




















































































































































































































































































































SDS 901515

Table 3-17. Data-Out Service Cycle Phase Sequence (Cont.)
Phase Function Performed Signals Involved Comments
T4D2 MIOP returns fo the begin=-
(Cont.) ning phase PH1D2
PHID1 | Delay line D1 started PLEDI = PHIDT RS CM023 + ... The delay line starts when
CM023 —  NMS + MDRI signal RS is received from the
device controller
TOD1 Clear S-register latches SX0 = CMOTI + ... The S-register is prepared to
CMO11 - PH104DI TODI receive the byte address
$15-531 = S§15-531 NSX0 + ...
Set flip-flop SXBA S/SXBA = PH104D1 TODI The 16 MSB's of the byte ad-
_ dress are transferred from the
515-530 = BAD-BAIS SXBA + ... BA-register to 515-530 of the
S-register. The LSB of the
word portion of the byte ad-
dress is controlled by JO
during PH1DI1 T1D1
Signals CXBCU and CXBCL CXBCU = CXBCL = CM004 + ... The byte count is transferred
go frue CMO04 = PHIO2DI TODI from ﬂje BC-register to i:he
C-register and adder. Since
Co0-C7 = CXBCU BCO-BC7 + ... signals SUB and K15 are both
c8-Cl4 - CXBCL BC8-BCl4 + true, the byte count is decre~
Tt mented by one
S/C15 = CXBCU BCI15 + ...
Reset flip-flop RSAI R/RSA1 = PH102D1 TODI Prevents sending of RSA to the
RSA = RSA1 NRSA2 device controller prematurely
Set flip-flops ED, ES, and S/ED = S/ES = S/TRA1 = CMO030 | Flip-flops ED, ES, and TRAI
TRAI + ... are set if a word boundary
_ crossing is detected. Signal
CMo30 CM004 CM029 ED prevents the MIOP from
CM004 = PH102D1 TODI sending another byte of data
CM029 - NJI NJ2 H4 + J1 to the device controller dur-
12 NH4 ing the current service cycle
(OF4 is true if a read back-
S/H4 = OF4 +... ward order is being executed
by the device)
Reset flip-flops MS, MAE, R/MS = MCDI TOD1 + ...
and PRCH MCD1 = PHIO4DI + ...
R/MAE = PHID1 TODI
R/PRCH = TOD1
Clear M-register MLX0 = MUX0 = CMOTI + ... The M-register is prepared to
CMO11 - PH104D1 TODI receive the word of data from
core memory
MO-M15 = MO-MI15 MUXO0 + ...
M16-M31 = MI16-M31 MLX0 + ...

(Continued)
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Table 3-17. Data-Out Service Cycle Phase Sequence (Cont.)

SDS 901515

Phase Function Performed Signals Involved Comments

TOD1 Clear W-register WX0 = CMOIT + ... Signals WO0-W3 define a read

(Cont.) WO-W3 —  WO-W3 NWXO operation

Reset latch PHIPDI1 PH1PD1 = PHIPDI NPHPDI1X0
NPHPDIX0 =  NTOD1 NRESET

T1D1 Set flip-flop OUT s/out = PHID1 T1D1 IOR + ... The device controller speci-
fies a data-out service cycle
by driving the IOR line and
holding the DOR line false.
Flip-flop ORD is controlled
by signal DOR

Set flip-flop ED S/ED = PH102D1 TID1 EDI When the device controller

+ e can receive no more bytes of
data during the current service
cycle, it sets flip-flop ED by
generating signal EDI,
received on the end data line

Set latch S31 S31 = PHID1 TID1 JO NZBC The LSB of the word portion

+ ... of the byte count currently in
JO provides the balance of the]
byte address in the S-register

Reset flip-flop SXBA R/SXBA = TIDID + ... Since the byte address is in
the S-register, transfer signal
SXBA is no longer needed

Clear F-register FX0 =  FXO0I + ... The ASC function indicator

EXOI —  PHIDI TIDI line, controlled by F1, goes
false
R/F1 = FX0 + ...

Signal HXJP1 goes true HXJP1 = PHIO2D! TID1 NH4 A one is added to the byte
address LSB's in the H~
register

Reset flip-flop RSA2 R/RSA2 = PH1O2D1 TIDIT + ... Primes RSA

Reset flip-flops MAR, MDRI, R/MAR = R/MDR1 = MCD1 TIDI

and MPE + ...

MCD1 = PHIO4DT + ...
R/MPE = PH1O4D1 TIDI1 + ...
Set latch PH1PD1 PHI1PDI1 = PHIDT TIDT + ...
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Table 3-17. Data-Out Service Cycle Phase Sequence (Cant.)

Phase Function Performed Signals Involved Comments
T2D1 Reset flip-flop FIN R/FIN = PHIT2D1 + ... A new 1/O operation cannot
proceed past the first phase
if signal FIN is false
Set latch PH1D2 PH1D2 = PHIT2DI1 + ... A new [/O operation may
proceed through the first
phase (PH1D2)
Signal HUXO goes true HUX0 = HUXOI + ... Byte address LSB's are cleared
HUXOL = PHIDI T2D1 OUT from the H-register
R/HO-R/H2 = HUXO + ...
Set flip-flop ES S/ES = PH102D1 T2D1 NORD The current service cycle will
ED NCM0O47 + ... be concluded without a ter-
_ minal order (ES frue) if this
NCMO47 = NZBS NEH is the last byte of the current
service cycle (ED true), if
the byte count does not equal
zero (NZBS true), and if no
errors have been detected
(NEH true)
Set flip-flop MS S/MS = PHIT2D]1 CM042 + ... Signal MS starts a core mem-
CM042 = NORD OUT NH3 NEH | O cycle that reads the mem
ory location specified by the
S-register
T3D1 Signal HJXOF goes true HJXOF = PHIPDI T3D1 OUT + ...| The three LSB's of the byte
_ _ address are transferred from
S/H0-S/Hé = OF0-OF6 HJXOF + ... the OF -register to the H-
S/J0-5/J2 =  OF0-OF2 HJXOF + ... and J-registers to update the
_ byte address, check for a
IXMBO = NHI NH2 word boundary crossing, and
IXMBI = NHI H2 select from the M-register
_ the specified byte of data for
IXMB2 = HINH2 transfer to the device
IXMB3 = H1 H2 contiroller
IMBO-IMB7 = IXMBO MO-M7
+ IXMB1 M8-MI15
+ IXMB2 M16-M23
+ IXMB3 M24-M31
Clear I-register 1X0 = PH102PD1 T3D1 OUT
+ ...
10-17 = 10-I7 NIXO + ...
Set flip-flop IXMB S/TXMB = PH10O2PD1 OUT + ... Signal IXME gates the infor-
10-17 = IMBO-IMB7 IXMB + mation in the IMB buffers

info the I-register. The buf-
fers contain all zeros until

the data word from core mem-
ory enters the M-register and
the selected byte of thatword

(Continued)
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Table 3-17. Data-Out Service Cycle Phase Sequence (Cont.)

Phase Function Performed Signals Involved Comments
T3D1 enters the buffers (see figure
(Cont.) 3-44)
Reset latch PH1D1 PHIDI1 = PHID! NPHD1X0
NPHD1X0 =  NT3DI NRESET
T4D1 Set flip-flops MAE and EH S/MAE = PHIPDI CMO048 + ... If address here AH is not re-
_ ceived from core memory by
CMo48 = T4D1 MS NAH T4D1, memory address error
S/EH =  MAE + ... flip-flop MAE is set. Signal
MAE sets error halt flip=flop
EH
Set latch PH2D1 PH2D1 = PH2DI1S1 + ... Next phase in sequence
PH2D1S1 = PHIPD1 NORD OUT
PH2D1 | Delay line D1 started PLED1 = PH2D1 NFP RS RSA2 If this is the first time through
+ PH2D1 FP CMO023 PH2DI1 (signal FP true), the
CM023 = NMS + MDRI delay line starts when the
memory response signals have
been received (signal MDRI
true). If this is the second,
third, or fourth time through
PH2D1 (signal FP false), the
delay line starts when request
strobe RS has been received
from the device controller for
a byte of data
TOD1 Signals CXBCL and CXBCU CXBCL = CXBCU = CM004 + ... The byte count is transferred
go true _ from the BC-register to the
CMoo4 PHI1O2D1 TODI C-register and adder. Since
Co-C7 = BCO-BC7 CXBCU + ... signals SUB and K15 are both
Co-Cl4 - BCS-BCl4 CXBCL + ... true, the byte count is decre-
= """ | mented by one
s/C15 = BCI5 CXBCU
Clear O-registfer OX0 = PH2TODI1 + ...
00-07 = 00-07 NOX0 + ...
Set flip-flop OXI S/OXI = PH2TOD1 OUT + ... The selected byte of data in
_ _ _ the I-register is transferred to
00-07 = -7 0XI+... the O-register and the device
controller
Reset flip-flop IXMB R/IXMB = TODI1
Set flip-flops ED, ES, and S/ED = S/ES = S/TRA1 = CMO030 | The two byte address LSB's in
TRAT o the J-register are checked for
_ a word boundary crossing. If
CM030 = CMO04 CMm029 a word boundary crossing is
CMO004 = PH102D1 TODI detected, flip-flops ED, ES,
CM029 = NJINJ2 H4 + J1 J2 NH4 | ond TRAT are set
S/H4 = OF4 +...
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Table 3-17. Data~Out Service Cycle Phase Sequence (Cont.)

