flow Chart of 3-39,3-40 
System Reset 3-8 

Isolating Non-Selected Drivers 2-21 
Isolation 

Feature, Channel 5-56 
Of Drivers 2-21 

Isolation of Drivers 2-21 

II 
K (Key) 3-7 
Key (K) 

Described 3-7 
Area 1-13,1-14 
Length (KL) 

Described 3-6 
Byte 7 1-13 

KL (Key Length) 3-6 

KL (Key Length) Register 2-2 

II 
Laminar Bus 2-14,2-15 
Lamps (See CE Indicators) 
Lamp Test Switch 2-61 
Left Side View of 2841 TROS Unit 1-8 
Lights (See CE Indicators) 
Line Functions Not in the 2311 5-18 
Load Counts 3-50 
Load Counts, Microprogram 3-50 
Location of Address Data for the Microblock 2-74 
Location of TROS Fields Data in CAS Microblocks 2-87 
Location of TROS Fields for a Typical Microblock 

Example 2-75 

II 
M/T (Multiple Track) Operation 3-5 
Machine 

Clock 2-1 
Probe Indicator 2-64 
Stop Indicator 2-64 

Machine Clock 
Described 2-1 
Figure of 2- 3 
Timing Chart of 2-3 

Machine Clock Timing 2-3 
Machine Probe Indicator 2-64 
Machine Stop Indicator 2-64 
Marginal Checking 4-4 
Metering-In 1-23 
Metering-In Bus 1-23 
Metering-Out 1-23 
Microblock Symbology 

Line 1 2-68 
Line 2 2-68 
Line 3 2-68 
Line 4 2-68 
Line 5 2-68 
Line 6 2-68 
Line 7 2-68 
Line 8 2-69 

Microblocks, Sample Usage 2-69 
Microprogram Logic, Condensed 3-48 
Miscellaneous Operations 

Defective Surfaces 
CC (Code Check) Bytes 3-6 
D (Data) 3-7 
DL (Data Length) 3-6 
F (Flag) Byte 3-6 
G (Gap) 3-6 
ID Identifier 3-6 
K (Key) 3-7 
KL (Key Length) 3-6 
Track Descriptor Record (RO) 3-6 

End-of-File 3-6 
File Protection 

Command Reject 3-8 
File Mask Bit, Significance 3-8 
Flow Chart of 3-12 
Invalid 3-8 
Restrictions 3-8 
Unit Check Signal 3-8 

2841 Stage 2 FETO (12/69) X-II 



Miscellaneous Operation (Continued 
Initial Program Load (IPL) 3-8 
Multiple Track (M/T) Operation 3-5 

Miscellaneous Registers and Controls 2-'6 
Missing Address 3-4 
Missing Address Marker Sense Bit 3-4 
Module 

Assembly 2-12 
End Boards 2-16 
Select Gates 2-7 

Module Assembly 2-12 
Module End Board Showing FDD Substrates 2-21 
Module End Boards 2-16 
Module Physical Construction 2-11 
Module Select Gate, Feature Devices 5-10 
Module Select (MS) Gates 2-8 
Module Select Number 

Additional Storage 5-39 
2302 Requirements 5-12 

Module 0 Address Scan 2-90 
Module 0 Address Scan Timing and TROS Fields 2-91 
MS (Module Select) Gates 2-7 
Multiple Track (M/T) Operation 3-5 
Multiplex Cable, 2302 Requirements for 5-12 

m 
No Record Found 3-3 
No Record Found Sense Bit 3-3 
Normal/CE Switch 2-61 
Numbering of TROS Tapes 2-14,2-18 

m 
OA (Old Address) Gates 2-9 
Old Address (OA) Gates 2-9 
OP (Operation Code) Register 2-2 
OP Code Bit Structure 1-15 
Operation Codes, Bit Structure of 2841 1-15 
Operations, Differences in 5-15 to 5-18 
Operational-In Line 1-22 
Operational-Out Line 1-22 
Operator's Position 1-3 
Optional Attachment 