Phase Function Performed Signals Involved Comments
TOD1 Reset RSAI R/RSA1 = PH102DI1 TODI Prevents sending of RSA to the
(Cont.) RSA = RSA] NRSA2 device controller prematurely
Set flip~flop EH S/EH = EHE MPE + ... The error halt flip-flop EH is
_ set if a parity error was de-
S/MPE = MSPE tected when the data word
was accessed from core mem-
ory and the error halt enable
flip-flop EHE is true. Flip-
flop EHE is frue if the HTE
flag is frue
Reset latch PH2PD1 PH2PDI1 = PH2PD1 NPHPD1X0
NPHPDIX0 =  NTOD1 NRESET
TID1 Set flip-flop ED S/ED = PH102D1 TID1 EDI When the device controller
+ e can receive no more bytes of
_ data during the current ser-
EDI = CR/ED/ vice cycle, it drives the ED
line
Signal HXJP1 goes frue HXJP1 = PH102D1 TiD1 NH4 Signal HXJP1 increments the
_ byte address by one by trans-
S/HO = HXJPT JIAJZ NJO + ... ferring the contents of the J-
R/HO = HXJP1 J1AJ2 JO + ... register plus one to the H-
S/HI = HXJPT J2 NJT + ... register
R/H1 = HXJP1 J1AJ2 + ...
S/H2 = HXJP1 NJ2 + ...
R/H2 = HXJP1 J2 + ...
J1AJ2 = J1 )2
Reset flip-flop RSA2 R/RSA2 = PH102DI TID1 + ... Primes RSA
Set latch PH2PDI PH2PDI1 = PH2D1 TID1
T2D1 Signal BCXADD goes true BCXADD = PH2T2D1 + ... The incremented byte count
in the C-register is trans-
ferred back to the BC-register

Signal OFXH goes tfrue OFXH = PH2T2D1 + ... The updated byte address
(three LSB's) is transferred
from the H-register to the
OF -register

Reset flip-flop OXI R/OXI = T2D1 + ...

Set flip~flop ZBC S/ZBC = ZBS PH2D1 12Dt + ... Signal ZBS indicates that the
next count of the adder will
be zero. Since the byte count
is currently in the adder, a
zero byte count condition
sets flip-flop ZBC

(Continued)
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Table 3-17. Data-Out Service Cycle Phase Sequence (Cont.)

Set flip-flop ES

Set flip-flop RSA1

Signal CBA goes tfrue

R/ES

S/ES

NCM047

S/RSAI

CMO036
RSA

CBA

= PH102D1 T2D1 NORD
CMO47 + ...

= PH102D1 T2D1 NORD
ED NCM047

NZBS NEH

= CMO036 (NED + FP
+ TRAT)

= PH2D1 T2D1 NEH NZBS
= RSA1 NRSA2

= NH4NHO TRAT + ...

Phase Function Performed Signals Invoived Comments
T2D1 Set flip-flop ED, set latch S/ED = PH102D1 T2D1 NORD Either a zero byte count (ZBC)
(Cont.) | TORD, and reset flip-flop ES CMO47 + ... or error halt (EH) condition
' _ will stop the MIOP from
CMo47 = EH~+ZBC sending another byte of data
TORD = PH2D1 T2D1 CMO047 + ...| during the current service

cycle and will also ensure the
sending of a terminal order to
report the condition to the
device controller

The current service cycle will
be concluded without a ter-
minal order (ES true) if this

is the last byte of the current
service cycle (ED true), if the
byte count does not equal
zero (NZBS true), and if no
errors have been detected
(NEH true)

Request strobe acknowledge
RSA is sent to the device
controller if error halt EH is
not true and a zero byfe count
condition has not been de-
tected (ZBC true), and if one
or more of the following con-
ditions exist:

a. If this is not the last
byte of the current service

cycle (NED)

b. If this is the first
time through PH2D1 (FP)

c. If a word boundary
will be crossed if another
byte is transmitted (TRAT)

Signal TRAT is true if the two
LSB's of the byte address
(BAO, BA]) in the J-register
were true before a one was
added and transferred to the
H-register. Signal HO (BA2)
is false if BAZ was true before
a one was added when it was
in the J-register. Since the
three LSB's were true before
a one was added, a carry must
be made to the next higher
bit of the byte address (BA3)
in the BA-register. Signal
CBA provides for this carry

3~104
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Table 3-17. Data-Out Service Cycle Phase Sequence (Cont.)

SDS 901515

Phase Function Performed Signals Involved Comments
T3D1 Reset flip-flop FP R/FP =  PH2PDI1 T3D! + ... Permits the delay line to start
for the second, third, and
fourth bytes of data to be sent
to the device controller
Clear I-register latches IX0 = PH1O2PD! T3D1 OUT
T oeee
10-17 = [0-I7 NIXO + ...
Sef flip-flop IXMB S/IXMB = PH102PD1 T3D1 OUT The selected byte of data in
+ .. the IMB buffers is transferred
10-17 = IMBO-IMBZ IXMB + ... | o the Iregister
Set flip-flop LSO S/LSO = PHI1O2PDI T3D1 ZBC Selects CA-register if the byte
+ ... count equals zero
Reset latch PH2D1 PH2D1 = PH2D1 NPHDIXO0
NPHDIX0 =  NT3D1 NRESET
T4D1 Clear C-register latches CXo0 = CMO013 T4D1 + ...
CMO13 = NPH7PDT NPH10PD1
NPHT11PDI
C0-C14 = CO0-Cl14 NCX0
R/C15 = CX0 +...
Signal JXH goes true JXH = PH102PDI T4D1 The incremented byte address
_ _ (three LSB's) are returned to
5/40-5/42 = HO-HZ JXH + ... the J-register from the H-
register
Set flip-flop RSA1 S/RSA1 = PH2PD1 T4D1 Request sirobe acknowledge
RSA = RSA1 NRSA2 RSA is unc.ondiﬁonally sent
to the device controller
Set flip-flop LS1 S/LS1 = PH2PD1 T4D1 ED + ... Selects FS-register
Set flip-flop LS2 S/LS2 = PH102PDI1 T4D1 TORD Selects IS-register
L
Set latch PH2D1 PH2D1 = PH2D1S0 T4D1 + .. If not end data, the MIOP
- repeats PH2D1 to send another
PH2D1s0 PHIPD1 NORD OUT byte of data fo the device
controller
Set latch PH3DI PH3D1 = PH3DI1S0O T4D1 + ... If a carry to the 16 MSB's of
_ the byte count is required
PH3DI1S0 = PH102PD1 NORD NFP (CBA true), and the byte
NZBC CBA
count does not equal zero,
the MIOP will advance to
PH3D1
Set latch PH4D1 PH4D1 = PH4D1SO T4D1 + ... If the byte count equals zero
PHAD150 —  PHIO2PD1 ZBC Hé (ZBC), and the data chaining

+ ...

flagis true (H6), the MIOP will
advance to PH4D1 to start the
chaining operation

(Continued)
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Table 3-17. Data-Out Service Cycle Phase Sequence (Cont.)

SDS 901515

Phase

Function Performed

Signals Involved

Comments

T4D1
(Cont.)

PH3D1

TOD1

TID1

T2D1

T3D1

Set latch PH7D1

Delay line D1 started

Reset flip-flop SUB

Signal CXBA goes frue

Reset latch PH3PD1

Set flip-flop FP

Set latch PH3PDI1

Signal BAXADD goes frue

Set flip~flop FIN

Reset latch PH3D1

PH7DI1 = PH7D1SO T4D1 + ...
PH7D1S0 = PH102PD1 CM008
e
CM008 = NBC NHé + ZBC
NCBA ED NFP + ...
PLEDI =  PH3DI1 +...
R/SUB = PH3D! TOD! NH4 + ...
CXBA = PH3D1 TODI1 + ...
PH3PD1 = PH3PD1 NPHPD1X0
NPHPDIX0 = NTOD1 NRESET
S/FP = PH3DI! TID1 OUT
CMO032 + ...
CM032 = NMPE NMAE NTPE
NTORD
PH3PDI1 = PH3D1 TID1 + ...
BAXADD = PH3D! T2D1 + ...
S/FIN = PH3PDI1 T3DI FP + ...
PH3DI1 = PH3D1 NPHDI1X0
NPHDIX0 = NT3D! NRESET

The MIOP advances to PH7D1
if the byte count equals zero
(ZBC) and data chaining is
not specified (NH6), or if the
byte count does not equal
zero (NZBC), the byte ad-
dress MSB's do not need up-
dating (NCBA), and end daia
has been specified (ED)

The delay line starts uncon-
ditionally at the end of T4D1
of the preceding phase

Since K15 is frue, all data
transferred through the adder

is incremented by one

The byte address MSB's are
transferred to the C-register
and adder, and are thus in-
cremented by one. This oper-
ation effectively provides the
carry to the byte address
MSB's from the LSB's

Flip-flop FP is set if there
have been no memory parity
or address errors recorded and
if there will be no terminal
order during the current ser-
vice cycle. Logic decisions
are made (directly and in-
directly) during this phase
and PH7D1 based on the stafe
of signal FP

The incremented byte address
is transferred back to the
BA-register

Permits the next I/O opera-
tion to proceed through
PH2D2
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Table 3-17. Data-Out Service Cycle Phase Sequence (Cont.)