2302 1-1,5-1 
2303 1-1,5-1 
2321 1-1,5-1 

Oscillators \ 
2.5 mc (MHz) 5-13 
2321 Operation 5-13 
875 kc (kHz) 5-13 

Outbound Tag Lines 1-19,1-21 
Overflow 

Incomplete Sense Bit 3-4 
Record Formatting 5-50 
Record Processing 5-50 

OVerflow Records 
Formatting 5-50 
Overflow From an Alternate Track 5-56 
OVerflow to a Bad Track 5-56 
O"erflow to a File Protected Boundary 5-56 
Overflow to a Track with Incorrect Head Number 5-56 
Processing 5-50 
RO 3-6 

X-12 (12/69) 

OVerflow Records (Continued) 
Sense Bytes 5-56 
Unusual Conditions 5-56 

OVerrun 3-2 
Overrun Sense Bit 3-2 

PA Field 2-67 
Partial Sum Register (B) 2-2 

Restriction 2-34 
PC Field 2-66 
Permit All Seek and Restore Commands 3-8 
Permit All Write Commands 3-8 
Permit Seek CCHH and Seek HH CCW's 3-8 
Permit Seek HH CCW 3-8 
Physical Description 2841 

Cable Entry 1-2 
Dimensions 1-2 
Environmental Conditions 1-3 
Front View of 2841 1-4 
Gate A and CE Panel 1-6 
Left Side View of 2841 TROS Unit 1-8 
Operator's Position 1-3 
Power Control 1-3 
Power Requirements 1-2 
Power Sequencing Panel Area 1-10 
Rear View of 2841 1-3 
Right Side View of 2841 1-5 
Right Side View of 2841 TROS Unit 1-7 
Top View of 2841 1-2 
2841 DeVice/Channel Cabling 1-9 

Plastic Tapes 2-11 
PN Field 2 -64 
Polling 

Defined 1-26,2-60 
Interrupt Routine 2-60 
Interrupts 2-58,2-60 

Polling Interrupts 2-58,2-60 
Power 

Control, General 1-3 
Control, Two Channel Switch 5-46 
Distribution 4-4 
Interlocks 4-4 
Requirements 1-2 
Sequencing 4-2 
Sequencing Panel 1-10 
Supply 4-1 
Supply Components 4-1 
Supply Marginal Checking 4-4 
Supply Thermal Considerations 4-4 

PoWer Control 1-3 
Power Control, TWo Channel Switch 5-46 
Power Distribution 4-4 
Power Interlocks 4-4 
Power Off Sequence 4-3 
Power Off Sequence - Emergency Power Off 4-4 
Power On Sequence 4-2 
Power Requirements 1-2 
Power Sequencing 4-2 
Power Sequencing Panel 1-10 
Power Supplies and Sequencing 

General Power Supply Description 4-1 
Marginal Checking 4-4 



Power Supplies and Sequencing (Continued) 
General Power Supply Description (Continued) 

Power Distribution 4-4 
Power Interlocks 4-4 
n ............... _ CI ............. I ...... ........... _ .......... _ .... _L_ " ... 
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Thermal Considerations 4-4 
Power Off Sequence 4-3 
Power Off Sequence - Emergency Power Off 4-4 
Power On Sequence 4-2 

Power Supply 4-1 
Power Supply Components 4-1 
Power Supply Marginal Checking 4-4 
Power Supply Thermal Considerations 4-4 
Principle of Driving and Gating 2-19 
Principle of TROS 2-11 
Principles of Operation 2-10 
Probe Indicator 2-64 
Processing OVerflow Records 5-50 
Programming 1-15 
Programming, 2841 1-15 
PS Field 2-66 
Power Off Sequence - Power Supply OVerload or Circuit 

Protect Trip 4-4 
Power Supply OVerload or Circuit Protect Trip, Power 

Off Sequence 4-4 

II 
Raising the Control Tag (FTO Bit) 2-101 
Ramp Generator 2-39 
Ramp Generator and VFO Trigger 2-39 
Read/Clocking, Microprogram 3-51 
Read Count 

Bit Structure of 1-15 
Flow Chart of 3-16 

Read Count-Key-Data 
Bit Structure of 1-15 
Flow Chart of 3-17,3-18 

Read Data 
Bit Structure of 1-15 
Flow Chart of 3-19,3-20 

Read Data and Read Key-Data - 2311 3-19,3-20 
Read Gate 2-34 
Read Home Address 

Bit Structure of 1-15 
Flow Chart of 3-13 

Read Home Address - 2311 3-13 
Read Initial Program Load (IPL) 

Bit Structure of 1-15 
Described 3-8 
System Reset 3-8 

Read Key, Data 
Bit Structure of 1-15 
Flow Chart of 3-19,3-20 

Read Operation 2-35 
Read Operation, Channel Interface 2-55 
Read Record Zero - 2311 3-14,3-15 
Read RO 

Bit Structure of 1-15 
Described 3-6 
Flow Chart of 3-14,3-15 

Reading Microprograms (CAS Logic) 
A and B Entry and Bypass Field 2-82 
A Bus to X Register Transfer 2-99 

Reading Microprograms (CAS Logic) (Continued) 
A Register to X Register 2-79 
ALU Bypass, ST3 Reset and X7 Branch 2-92 
ANDing the IS Register and CK Field 2-98 

CK Field and CN5 Bit Used With the FC and FT 
Registers 2-76 

CK Field as a Data Source 2-78 
CK Field to IG and W Registers and ST3 Set 2-93 
CK Field to W Register and CN Field to X Register 2-77 
CK to W Register Transfer 2-88,2-89 
D=O Statement 2-103 
Described 2-72 
Destination and ALW Control Field 2-83 
DNST21 2-96 
DNST21 and ST Reset with CK Field 2-97 
FC Register Reset 2-94 
Forcing the D Bus to FF to Enable Setting ST2 2-96 
FTO Bit 2-101 
FT2 Bit 2-100 
Introduction to Microblock Line Functions 2-72B 
Introduction to Microblock TROS Tape Fields 2-73 
Location of Address Data for the Microblock 2-74 
Location of TROS Field Data in CAS Microblock 2-87 
Location of TROS Fields for a Typical Microblock 

Example 2-75 
Microblock Arithmetic Symbols 2-81 
Module 0 Address Scan 2-90,2-91 
Raising the Control Tag 2-101 
Selecting 2321 or 2303 Interface 2-100 
Status Control Field 2-84 
ST3 (Carry) Reset, ST7 Set and X7 Branch 2-95 
ST6 Reset 2-94 
Synchronizing 2841 Operations to Command OUt 2-102 
Timing a Delay with the BX Register 2-103 
TROS Addressing 2-80,2-81 
4-Way Branch 2-94 

Rear View of 2841 1-3 
Recalibrate 2311 3-11 
Record 

Number 1-13 
OVerflow Feature 5-50 

Record Number - Byte 6 1-13 
Record Overflow 1-2 
Record OVerflow Feature 

Described 5-50 
Execution of Commands with Overflow Record 

Feature 5-55 
Formatting Overflow Records 5-50 
General Information 1-2 
Processing Overflow Records 5-50 
Unusual Conditions 5-56 

Register Select Switch 2-61 
Registers 

A Register 2-2 
B Register (Partial Sum) 2-2 
Controls, Miscellaneous 2-6 
Data Flow - Basic 2841 and Channel Attachment. 

Figure of 2-4 , 2-5 
DR Register (Data Read) 2-3 
ER (Error) Register 2-6 
General Purpose 

Bus In (IG) Gates 2-7 
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Registers (Continued) 
General Purpose (Continued) 

Bus Out Gates 2-6 
BX (Code Check Burst) Register 2-2 
BY (Code Check Burst) Register 2-2 
Channel Control Register (IG) 2-6 
DH (Data Length High) Register 2-2 
DL (Data Length Low) Register 2-2 
DW (Data Write) Register 2-2 
FR (Flag) Register 2-2 
General Information 1-5,2-1 
GL (Gap Length) Register 2-2 
GP (General Purpose) Register 2 ... 2 
KL (Key Length) Register 2-2 
OP (Operation Code) Register 2-2 
Service In/Out Controls 2-6 
TROS Addressing Registers 2-6 
UR (Unit Address) Register 2-2 

Miscellaneous Registers and Controls 2-6 
Partial Sum (B) Register 2-2 
ST Register (Status) 2-3 
SW 5-46,5-49 

Registers and Controls, Miscellaneous 2-6 
Registers, General Purpose 1-5,2-1 
Request-In 1-18 
Request-In Line 1-18 
Reserved 