SDS 901515

Phase Function Performed Signals Involved Comments
T4D1 Clear C-register laiches CX0 = CMO013 T4D1 + ...
CMO013 = NPH7PD1 NPHI10PDI
NPH11PD1
C0-C14 = CO0-C14 NCXO0 + ...
R/CI15 = CX0 + ...
Set latch PH7D1 PH7D1 = PH7D1SO T4D1 + ... The MIOP advances to PH7DI1
PH7DI1SO —  PH3PD] NEP from PH3D1 if there was a
memory error recorded or if a
terminal order was specified
PH4D1 | Delay line D1 started PLED1 = PH4D1 CMO023 + ... Since signal MDRI was true
B before the preceding phase
CMo23 = NM5 + MDRI (PH2D1) started, the delay
line starts for PH4D1 af the
end of T4D1 of the preceding
phase
TOD!1 Reset flip~flop SUB R/SUB = PH4D1 TOD1 + ... Since K15 is frue, a one will
be added to any data frans-
ferred through the adder
Signal CXBA goes irue CXBA = PH4D1 TODI1 + ... The command address is trans-
_ ferred from the CA-register
co-Ci4 = CXBA BAO-BAI4 + ... to the C-register and adder
s/C15 = CXBA BAI5 + ...
Clear S-register SXO0 = CMOIT + ...
CMOT = PH104D1 TOD!
$15-531 = S15-531 NSXO0 + ...
Set flip-flop SXBA S/SXBA = PH104D1 TODI The command address is trans-
_ ferred from the CA-register
S15-530 = BAO-BA15 SXBA + ... to bits $15-530 of the S-
register. Bit S31 is a zero.
The first word of the com=-
mand doubleword will, there-
fore, be fetched from core
memory
Set flip-flop FP S/FP =  PH4TODT MPE + ... Flip-flop FP records, until
PH7D1, that a memory parity
error occurred (MPE) during
the data portion of the data-
out service cycle
Set flip-flop EH S/EH = MPE EHE + ... Error halt flip-flop EH is set

if a memory parity error
occurred and the halt on
fransmission error flag HTE is
true. Signal OF5 sefs flip-
flop EHE during PH2D2 if the
HTE flag is frue

(Continued)
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Table 3-17. Data-Out Service Cycle Phase Sequence (Cont.)

Phase Function Performed Signals Involved Comments
TOD1 Reset flip-flop MS R/MS = MCDI TODI
(Cont.) MCD1 = PH1O4DI + ...
Signals MLX0 and MUX0 MLX0 = MUX0 = CMOIT + ...
go true MO-MI5 =  MO-MI5 NMUXO + ...
M16-M31 = MI16-M31 NMLXO0 + ...
Signal WXO0 goes true WX0 = CMOT1 + ... A core memory read opera-
WO-W3 = WO-W3 NWOX + ... tion is specified
Reset latch PH4PDI PH4PD1 = PH4PD1 NPHPD1X0 + ...
NPHPDIX0 =  INTOD1 NRESET
TIDI Reset flip-flop SXBA R/SXBA = TID1D + ... The transfer signal (SXBA)
that transfers the command
address into the S-register
is no longer needed
Reset flip-flops MAR, MPE, R/MAR = R/MDRI = MCDI T1D1
and MDRI + ...
MCDI1 = PH10O4D1 + ...
R/MPE = PH1O4D1 TID? + ...
Set flip-flop MS S/MS = MSSET + ... If there have been no error
_ conditions detected thus far
MSSET = PH4TID]1 NEH NBC15 dori .
. uring the current service
e (NEH), and if the device
controller has not sef the
chaining modifier CM during
the previous order~in service
cycle (NBCI15), flip-flop MS
will be set. Signal MS starts
a core memory access
Set latch PH4PD1 PH4PD1 = PH4DI T1DI
T2D1 Signals HUX0 and HX0 HUXO0 = HX0 = CM020 + ... The H-register is cleared
go frue CMO20 = PH4DI T2D1 (NEH + MS)
R/HO-R/H2 = HUXO + ...
R/H3-R/H7 = HXO0 + ...
Signal BAXADD goes true BAXADD = CM020 + ... The incremented command
address is returned to the
CA-register
T3D1 Signal IX0 goes true IX0 =  PH4PD! T3DI1 + ... The I-register is cleared
10-17 = I0-17 NIX0 + ...
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Table 3-17. Data-Out Service Cycle Phase Sequence {Cont.)

SDS 901515

Phase Function Performed Signals Involved Comments

T3D1 Set flip-flop IXMB S/IXMB = PH4PD1 T3D1 + ... Signal IXMB transfers the

(Cont.) information from the IMB
buffers to the I-register. If
a memory cycle was started
(MS true), during PH5D1 the
buffers will contain the order
bits of the command double-
word accessed from core
memory

Set flip~flop CMD S/CMD = PH4PDI T3D! This function applies when

‘ (NEH + MS) + ... chaining modifier CM is true
(signal BC15 true) and this is
the first time through PH4D1
(no core memory access
made). The current command
doubleword is not accessed;
however, when PH4D1 is
repeated, the command
doubleword in the next
higher memory location will
be accessed

Reset latch PH4D1 PH4D1 = PH4D1 NPHD1X0

NPHDIX0 = NT3D1 NRESET

T4D1 Reset flip-flops LST and LS2 R/LS1 = R/LS2 = PH4PDI Selects BC- and OF-registers
T4D1 + ... ’

Reset flip-flop K15 R/K15 = PH4PD1 T4D1 MS + .. Data being transferred
through the adder will not
be altered

Set flip~flops MAE and EH S/MAE = PH4PDI CMO048 + ... If a memory access wasmade,

- and memory did not respond

CMo48 T4DT MS NAH with address here AH, flip-

S/EH = MAE + ... flops MAE and EH record the
error condifion until the
termination phase

Set latch PH4DI PH4D1 = PH4D1S0 T4D1 This function applies if sig-

_ nal CM (BC15) is true and
PHADI150 = PHAPDT NEH NMS this is the first time through
PH4DI1. In this case, PH4DI1
will be repeated and a mem-
ory access will be made the
second time through

Signal CX0 goes true CX0 = CMOI3 T4D1 + ... The C-register is cleared

CMO13 = NPH7PD1 NPHI10PDI

NPH11PDI
Set latch PH5D1 PH5D1 = PH5DI1S0 T4D1 If a memory access had been
+ PH5D1S1 T4D1 made (MS true), or any error
- conditions detected (EH true)
PH3D150 PHAPDI EH the MIOP will advance to
PH5D1S1 = PH4PDI1 MS

PH5DI1

(Continued)

3-109



Table 3-17. Order-Out Service Cycle Phase Sequence (Cont.)

SDS 901515

Phase Function Performed Signals Involved Comments
PH5DI1 Delay line D1 started PLED1 = PH5DT CM023 + ... The delay line starts when
CMO23 —  NMS + MDRI the reach?n signals have
been received from core
memory (signal MDRI true)
TOD1 Reset flip-flop IXMB R/IXMB = TODI + ...

Set latch S31 S31 = PH5D1 TOD1 + .. Since the address of the first
word of the command
doubleword was set into the
S-register during PH4D1, bit
S31 frue specifies the ad~
dress of the second word

Set flip~flop EH S/EH = CMD MPE + ... If a parity error was detected

B while reading the first word
S/MPE = PEMS of the command doubleword
from core memory (signal
MPE true), error halt flip-
flop EH will be set
Signal CXM goes true CXM = PH5D1 TOD1 TRA If the first word of the com-
CO-Cl4 = MI6-M30 CXM + mand doubleword (currently
T in the I-register) specifies a
S/C15 = M31T CXM + ... transfer in channel command
_ (signal TRA true), the ad-
TRA = M NI NIs NI7 dress bits of the transfer in
channel command currently
in the M-register will be
transferred to the C-register
Set flip-flop EH S/EH = PH5D1 TOD1 TRA TRAI Signals TRA and TRAT both
+ e frue at the same time indi-
S/TRAI —  PH5PDI T4DI + cates that two transfers in
e channe! command have been
accessed from core memory
in succession, indicating a
control error
Reset flip~flop LSO R/LSO = PH5D1 TOD1 NTRA Selects BA-register if not a
+ .. transfer in channel command
(NTRA)
Signal CXMR3 goes true CXMR3 = PH5DT TOD1 NTRA The 16 MSB's of the byte
_ address are transferred from
Co-C14 = MI3-M27 CXMR3 + ... the M-register to the BA-
S/C15 = M28 CXMR3 + ... register if the last word
accessed from core memory
was not a fransfer in channel
command
Signal HUXM goes true HUXM = PH5D1 TOD1 NTRA The three LSB's of the byte
HO-H2 = M29-M3] HUXM + ... address are transferred to

the H-register if the last
word accessed from core
memory was not a transfer
in channel command
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Table 3-17. Data-Out Service Cycle Phase Sequence (Cont.)

Phase Function Performed kSignc|s Involved Comments
TOD1 Reset flip-flop MS R/MS = MCDI1 TOD1 + ...
(Cont.) MCD1 = PHSDI + ...
Reset latch PH5PD1 PH5PD1 = PH5PD1 NPHPD1X0 + ...
NPHPD1X0 =  NTOD1 NRESET
TIDI Reset flip-flops MAR and R/MAR = R/MDRI = MCDI1 TIDI
MDR1 + ..
Clear M-register latches MLX0 =  MUXO = MLXOI + ...
MLX01 = PH5DI1 TIDT + ..
MO-M15 = MO-M15 NMUX0 + ...
M16-M31 = MI16-M31 NMLXO0 + ...
Set flip-flop MS S/MS = MSSET + ... If the last word accessed from
MSSET = PHS5DI TID1 NEH NTRA | SOre memory was nofa frans=
fer in channel command, MS
goes true to start another core
memory access for the second
word of the command double-
word
Set latch PH5PD1 PH5PD1 = PH5D1 TIDI
T2D1 Reset flip-flop OXI R/OXI =  T2D1 + ...
Signal BAXADD goes true BAXADD = PH5D1 T2D1 NEH If a transfer in channel com-
.. mand is being processed, sig-
nal BAXADD stores the com-
mand address encoded in the
transfer in channel command
in the CA-register (signal LSO
is true). If a fransfer in
channel command is not being
processed, signal BAXADD
stores the byte address en-
coded in the first word of the
command doubleword in the
BA-register (signal LSO is
false)
T3D1 Reset latch PH5D1 PH5D1 = NPHD1X0
NPHDIX0O = NT3D1 NRESET
T4D1 Clear C-register latches CX0 = CMOI3 T4D1 + ...
CMO013 = NPH7PD1 NPHI10PD1
NPH11PD1
C0-C14 = C0-C14 NCXO0 + ...
R/C15 = CX0+...