Bit Structure of 1-15 
Described 3-4 

Reset 
General 2-60 
Selective 2-60 
Switch 2-61 

Reset Switch 2-61 
Reset, Selective 2-60 
Resistance Tape 

Descdption 2-15 
Figure of 2-18 

Resistance Tape and Insulating Tape 2-15 
Restart Conditions 2-50 
Restore Command 

Defined 5-14 
Flow Chart of 5-25 
2303 5-26 
2321 5-13 

Restore Command - 2321 5-25 
Right Side View of 2841 1-5 
Right Side View of 2841 TROS Unit 1-7 
ROS Word Bit 2 .. 34 
RO (Track Descriptor Record) 

Alpha Gap Bit Configurations 2-44 
Alpha Gap Timing Diagram 2-45 
Alternate Track Address In 3-6 
Beta Gap Bit Configuration 2-49 
Beta Gap Timing Diagram 2-47,2-48 
Beta Sequence 2-46 
Count Area 

Byte 7 - Key Length (KL) 1-11 
Bytes 8 and 9 - Data Length (DL) 1-11 
Flag, Byte 1 1-9 
Identifier (ID), Bytes 2-6 1-9 

Data Area 1-13 
Defective Surfaces 3-6 

X-14 (12/69) 

RO (Track Descriptor Record) (Continued) 
Described 3-6 
Flag (F) Byte 3-6 
Flagging 1-9 
Format, Bytes 7-9 1-9 
Gap 2 1-14 
HA or Alpha Sequence 2-40 
Key Area 1-13 
Track Condition Bits 3-6 
Track Descriptor Record (RO) 3-6 

RO - Inhibit Write Count, Key, and Data 3-8 

II 
SID (See Serializer /Deserializer) 
Sample Usage of Microblocks 2-69 to 2-71 
SC (Seek Complete) Gates 2-9 
Scan 

Controls Interface Lines 1-18 
Operations, Microprogram 3-52 

Search Equal Home Address 
Bit Structure of 1-15 
Flow Chart of 3-34 

Search Equal ID 
Bit Structure of 1-15 
Flow Chart of 3-35,3-36 

Search Equal Key 
Bit Structure of 1-15 
Flow Chart of 3-37,3-38 

Search Equal Key, Data 1-15 
Search High Equal ID 1-15 
Search High Equal Key 1-15 
Search High Equal Key, Data 1-15 
Search High ID 1-15 
Search High Key 1-15 
Search High Key, Data 1-15 
Search Home Address - 2311 3-34 
Search ID Equal - 2311 3-35,3-36 
Search Key Equal - 2311 3-37,3-38 
Search Operations, Microprogram 3-51 
Search/Scan Key and Data Equal 5-42,5-43 
Seek 

Check Sense Bit 3-3 
Commands 3-2 
Complete Gates 2-9 

Seek - 2311 3-10 
Seek Address Addressing 5-1 
Seek Check 3-3 
Seek Commands 3-2 
Seek Complete Gate 5-11 
Seek Complete (BC) Gates 2-9 
Select-In Line 1-18 
Select-Out Line 1-18 
Selecting 2321 or 2303 Interface (FT2 Bit) 2-100 
Selective Reset 1-24,2-59 
Sense 

,Amplifier Indicator 2-63 
Bytes, Overflow Record 5-56 
Bytes 0 through 5 3-2,3-5 
Bytes 4 and 5 5-56 
Information 3-2 
Operations, Microprogram 3-51 

Sense I/O 
Bit Structure of 1-15 



Sense I/O (Continued) 
Flow Chart of 3-41,3-42 

Sense Information 
Sense Byte 0 

Alternate Track (Bit 6) 3-3 
Bus Out Parity (Bit 2) 3-2 
Command Rejeot (Bit 0) 3-2 
Data Check (Bit 4) 3-2 
Defective Track (Bit 6) 3-2 
Equipment Check (Bit 3) 3-2 
Intervention Required (Bit 1) 3-2 
Overrun (Bit 5) 3-2 
RO 3-7 
Seek Check (Bit 7) 3-3 

Sense Byte 1 
Data Check in Count Field (Bit 0) 3-3 
End-Of-Cylinder (Bit 2) 3-3 
File Protected (Bit 5) 3-4 
Invalid Sequence (Bit 3) 3;'3 
Missing Address Marks (Bit 6) 3-4 
No Record Found (Bit 4) 3-3 
Overflow Incomplete (Bit 7) 3-4 
Track Overrun (Bit 1) 3-3 

Sense Byte 2 
ALU Check (Bit 4) 3-4 
Not Used (Bit 3) 3-4 
Reserved (Bit 1) 3-4 
Reserved (Bit 6) 3-5 
Reserved (Bit 7) 3-5 
Serializer /Deserializer Check (Bit 2) 3-4 
Un selected Status (Bit 5) 3-4 

Sense Byte 3 3-5 
Sense Byte 4 3-5,5-56 
Sense Byte 5 3-5,5-56 
Sense Information Summary 3-5 

Sense Information Summary 3-5 
Sense Operations, Microprogram 3-51 
SERDES 

(See Also Serializer /Deserializer) 
General Description 2-34 
Read Circuits 2-42 
Read Operation 2-35 
Write Circuits 2-36 
Write Operation 2-34 
Write Timing Chart 2-38 

SERDES, 2311 
Beta Gap Bit Configuration - 2311-2302 2-49 
Beta Gap Sequence 

bescription 2-46 
Restart Condition 2-50 

Beta Gap Timing Diagram 2-47,2-48 
General Description 2-34 
HA and Alpha Gap Bit Configuration 2311 2-44 
HA or Alpha Gap Sequence 

Description 2-41 
General 2-40 

HA or Alpha Gap Timing Diagram 2-45 
Read Operation 2-35 

Adjustable Delay Line and Single-8hot 2-39 
Error Detector 2-39 
Gap Selisor 2-39 
Gate Generator 2-39 
Ramp Generator and VFO Trigger 2-39 

SERDES, 2311 (Continued) 
Read Operation (Continued) 

Zeros Detector 2-39 
SERDES Read Circuits 2-42,2-43 
::S.I:!;.ttUE::S Write Circuits 2-36,2-37 
SERDES Write Timing Chart 2-38 
Variable Frequency Oscillator Circuit Operation 2-40 
VFO Circuits Timing Chart 2-41 
Write Operation 2-34 

Serial Address Sequence 5-7 
Serializer /Deserializer 

Basic Read Data Flow 1-6 
Basic Write Data Flow 1-5 
Check 3-4 
Control Lines from Microprogram 2-34 
Unit 2-34 
Write Circuits, Figure of 2-36,2-37 
Write Gate 2-34 
Write Timing Chart 2-38 
2302 

(See Also SERDES 2311) 
Operations 5-12 
Read Operation 5-32 
SERDES Write Timing Chart 2-38 
Write Circuits Figure of 2-36,2-37 
Write Operation 5-29 

2303 
Operation 5 -26 
Read Data Circuits 5-34,5-35 
SERDES Write Timing Chart 2-38 
Write Circuits Figure of 2-36,2-37 
Write Data Circuits 5-30,5-31 
Write Timing 5-33 

2321 Operation 5-13 
Serializer /beserializer Check 3-4 
Serializer /beserializer Unit 1-4,2-34 
Service-In 1-22,1-23 
Service-In Line 1-22 
Service In/Out Controls 2-6 
Service In/Out Timing for Read and Sense Operations 2-56 
Service In/Out Timing for Write, Search, and Control 

Operation 2-57 
Service-Out 1-20,1-21 
Service-Out Line 1-20 
Set ADDR Switch 2-61 
Set File Mask 

2311 3-12 
2841 3-8 

Short Control Unit Busy Sequence 2-57,5-44 
Single Shot, Block-Bit-Ring-Advance 5-14 
Single Step Switch 2-63 
SL T (Solid Logic Technology) 1-2 
Solid Logic Technology (SLT) 1-2 
Space Count Command - 2311 3-43 
Special Controls, Interface Lines 1-23 
ST (Status) Register 2-3 
Stacked Status 2-60 
Start Address Switch 2-63 
Start Switch 2 -63 
Status 

In-Line 1-21 
Information 3-1 
Modifier Status Bit 3-1 

2841 Stage 2 FETO (12/69) X-IS 



Status (Continued) 
Register 2-25 
2302 Circuits 5-12 
2303 Circuits 5-12 
2321 Circuits 5-12 