(Continued)
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Phase

Function Performed

‘Signqls Involved

Comments

T4D1
(Cont.)

PH6DI

T0D1

Set flip-flop TRA1

Set flip-flop K15

Set flip-flops MAE and EH

Set latch PH4D1

Set latch PHéDI

Delay line D1 started

Signal CXM goes frue

Set bits H3-H6 of the

H-register

Set flip-flop EH

Reset latch PH6PD1

S/TRA1 = PH5PD1 T4D1 + ...
s/K15 = PH5PD! T4D1 TRA
+ e

S/MAE = PH5PD} CMO48 + ...
CM048 = T4D1 MS NAH

S/EH =  MAE + ...

PH4DI1 =  PH4D1SO T4D1 + ...
PH4D150 = PH5PD1 NCMO007 + ...
NCMO007 = NEH TRA

PH6D1 =  PH6DISO T4D1 + ...
PH6D150 = PH5PDI CM007
CM007 = EH + NTRA

PLEDI1 = PH6DI CM023 + ...
CM023 = NMS + MDRI

CXM = PH®&D1 TODi + ...

C0-Cl14 =  MI&-M31 CXM + ...

s/C15 =  M31 CXM + ...

S/H3 = PH&TODI M7 + ...

S/H4 =  PH6TOD1 CM003 + ...

S/H5 = PH6TODI M4 + ...

S/H6 = PH4TODT MO + ...
CM003 = NORD OF4 + ...

S/EH = CMD MPE + ...

MPE = MS PE

PH6PDI = PH6PD1 NPHPDIX0

NPHPDIX0 =  NTOD! NRESET

Signal TRAT is used with TRA
to detect two successive
transfers in channe! command

Flip-flop K15 is set if a
transfer in channel command
is being processed

If core memory has not re~-
sponded to the last memory
request with signal address
here (AH), flip-flops MAE
and EH are set fo record the
error condition until the
termination phase

If a transfer in channel com-
mand is being processed (sig-
nal TRA true) and no error
conditfions have been recorded
(signal NEH true), the MIOP
will return to PH4D1

PH6DT1 is the next phase in
sequence if a transfer in
channel command isnotbeing
processed or if an error con-
dition was detected

The delay line starts when the
reaction signals are received
from core memory (signal
MDR1 true). The secondword
of the command doubleword
is now in the M-register

Signal CXM transfers the byfe
count from the M-register to
the C-register

The flags are transferred from
the M-register to the H-
register

The error halt flip-flop is set
if a parity error is detected
when reading core memory
(signal PE true)
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Phase Function Performed Signals Involved Comments
TID1 Set latch PH6PDI PH6PDI = PHéD1 TIDI
T2D1 Signal BCXADD goes frue BCXADD = CM022 + ... If no error conditions have
_ been detecied (signal NEH
CM022 - EHéD] T2D1 NEH true), the byte count MSB's
ot are stored in the BC~register

Signal OFXH goes true OFXH = CM022 + ... If no error conditions have
been detected, the byte
count LSB's and the flags are
stored in the OF-register

T3D1 Resef latch PH6D1 PH6D1 = PH6D1 NPHD1X0 + ...
NPHD1X0 = NT3D1 NRESET
T4D1 Signal CX0 goes frue CX0 = CMO13 T4D1 + ... The C-register is cleared
CMO13 = NPH7PDT NPHIOPDI
NPH11PDI1
C0-Cl14 = CO0-C14 NCXO0 + ..,
R/C15 = CX0 +...
Set flip-flops LS1 and LS2 S/LS1 = S/LS2 = PH4PDI1 T4D1 Selects FS- and IS-registers
Tt oeee
Set latch PH7D1 PH7DI1 = PH6PDT T4D1 + ... Next phase in sequence
PH7D1 | Delay line D1 started PLEDI = PH7D1 CM025 + ... If a terminal order is to be
CM025 - CM023 CMO25I1 sent to the .device controller,
the delay line starts when
CM023 =  MDRI + ... signal RS is received from
B the device controller and
NCMO02511 = NCMO25I1I + ... MDRI or NMS are frve. If
NCMO25I1T = RS RSA2 no terminal order is to be
sent, the delay line starts
when T4D]1 of the previous
phase is completed and MDRI
or NMS are true
TOD1 Clear H-register HUXO0 = HX0 = HXO0I + ...
HX0I = PH7D1 TODT + ..
R/HO-R/H2 = HUXO + ...
R/H3-R/H7 = HX0 + ...

Reset flip-flop K15 R/K15 = PH7D1 TODI + ... Data that is transferred
through the adder will not
be altered

Clear O-register latches OXo0 = PH7D1 TOD1 TORD If a terminal order is speci-

+ ... fied (signal TORD true), the
00-07 = 00-07 NOXO0 + ... O-register is cleared

(Continued)
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Table 3-17. Data~Out Service Cycle Phase Sequence (Cont.)

Phase Function Performed Signals Involved Comments
TOD1 Reset flip-flop RSA1 R/RSA1 = PH7D1 TOD1 TORD Flip-flop RSAI is set again
(Cont.) +oeee during T3D1 to generate RSA.
Signal RSA is generated only
if a ferminal order isspecified
Reset latch PH7PD1 PH7PD1 = PH7PD1 NPHPDIX0
T oeee
NPHPDIX0 = NTOD1 NRESET
TIDI1 Signal CXBCL goes frue CXBCL = PH7TIDIT + ... Status information from bits
_ 8-14 of the FS-register is
cs-Cl4 = BC8-BCI4 CXBCL + ... transferred to bits 8-14 of the
C-register
Signal CXBCU goes true CXBCU = CXBCUI + ... The flags stored in the FS-
- register are transferred to the
CXBCUI PH7D1 TID1 CMO045 Coregister if an error was
CM045 = EH + NCMD detected (signal EH true) or
_ _ if data chaining did not occur
C0-C7 = BCO0-BC7 CXBCU + ... (signal NCMD true)
Signal CXMBO goes frue CXMBO = PH7D1 TIDI NCMO045 If data chaining occurred
NCMO45 -  CMD NEH (signal CMD true) and no
error conditions were de-
Co-C7 = MO-M7 CXMBO + ... tected (signal NEH true), the
new flags in the M-register
are transferred to the C-
register for subsequent storage
in the FS-register
Signal CXST goes true CXST = PH7TIDI Signal CXST updates the
c10 —  CXST C10ST status information currently
in the C-register
c10sT = MPE NCMD + FP NORD
C11 = CXST MAE + ...
C12 = CXST CI2ST + ...
C12sT = CMD MPE
C13 = CXST CI3ST + ...
C13sT = CMD EH NMPE NMAE
Cl14 = CXSTEH + ...
Signal OXTORD goes irue OXTORD = PH7ZTID1 TORD Signal OXTORD gates a ter-
B minal order to the O-register
S = OXTORD OOTOS + ... and, therefore, to the device
O0TOS = CMO16 + ... controller if a terminal order
CMOI6 = ZBC BCI was specified
01 = OXTORD OITOS +...
OITOS = ZBC NBCO
02 = OXTORD BC2 + ...
o3 = OXTORD EH + ...
04 = OXTORD O4TOS +...
O4T0S = OUT EH NCMD + ...
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Phase

Function Performed

Signals Involved

Comments

TID1
(Cont.)

Signal HJXOF goes true

Set flip-flop H7

Signal OXTORD goes true

Set flip-flop ES

Set flip-flop FIN

HJXOF
S/HO-S/Hé
S/J0-5/J2

S/H7
CM005

OXTORD
S/HO
CMO16

S/ES

S/FIN
CMO032

il

PH7TIDI + ...
HJXOF OF0-OF6 +
HJXOF OF0-OF2 + .

Il

1]

1

i

TORD OF7 + NTORD
EH

]

TORD PH7TIDI
= OXTORD CMOT6 + .
ZBC BCI

= PH7TIDI + ...

.

PH7T1D1 CMO005 + ...

= PH7TIDI CM032 + ...

= NMPE NMAE NTPE
NTORD

If a ferminal order is speci-
fied, the interrupt status and
the three MSB's of the device
address (from 1S4-1S6) are set
into the H- and J-registers.
If a terminal order is not
specified, the operating flags
(from OF3-OF6) and the three [
byte address LSB's are set in-
to the H- and J-registers. If
a terminal order is specified,
the interrupt status is updated
in the H-register and returned
to the IS-register. If a ter-
minal order is not specified,
the information is returned to
the OF-register unaltered

If a terminal order is speci-
fied, the LSB of the device
address (from 1S7) is set into
the H-register to complete the
device address transfer. If a
terminal order is not specified
and an error halt condition
occurred (signal EH true), bit
H7 will be set, thus retaining
a record of the error when the
H-register contents are trans-
ferred back to the OF-register

If a terminal order is speci-
fied, signal OXTORD permits
the interrupt status in the H-
register to be updated. Bit HO
is set if the byte count equals
zero and the inferrupt at zero
byte count flag (BC1) is true

Signal ES causes the device
contiroller to disconnect from
the device controller inter-
face lines after it also
receives signal RSA

Flip-flop FIN is set if a ter-
minal order is not specified
and no memory address or
parity errors were detected
during the current service
cycle. Signal FIN permitsthe
next /O operation to con-
tinue. Signal NFIN gates the
information in the adder and
H-register back info their re~
spective fast access registers

during T3D1 of this phase

{Continued)
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Phase Function Performed Signals Involved Comments
TIDI1 Reset flip-flop RSA2 R/RSA2 = PH7TID1 TORD + ... Primes RSA
(Cont.)
Set latch PH7PD1 PH7PDI1 = PH7D1 TIDI + ...
T3D1 Signal BCXADD goes true BCXADD = CM021 + ... The flags and status currently
CMO21 - PH7PDI T3D] NFIN in the C-re.glsfer are set into
the FS-register
Signal OFXH goes true OFXH = CMO21 + ... If a terminal order is speci-
fied, the interrupt status and
device address in the H-
register are transferred to the
IS-register. If a terminal
order is not specified, the
operating flags and byte ad-
dress LSB's in the H-register
are transferred to the OF-
register
Set flip-flop RSA1 S/RSA1 = PH7PD1 T3DI The service connect flip-flop
RSA =  RSAT NRSA2 in the devu:_:e c;on’r.roller. is
reset when it receives signal
RSA. The device controller
is, therefore, electrically
disconnected from the inter-
face
Reset latch PH7D1 PH7DI1 = PH7DT NPHD1X0 + ...
NPHDIX0 =  NT3DI NRESET
T4D1 Set flip-flop FIN S/FIN = PH7PD1 T4DI1 + ... The current operafion no

longer needs the MIOP's
fast access memory

3-116




SDS 901515

Paragraph 3-43
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Figure 3-44. Processing Data During a Data=Out Service Cycle, Timing Diagram

3-43 Data-=In Service Cycle

The data-in service cycle phases follow the sequence
shown in figure 3-45. During a data-in service cycle, the
MIOP accepts up to four bytes of data from the device
controller and stores the word (or part of word) into the

core memory location specified by the byte address register.

The MIOP accepts the first byte of data during PHID1. If
more bytes are to be accepted, the MIOP cycles through
PH2DT1 for each additional byte. The MIOP includes
PH3D1 in the sequence when a carry from the three LSB's
to the 16 MSB's of the byte address is required. (When

the device is performing a read backward order, a borrow
from the MSB's is required.) When the byte count has been
reduced to zero and data chaining is specified, phases
PH4D1, PH5D1, and PH6DI are included in the sequence,
during which time the MIOP accesses the next command
doubleword from core memory. If the first word of the
command doubleword specifies a transfer in channel
command (signal TRA ftrue), phases PH4D1 and PH3D1 are
repeated so that the MIOP can branch to the new memory
locafion for the data. The MIOP enters the termination
phase (PH7D1) either immediately after the first byte of
data is accepted, after the byte address has been updated,
or after the chaining operations have been completed.
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PHID2. The MIOP determines that the request was initi-
ated by a device controller and, therefore, drives the
acknowledge service line and function strobe line at the
device controller interface.

PH2D2. The delay line starts after the device controller
responds to the function strobe. The address the responding
device controller has placed on the FR lines is set into the
A-register to select the subchannel associated with that
device controller. Also certain MIOP flip-flops and regis-
ters are cleared.

PHID1. The following functions are performed during
PHIDI1: : ’

a. The MIOP sets into its I-register the byte of data
the device controller has placed on the data lines (see

figure 3-46).

b. The data in the I-register is transferred into the
byte position of the M-register specified by the two byte
address LSB's currently in the J-register.

c. The write byte lines are controlled by the two
byte address LSB'S.

d. The byte address is updated and checked for a
word boundary crossing, and the byte count is decremented
by one.

e. The end data and end service lines are controlled
as required.

f. If the first byte is the last to be accepted from the
device controller during the current service cycle, the
MIOP stores this byte into the core memory location speci-
fied by the byte address.

PH2D1. The following functions are performed during
PH2D1:

a. The MIOP sets into its I-register the byte of data
the device controller has placed on the data lines. (This
is the second, third, or fourth byte.)

b. The data in the I-register is transferred to the byte
position specified by the two byte address LSB's currently
in the J-register. (The byte address LSB's are altered with
every byte accepted from the device controller.)

c. The write byte lines are conirolled (indirectly) by
the fwo byte address LSB's.

d. The byte count is decremented by one and checked
for zero. :

e. The byte address is updated and checked for a word
boundary crossing.

f. The end data and end service lines are controlled
as required.

g. If the current byte is the last to be accepted from
the device controller during the current service cycle, the
MIORP stores the contents of the M-register into the core
memory location specified by the byte address.

PH3D1. The MSB's of the byte address in the BA-register
are incremented by one if the device is executing a read
order or decremented by one if the device is executing a
read backward order. The carry or borrow is effectively

made from the three LSB's of the byte address as required.

Note

Phases PH4D1, PH5D1, PH6DI, and PH7D1
for a data-in service cycle are identical to
the same phases of a data-out service cycle.
(See paragraph 3-42.)
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Table 3-18. Data-In Service Cycle Phase Sequence

Phase Function Performed Signals Involved Comments
PHID2 | Delay line D2 started PLED2 = PHID2 NFSL NAVO SC | The delay line starts when
+ ... service call SC is received
from a device controller
TOD2 Reset latch PH1PD2 PH1PD2 = PHIPD2 NTOD2 + ...
T1D2 Set latch PH1PD2 PH1PD2 = PHID2 TID2 + ...
T2D2 Set flip-flop F1 S/F1 = PH1T2D2 T1D2 NFNT Flip~flop F1 drives the ASC
SC + ... function indicator line
T3D2 Reset latch PH1D2 PHI1D2 = PHID2 NT3D2 + ...
T4D2 Set PH2D2 S/PH2D2 = PHIPD2 T4D2 Next phase in sequence
Set flip-flop FS S/ES = PHIPD2 T4D2 F1 + ... Primes the service connect
flip=flop in the highest
priority device controller
with a service call pending.
This flip~flop will set on the
falling edge of signal FS
PH2D2 | Delay line D2 started PLED2 = PH2D2 FIN (AVO FSL The delay line starts when
+...) (NFNT + ...) signal FSL is received from
RSAZ + ... the device controller
TOD2 Signal AXO goes true AXO0 = PH2TOD2 The A-register is prepared to
AO-A7 = AO-A7 NAXO + ... receive the device controller
address
Reset flip-flops MAE, MPE, R/MAE = R/MPE = PH2TOD2
and latch PHTPD2 PH1PD2 = PHIPD2 NTOD2 + ...
TID1 Reset flip-flops LSO, LS1, R/LSO = R/LS1 = R/LS2 = CM002 | Selects the BA-, BC-, and
and LS2 + ... OF -registers of appropriate
CM002 =  PH2D2 TID2 NENT subchannels
Reset CMD, EHE, EH, IXMB, R/CMD = R/EHE = R/EH = R/IXMB
ORD, OUT, TPE, TRAI, and = R/ORD = R/OUT
latches TORD and ZBC = R/TPE = R/TRAI
= PH2T1D2
TORD = TORD NPH2TID2 + ...
ZBC = ZBC NPH2TID2 + ...
Set flip-flop FP S/FP = PH2TID2
Set latch PH2PD2 PH2PD2 = PH2D2 T1D2
T2D2 Clear C-, H-, and I-registers CX0 = HX0 = HUXO = PH2T2D2
IX0 = PH2D2 T2D2
C0-C14 = CO0-Cl14 NCXO0 + ...
R/C15 = CX0 +...

(Continued)
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Phase

Function Performed

Signals Involved

Comments

T2D2
(Cont.)

T3D2

T4D2

PH1D1

Clear J-register

Reset flip-flops SUB and K15

Reset flip-flop FS

Reset flip~flops ED and ES

Signal HJXOF

Set flip-flop EHE

Set flip-flop EH

Reset PH2D2

Set latch PH1D1

Set latch PH1D2

Delay line D1 started

R/HO-R/H2
R/H3-R/H7
10-17

R/JO-R/J2
R/SUB

R/FS

R/ED

HJXOF
S/HO-S/Hé
S/J0-S/)2

S/EHE

S/EH

R/PH2D2

PHIDI
PH1D1S0

PH1D2

R/F1

PLEDI
CM023

HUXO0 + ...
HX0 + ...
10-17 NIX0 + ...

PH2T2D2 + ...

R/K15 = PH2T2D2

PH2D2 T2D2 F1 + ...

R/ES = PH2D2 T2D2
F1 + ...

PH2PD2 T3D2 F1 + ...
OF0-OF6 HJXOF + ...
OF0-OF2 HJXOF + ...

PH2PD2 T3D2 OF5
t ...

PH2PD2 T3D2 OF7
e

T3D2 + RESET

PHIDI1SO + ...
PH2PD2 T4D2 F1
PH2PD2 T4D2 NF1
NFNT + ...

R/FS = AVO + ...

PHIDT RS CM023 + ...