Status Bits (See Status Information) 3-1 
Status Control (CS) Field Codes 2-65,2-84 
Status-In Line 1-21 
Status Information 

Attention (Bit 0) 3-1 
Busy (Bit 3) 

Control Unit Busy 3-1 
Device Busy 3-1 

Channel End (Bit 4) 3-1 
Control Unit End (Bit 2) 3-1 
Device End (Bit 5) 3-1 
Status Modifier (Bit 1) 3-1 
Unit Check (Bit 6) 3-1 
Unit Exception (Bit 7) 3-2 

Control-Unit-End and Unit Check 3-2 
Immediate Command 3-2 
Seek Type Commands 3-2 

Status Modifier 
Status Modifier Status Bit 3-1 
Status Register (ST) 2-3 
Stop Address Switch 2-63 
Stop Switch 2-63 
ST3 (Carry) Reset, ST7 Set and X7 Branch 2-95 
Subtract Functions 2-32 
Summary of ALU Statements 2-29 
Suppress 

Data Transfer 1-24 
Out Line 1-24 
Status 1-24 

Suppress Data Transfer 1-24 
Suppress-out 

Chain Command Control 1-24 
Selective Reset 1-24 
Suppress Data Transfer 1-24 
Suppress Status 1-24 

Suppress-out Line 1-24 
Suppress Status 1-24 
SW Bit Position Assignments 5-46 
SW Registers 5-46,5-49 
Switch Registers 5-46,5-49 
Symbology, Microblock 2-67 
Synchronizing 2841 Operations to Command Out From the 

CPU 2-102 
System Reset 

IPL 3-8 
Set-File-Mask 3-8 
With .Two-Channel Switch 5-45 

System Reset, Two-Channel Switch 5-45 
System/360 I/O Interface 

Channel Interface Introduction 1-16 
Interface Lines 1-16 
Interface Operations 1-24 

a 
Tape 

Identification 2-14 
Number Determination 2-18 
Numbering 2-14 

X-16 (12/69) 

Tape (Continued) 
Plastic 2-11 
Resistance 2-15 
Types 2-14 

Tape Identification 2-14 
Tape Number Determination 2-18 
Tape Numbering 2-14 
Tape Numbering and Identification 2-14 
Tape Resistance 2-14 
Tape Stagger 2-16 
Tape Types 2-14 
Tape with U and I Core 2-11 
Tapes Plastic 2-11 
Test I/O 

Bit Structure of 1-15 
Flow Chart of 3-41 
Initial Selection 3-48 

Test I/O or Start I/O with Device Inoperable or Outstanding 
Status 3-41 

Theory of Operation 
Command Flow Charts 3-8 
Command Orientation Summary 3-53 
Condensed Microprogram Logic 3-48,3-49 
Erase Command - 2311 3-44 to 3-47 
Initial Program Load - 2311 3-39,3-40 
Initial Selection 3-9 
Miscellaneous Operations 3-5 
Read Count 3-1(i 
Read Count-Key-Data - 2311 3-17,3-18 
Read Data and Read Key-Data - 2311 3-19,3-20 
Read Home Address - 2311 3-13 
Read Record Zero - 2311 3-14,3-15 
Recalibrate 2311 3-11 
Search Home Address - 2311 3-34 
Search ID Equal - 2311 3-35,3-36 
Search Key Equal - 2311 3-37,3-38 
Seek - 2311 3-10 
Sense I/O 3-42 
Sense Information 3-2 
Set File Mask - 2311 3-12 
Space Count Command - 2311 3-43 
Status Information 3-1 
Test I/O or Start I/O with Device Inoperative or 

Outstanding Status 3-41 
Write Count-Key-Data - 2311 3-26,3-27 
Write Count-Key-Data - 2311 3-28 
Write Data - 2311 3-29 to 3-32 
Write Key-Data - 2311 3-33 
Write Record Zero - 2311 3-24,3-25 

Thermal Considerations 4-4 
Timing a Delay with the BX Register, CK Field and D = 0 

Statement 2-103 
Timing Exception, Interface 5-45 
Timing of TROS 2-20,2-26 
Top View of 2841 1-2 
Track 

Descriptor Record (RO) 1-9 
Format 1-17 
Overrun Sense Bit 3-2 

Track Condition Bits 3-6 
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