NMS + MDRI

A one will be subtracted from
all data transferred through
the adder

The service connect flip-flop
in the device subcontroller is
set when it senses the falling
edge of FS. The device con-
troller is, therefore, con-
nected for service

The LSB of the word address
BAZ, stored in OFO of the
OF -register, is set in JO of
the J-register so that it may
control the LSB of the core
memory address register S31
during the next phase

Error halt enable flip-fiop
EHE is set if the half on
transmission error (HTE) flag
stored in the OF register is
true

If the transmission error halt
(TEH) flag is true, error halt
flip-flop EH will be set

Next phase in sequence

If the requesting device con-
troller does not reply fo the
ASC, the MIOP receives
signal AVO. The operation
is, therefore, aborted and
the MIOP returns to the
beginning phase PH1D2

The delay line starts when
signal RS is received from
the device controller

3-122

(Continued)



SDS 901515

Table 3-18. Data-In Szrvice Cycle Phase Sequence (Cont.) -
Phase Funetion Performed Signals Involved Comments
TODI1 Clear S-register latches SX0 = CMOI1 + ... The S-register is prepared to
CMOT1 = PH104DI TODI receive the byte address
$15-531 = S15-S31 NSXO0 + ...
Set flip-flop SXBA S/SXBA = PH104D1 TODI1 The 16 MSB's of the byte ad-
B dress are transferred from the
$15-530 = BAO-BAIS SXBA + ... | g egister to $15-530 of
the S-register. The LSB of
the word portion of the byte
address is controlled by JO
during PH1D1 TID1
Signals CXBCU and CXBCL CXBCU = CXBCL = CM004 + ... The byte count is transferred
go true _ from the BC-register to the
CMoo4 PH102D1 TODI C-register and adder. Since
C0-C7 = CXBCU BCO-BC7 + ... signals SUB and K15 are
C8-Cl4 = CXBCL BC8-BCl4 + ... | e, the byte countis
decremented by one
s/C15 = CXBCU BCI5 + ...
Reset flip~flop RSAI R/RSAI = PH102D1 TODI1 Prevents sending of RSA to
RSA ~  RSA1 NRSA2 the device controller
prematurely
Set flip-flops ED, ES, and S/ED = S/ES = S/TRAI Flip=flops ED, ES, and TRAI
TRA1 = CM030 + ... are set if a word boundary
_ crossing is detected. Signal
CMo30 CMO04 CM029 ED prevents the MIOP from
CM004 = PH10O2DI1 TODI1 sending another byte of data
CMO29 = NJT NJ2 HA + U1 12 to the device controller dur-
NH4 ing the current service cycle
(OF4 is true if a read back-
S/H4 = OF4 + ... ward order is being executed
by the device)
Reset flip-flops MS, MAE, R/MS = MCDI1 TOD1 + ...
and PRCH MCDT = PHIOADI + ...
R/MAE = PHIDI TODI1
R/PRCH = TODI
Clear M-register latches MLX0 = MUX0 = CMOIT + ... The M-register is prepared
CMOTT ~  PHI1O4D1 TODI to receive the data bytes
after they are received from
MO-M15 = MO-MI15 MUX0 + .. the device controller
M16-M31 = MI16-M31 MLXO + ...
Clear W-register latches WXO0 = CMOIT + ...
WO0-w3 = WO-W3 NWXO0
Reset latch PHIPD]1 PH1PDI1 = PHIPD1 NPHPD1X0
NPHPDIX0 =  NTOD! NRESET

(Continued)
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Phase Function Performed Signals Involved Comments
TID1 Define service cycle type s/out = PHID! TID1 IOR + ... The device controller speci-
_ fies a data~in service cycle
S/ORD = PHID1 TIDT DOR+ ... by holding the DOR and IOR
lines false
Set flip-flop ED S/ED = PH1O2D1 TI1D1 EDI When the device controller
... can fransmit no more bytes of
data during the current ser-
vice cycle, it sets flip-flop
ED by generating signal ED],
received on the end data line
Signal IXDA goes true IXDA = PH1O2D! TID1 NOUT Signal IXDA gates the data
+ .. present on the data lines
_ _ _ (from the device controller)
10-17 = IXDA DAO-DA7Z + ... into the I-register and the
IP = IXDA DAP +... parity bit DAP to flip-flop IP
Set flip-flop PRCH S/PRCH = PH102D1 TID1 PC The device controller drives
the parity check line (PC) to
indicate to the MIOP that
A parity should be checked
Set latch S31 5/531 = PHIDI TID1 JO The LSB of the word portion of
NZBC + ... the byte count currently in JO
provides the balance of the
byte address in the S-register
Reset flip-flop SXBA R/SXBA = TIDID + ... Since the byte address is in
the S-register, transfer signal
SXBA is no longer needed
Clear F-register FXO0 =  FX0I + ... The ASC function indicator
EXOI —  PHID] TIDI line, controlled by F1, goes
false
R/F1 = FX0 +...
Signal HXJP1 or HXJMI1 HXJP1 = PH102D1 TID1 NH4 If the device is executing a
goes true _ read order, signal NH4 is frue.
HXIMI PH1O2D1 TID1 H4 Signal HXJPT thus goes true
and increments the byte ad-
dress by one as it is trans-
ferred from the J-register to
the H-register. If the device
is executing a read backward
order, signal H4 is true. Sig-
nal HXJM1 thus goes true and
decrements the byte address
by one as it is fransferred
from the J-register to the H-
register
Reset flip-flop RSA2 R/RSA2 = PH102D1 TID1 + ... Primes RSA
Reset flip-flops MAR, MDRI, R/MAR = R/MDR! = MCDI TIDI
and MPE + ...
MCD1 = PH104D1 + ...
R/MPE PH10O4D1 TID1 + ..
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Phase Function Performed ‘Signcls Involved Comments

TIDI1 Set latch PH1PD]1 PH1PDI = PHIDI TIDI + ...

(Cont.)

T2D1 Reset flip~flop FIN R/FIN = PHIT2DT + .. A new I/O operation cannot
proceed past the first phase if
signal FIN is false

Set latch PH1D2 PH1D2 = PHIT2DI + ... A new 1/O operation may
proceed through the first
phase (PH1D2)

PH1O2D1

T2D1 Signal BCXADD goes true BCXADD = CM022 + ... The decremented byte count -

CM022 —  PHID] T2D1 NORD ;s;;f:}:neddgo the BC-register
NOUT + ... rom the adder
Signal OFXH goes true OFXH = CMO22 + .. The three adjusted LSB's of
the byte address and the
operating flags are transferred
back to the OF -register
One of signals MBOXI-MB3XI MBOXI = CMO14 NJ1 NJ2 + ... The two byte address LSB's in
go true _ the J-register are decoded to
MB1XI CMO14 NJT J2 + ... produce signals MBOXI-
MB2XI = CMOI4 JT NJ2 + ... MB3XI
MB3X1 =  CMO14 JT J2 + ...
CMO014 = PH1O2D1 T2D1 NOUT
Data byte in I-register is gated MO-M7 = MBOXI I0-I7 + ... The byte of data currently in
into selected byte position of M8-M15 —  MBIXI 0-17 + the I-register is gated into
M-register o the byte position of the M-
M16-M23 = MB2XI I0-17 + ... register specified by the de-
_ _ coded byte address signals
M24-M31 = MB3XI 10-17 + ... (MBOXI-MB3XI)
Set latches WO-W3 WO = MBOXI + ... Signals MBOXI-MB3XI con-
_ trol the W-register flip-flops
wi = MBIXI+ to define which bytes of data
W2 = MB2XI + ... are fo be written into core
w3 = MB3XI + memery
Set latch ZBC ZBC = PHI1T2D1 ZBS NORD Signal ZBS indicates that the
NOUT + .. next time the byte count is
decremented it will equal
zero
Set flip~flop ED, set latch S/ED = R/ES = PH102D1 T2DI If an error has been recorded
TORD, and reset flip-flop NORD CM047 + ... during a previous service
ES TORD —  PH2DI T2D1 CMO47 cycle (signal EH true) or if
+ the byte count equals zero
Tt (signal ZBS true), flip~flop
CM047 = ZBS + EH ED will be set to prevent the

MIOP from accepting another
byte of data during the

(Continued)
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Set flip-flop ES

Set flip-flop RSAIT

Set flip-flop MS

S/ES

NCM047

S/RSAT

CMO037
RSA

S/MS

CMO14
CMO040
CMO047

PH1O2D1 T2D1 NORD
ED NCMO047

NZBS NEH

CM037 NORD NOUT
(TRAT + NED) + ...

PH1T2D1 NEH NZBS
RSAT NRSA2

CMO14 CM040 NORD
NH3 + ...

PH102D1 NOUT T2DI
EH + CM047
ZBS + EH

Phase Function Performed Signals Involved Comments
T2D1 current service cycle. TORD
(Cont.) will also be set so that the

current service cycle will be
concluded with a'terminal
order, and flip-flop ES will be
reset fo cause the device con-
troller to send another request
strobe for the terminal order

If the current byte of data is
the last fo be accepted from
the device controller, if no
errors were recorded, and if
the byte count does not equal
zero, flip=flop ES will be set.
The device controller will,
therefore, electrically discon-
nect from the MIOP upon
receipt of signal RSA

Signal RSA will be sent to the
device controller if error halt
and zero byte count conditions
do not exist, and if either of

the following conditions exist:

a. If signal TRA1 is true,
indicating a word boundary
will be crossed if another byte
of data is accepted

b. If the device has not
specified end data

Signal MS starts a core mem-
ory cycle that writes the con-
tents of the M-register into
the byte location specified by
the write byte lines and the
word location specified by the
byte address (word location)
in the S-register. Flip-flop
MS is set if the skip flag in
bit 3 of the H-register is false
and if one or more of the
following conditions exist:

a. If end data ED had
been specified by either the
MIOP or the device controller

b. If error halt flip-flop
EH had been set

c. If the byte count
equals zero
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Phase

Function Performed

Signals Involved

Comments

T2D1
(Cont.)

T3D1

T4D1

Signal CBA goes frue

Reset flip-flop FP

' Set flip-flop LSO

Reset latch PHID1

Clear C-register latches

Signal JXH goes true

Set flip-flop RSAI

Set flip-flops PRCH and
TPE

CBA

R/FP

S/LS0
PHIDI
NPHD1X0
CX0
CMO13
C0-C14
R/C15

JXH
$/J0-5/J2

S/RSAI

RSA

S/PRCH
IEVEN

HO H4 TRA1 + NHO
NH4 TRAT1

PHTPD1 T3D1 NOUT
t ...

PH102PD1 T3D1 ZBC
+ ...

PHIDT NPHD1X0
NT3D1 NRESET

CMO13 T4D1 + ...

NPH7PD1 NPHI10PDI1
NPH11PD1

CO0-C14 NCXO0 + ...
CX0 + ...

PH1O2PD1 T4D1
HO-H2 JXH + ...

PHIPD1 T4D1 NOUT
+ ...

RSA1 NRSA2

PH102D1 TID1 PC

I02EVEN I35EVEN
I68EVEN + NIO2EVEN
NI35SEVEN [68EVEN

+ NIO2EVEN I35EVEN
NI68EVEN + I02EVEN
NI3SEVEN NISSEVEN

If the device is performing a
read forward operation, and
all three LSB's of the byte
address (BA0 - BA2) were true
before they were incremented,
signals NH4, TRA1, and NHO
would now be frue. Signal
CBA would, therefore, go true
to provide for the required
carry to the BA-register (dur-
ing PH3D1). If the device is
performing a read backward
operation, and all three LSB's
of the byte address were false
before they were decremented,
signals H4, TRA1, and HO
would now be true. Signal
CBA would, therefore, go true
to provide for the borrow from
the BA-register

Signal NFP is required for
the delay line to start during
PH2D1

Selects CA-register

The three updated byte ad-
dress LSB's are transferred
from the H-register back to
the J-register

Request strobe acknowledge
RSA is sent to the device
controller

Flip-flop PRCH is set if the
device coniroller drives the
PC line. Signal IEVEN indi-
cates there is an even number
of bits in the I-register and
IP flip=flop. Since parity is
odd, signal IEVEN indicates

(Continued)
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Function Performed

NZBC NCBA ED + ...

Phase Signals Involved Comments
T4D1 I02EVEN NIO NIT NI2 + 10 I1 that a parity error occurred,
(Cont.) NI2 + 10 NIT 12 + NIO | in which case flip-flop TPE
ni is set
I35EVEN NI3 NI4 NI5 + I3 I4
NI5 + I3 NI4 15 + NI3
415
[68EVEN NIé NI7 NIP + 16 17 NIP
+ 16 NI7 IP + NI6 17 IP
S/TPE CMO038 PRCH IEVEN + ...
CMO38 PH10O2PD1 T4D1 NORD
NOUT
Set flip-flop EH S/EH EHE TPE + ... Error halt flip-flop EH is set
if signal EHE is frue (flip-
flop EHE is set by the HTE
flag) and signal TPE is also
true
Set flip-flop LSI S/LS1 PHIPD! T4D1 EH NOUT | Selects FS-register
. t ...
Set flip~flop LS2 S/LS2 PH1O2PD1 T4D1 TORD Selects IS-register
+ ...
Set flip~flops MAE and EH S/MAE PHIPD1 CMO048 + ... If address here AH is not re~
ceived from core memory by
CMo48 T4D1 MS NAH T4D1, memory address error
S/EH MAE + ... flip-flop MAE is set. Signal
MAE sets error halt flip-flop
EH
Set latch PH2D1 PH2DI1 PH2D1SO T4Dt + ... If the current byte of data is
PH2D150 PHIO2PD1 NORD Ngp | Not the last to be accepted
from the device controller
(signal NED true), the MIOP
will accept additional bytes
during PH2D1
Set latch PH3D1 PH3DI PH3D1SO T4D1 + ... The MIOP will advance to
PH3D150 PH1O2PD1 NORD NFP bPHam d('; the 16 MSB's of the
NZBC CBA yte address require updating
(carry to, or borrow from)
Set latch PH4D1 PH4DI1 PH4D1S0 T4D1 + ... If the byte count equals zero
PH4D150 PH102PD1 ZBC Hé (signal ZBC true) and the
data chaining flag is true
(signal Hé true), the MIOP
will advance to PH4D1 to
start the chaining operation
Set latch PH7D1 PH7DI1 PH7D1SO T4D1 + ... The MIOP will advance di-
rectly to the termination
PH7D1 PH1O2PD1 CMO008 + ... phase (PH7D1) if the byte
CM008 ZBC NHé6 + NFP count equals zero (ZBC) and

the data chaining flag (Hé) is
false, or signal FP is false,
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Phase Function Performed Signals Involved Comments
T4D1 the byte count does not equal
(Cont.) zero (NZBC), the byte ad-
dress MSB's do not need up-
dating (NCBA), and if the
current byte of data is the
last to be accepted during the
current service cycle (ED)
PH2D1 | Delay line D1 started PLEDI1 = PH2DT NFP RS RSA2 The delay line starts when
request strobe RS is received
from the device controller
TOD1 Signals CXBCL and CXBCU CXBCU = CXBCL = CM004 + ... The byte count is fransferred
go true CMO04 ~  PH1O2PD1 TODI from the BC-register to the
C-register and adder. Since
C0-C7 = BCO-BC7 CXBCU + ... signals SUB and K15 are both
C8-Cl4 —  BC8-BCl4 CXBCL + ... true, the byte count is decre-
‘ mented by one
S/C15 = BCI5 CXBCU
Set flip-flop PRCH S/PRCH = PH1O2PD1 TIDI PC The device controller drives
the PC line if parity is to be
checked
Clear I-register and IP IX0 = PH2TOD1 NOUT + ...
flip-flop 10-17 = 10-I7 NIX0 + ...
IP = IP NIX0O + ...
Set flip-flops ED, ES, and S/ED = S/ES = S/TRA] = CMO30 | The two LSB's of the byte ad-
TRAI + ... dress are checked for a word
CM030 =  CM004 CMO29 boundary crossing. If a word
boundary crossing is detected,
CMO004 = PH102D1 TODI flip-flops ED, ES, and TRAI
CMO29 = NJI NJ2 Hé are set
+ J1 J2 NH4
S/H4 = OF4 +...
Reset flip~flop RSAI R/RSA1T = PH10O2PD1 TODI Prevents sending of RSA to
RSA —  RSA] NRSA2 the device controller
prematurely
Reset latch PH2PD1 PH2PD1 = PH2PD1 NPHPD1X0
NPHPDIX0 = NTOD1 NRESET
TID1 Signal IXDA goes true IXDA = PH102D1 TI1D1 NOUT Signal IXDA gates the data
... present on the data lines
_ _ _ (from the device controller)
10-17 = IXDA DAD-DA7 + ... into the I-register, and the
IP = IXDA DAP + ... parity bit DAP to flip-flop IP
Set flip-flop PRCH S/PRCH = PH102D1 TID1 PC The device controller drives

the parity check line (PC) to
indicate to the MIOP that
parity should be checked

(Continued)
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Phase

Function Performed

Signals Involved

Comments

TiD1
{Cont.)

PH3D1

TOD1

Set flip-flop ED

Reset flip-flop RSA2

Signal HXJPT or HXJMI
goes frue

Set laich PH1PDI1

For the next function, return
to PH102D1, T2D1 of this
table, and proceed through
T2D1, T3D1, and T4D]1.
During T4D1, the MIOP will
either cycle through PH2D1
for another byte of data or
will progress to another phase
as required

Delay line D1 started

Reset flip-flop SUB

Signal CXBA goes true

S/ED

R/RSA2

HXJP1
HJIXM1

PHIPDI

PLED1

R/SUB

CXBA

PH1O2D1 TID1 EDI
+ ...

= PH102D1 TIDI + ...

=  PH102D1 TID1 NH4
= PH102D1 TID1 H4

= PHID1 TIDI + ...

= PH3D1 + ...

= PH3DT TOD1 NH4 + ...

= PH3DI1 TOD1 + ...

When the device controller
can transmit no more bytes of
data during the current ser-
vice cycle, it sets flip-flop
ED by generating signal EDI,
received by the MIOP on the

end data line

Primes RSA

If the device is executing a
read order, signal NH4 is
true. Thus, signal HXJP1
goes true and increments the
byte address by one as it is
transferred from the J-register
to the H-register. If the de-
vice is executing a read
backward order, signal H4 is
true. Thus, signal HXJM
goes true and decrements the
byte address by one as it is
transferred from the J-register
to the H-register

The delay line starts uncon-
ditionally at the end of T4D1
of the preceding phase

Flip-flop SUB is reset only if
the device is executing a
read order (NH4). If flip-
flop SUB is reset all data
transferring through the adder
will be incremented by one,
since K15 is true. If SUB
remains true, all data trans-
ferring through the adder will
be decremented by one

The byte address MSB's are
transferred to the C-register
and adder, and are thus in-
cremented or decremented by
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Phase Function Performed Signals Involved Comments

TOD1 one, depending upon the state

(Cont.) of signal SUB. This operation
effectively provides the carry
or borrow to or from the three
LSB's of the byte address

Reset latch PH3PD1 PH3PD1 = PH3PD1 NPHPDI1X0
NPHPDIX0 = NTOD1 NRESET

T1D1 Set latch PH3PD1 PH3PD1 = PH3D1 TIDI + ...

T2D1 Signal BAXADD goes true BAXADD = PH3D1 T2D1 + .. The incremented or decre-
mented byte address is frans-
ferred back to the BA-register
from the C-register and adder

T3D1 Reset latch PH3D1 PH3DI = PH3D1 NPHDI1X0

NPHD1X0 = NT3D1 NRESET
T4D1 Clear C-register CX0 = CMO13 T4D1 + ...
CMO013 = NPH7PD1 NPH10PD1
NPH11PD1
C0-C14 = CO0-Cl14 NCXO0 + ...
R/C15 = CXO0 +...

Set latch PH7D1 PH7D1 = PH7D1SO T4D1 + ... Next phase in sequence from
PH7DISO = PH3PD1 NFP PH3DI

The operations performed during

phases PH4D1, PH5D1, and

PH6DT1 (the sequences performed

when data chaining is specified)

of a data~-in service cycle are

identical to phases PH4D]1,

PH5D1, and PHéD1 of a data-

out service cycle (see table 3-17)

PH7D1 | Delay line D1 started PLED1 = PH7D1 CM025 + ... If a ferminal order is to be
CMO25 —  CM023 CMO25I] sent to the .device controller,
the delay line starts when
CM023 = MDRI + ... signal RS is received from the
_ device controller and signals

NCM02511 =  NCMO025I11 + ... MDR] and NMS are true. If
NCMO025ITI = RS RSA2 no terminal order is to be sent,

the delay line starts when
T4D1 of the previous phase is
completed and signals MDR1
or NMS are true

(Continued)
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Phase Function Performed Signals Involved Comments
PH7D1 | Delay line D1 started PLED1 = PH7D1 CM025 + ... If a terminal order is to be
(Cont.) CMO25 —  CM023 CMO25I] sent to the .dewce controller,
the delay line starts when
CM023 =  MDRIT + .. signal RS is received from the
_ device controller and MDR1
NCMO2511 = NCMO25I11 + ... or NMS are frue. If no fer=
NCMO25I1T = RS RSA2 minal order is to be sent, the
delay line starts when T4D1
of the previous phase is com-
pleted and MDR1 or NMS
are frue
TOD1 Clear H-register flip-flops HUXO = HX0 = HXOI + ...
HXOI = PH7D1 TOD1 + ..
R/HO-R/H2 = HUXO + ...
R/H3-R/H7 = HXO0 +...
Reset flip-flop K15 R/K15 =~ PH7D1 TODI + ... Data transferred through the
adder will not be altered
Clear O-register latches OXo0 = PH7D1 TODI TORD + ... | If a terminal order is speci-
00-07 -~ 00-07 NOXO0 + fied (signal TORD true), the
T O-register is cleared
Reset flip-flop RSAI1 R/RSA1 = PH7D1 TOD1 TORD + ... | Flip-flop RSAI is set again
during T3D1 to generate RSA.
Signal RSA is generated only
if a terminal order is
specified
Reset latch PH7PD1 PH7PDI1 = PH7PD1 NPHPDIX0 + ...
NPHPDIX0 =  NTOD! NRESET
TID1 Signal CXBCL goes true CXBCL = PH7TIDT + ... Status information from bits
_ 8-14 of the FS-register is
Cs-Cl4 = BC8-BC14 CxBCL + ... transferred to bits 8-14 of
the C-register
Signal CXBCU goes true CXBCU = CXBCUI + ... The flags stored in the FS-
CXBCUI = PH7DI TIDI CMO45 register are transferred to the
C-register if an error was
CMO045 = EH + NCMD detected (signal EH true), or
_ if data chaining did not occur
co-Cc7 = BCO-BC7 CXBCU + ... (signal NCMD frue)
Signal CXMBO goes true CXMBO = PH7D1 TID1 NCMO045 If data chaining occurred
NCMO45 -  CMD NEH (signal CMD true) and no
error conditions were de~-
C0-C7 =  MO-M7 CXMBO + ... tected (signal NEH true), the

new flags in the M-register
are transferred to the C-
register for subsequent storage
in the FS-register
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Phase Function Performed Signals Involved Comments
TID1 Signal CXST goes true CXST = PH7TIDI Signal CXST updates the
(Cont.) clo —  CXST Cl10ST ffatus mformfzhon currently
in the C-register
C10ST = MPE NCMD + FP NORD
Cl1 = CXST MAE + ...
C12 = CXST CI3ST + ...
C12ST = CMD MPE
C13 = CXST CI3ST + ...
C13sT = CMD EH NMPE NMAE
Cl4 = CXSTEH +...
Signal OXTORD goes frue OXTORD = PH7TID! TORD Signal OXTORD gates a ter-
3 minal order to the O-register
o0 = OXTORD OO0TOS + ... and, therefore, to the device
O0TOS = CMO16 + ... controller if a terminal order
CMO16 = ZBC BCI was specified
o1 = OXTORD OITOS + ...
O170S = ZBC NBCO
02 = OXTORD BC2 + ...
C3 = OXTORD EH + ...
O4 = OXTORD O4TOS + ...
O4TOS = OUT EH NCMD + ...
Signal HIXOF goes true HJXOF = PH7TIDI + ... If a terminal order is speci-
_ _ fied, the interrupt status and
/H0-5/H6 = HIXOF OF0-OF6 + ... the three MSB's of the device
S/J0-5/J2 = HJXOF OF0-OF2 + ... address (from 1S4-1S6) are set
into the H- and J-registers.
If a terminal order is not
specified, the operating flags
(from OF3-OF6) and the
three byte address LSB's are
set into the H- and J-
registers. If a terminal order
is specified, the interrupt
status is updated in the H-
register and refurned to the
IS-register. If a terminal
order is not specified, the in-
formation is returned to the
OF -register unaltered
Set flip-flop H7 S/H7 = PH7TIDI CMO05 + ... If a terminal order is speci-
CMOO5 - TORD OF7 + NTORD EH fied, the LSB of the device

address (from IS7) is set into
the H-register to complete the
device address transfer. If a
terminal order is not specified

(Continued)
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Phase

Function Performed

Signals Involved

Comments

TiD1
(Cont.)

T3D1

Signal OXTORD goes true

Set flip-flop ES

Set flip-flop FIN

Reset flip-flop RSA2
Set latch PH7PDI

Signal BCXADD goes true

Signal OFXH goes true

OXTORD
S/HO
CMO16

S/ES

S/FIN
CMO032

R/RSA2
PH7PD1

BCXADD
CMO021

OFXH

= TORD PH7TIDI

= OXTORD CM016 + ...

= ZBC BCI

= PH7/TIDI

= PH7TID1 CMO032 + ...

= NMPE NMAE NTPE
NTORD

= PH7TID1 TORD + ...

= PH7D1 TID1 + ..

CM021 + ...
PH7PD1 T3D1 NFIN

1

cMo21 + ...

and an error halt condition
occurred (signal EH true), bit
H7 will be set, thus retaining
a record of the error when
the H-register contents are
transferred back to the OF-
register

If a terminal order is speci-
fied, signal OXTORD permits
the interrupt status in the H-
register to be updated. Bit
HO is set if the byte count
equals zero and the interrupt
at zero byte count flag (BCT)
is true

Signal ES causes the device
controller to disconnect from
the device controller inter-
face lines after it also
receives signal RSA

Flip-flop FIN is set if a ter-
minal order is not specified,
no fransmission errors, and no
memory address or parity
errors were detected during
the current service cycle.
Signal FIN permits the next
/O operation to continue.
Signal NFIN gates the infor-
mation in the adder and H-
register back into their re-
spective fast access registers
during T3D1 of this phase

Primes RSA

The flags and status currently
in the C-register are set into
the FS-register

If a terminal order is speci-
fied, the interrupt status and
device address in the H-
register are transferred fo the
IS-register. If a terminal
order is not specified, the
operating flags and byte ad-
dress LSB's in the H-register
are transferred to the OF-
register
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Table 3-18. Data~In Service Cycle Phase Sequence (Cont.)

Paragraph 3-44

Phase Function Performed

Signals Involved

Comments

T3D1 Set flip-flop RSA1
(Cont.)

Reset latch PH7DI1

T4D1 | Set flip-flop FIN

S/RSAI
RSA

PH7DI1
NPHDI1X0

S/FIN

PH7PD1 T3DI
RSAT NRSA2

PH7D1 NPHDIX0 + ...
NT3D1 NRESET

PH7PD1 T4D1 + ...

The service connect flip-flop
in the device controller is
reset when it receives signal
RSA. The device controller
is, therefore, electrically
disconnected from the inter-
face

The current operation no
longer needs the MIOP's fast
access memory

3-44 GLOSSARY

A glossary of MIOP signals appears in table 3-19.

Table 3-19. Glossary of MIOP Signals

Signal Definition
AO0-A7 An 8-bit register. The A-register contains the current fast access memory address
ADDO-ADDI15 The 16 outputs of the adder. ADD is equal to either C + K15 (if NSUB) or C - K15 (if SUB)
AH The address here line from core memory
AIO Acknowledge 1/0 to peripherals
AIOFN Logic signal. Indicates that an AIO function is being signaled by the CPU
AR The address release line from core memory
ASC Acknowledge service call to device controllers
AVO Device controller available from priority cable
AXOD Logic signal. Clears the A-register
AXFR Logic signal. Transfers FR to the A-register
AXM Logic signal. Transfers MO-M7 to the A-register
BA Sixteen bits of fast access memory. Contains the most significant 16 bits of the byte address
BAXADD Logic signal. Transfers ADD to BA/CA
BC Sixteen bits of fast access memory. Contains the byte count
BCXADD Logic signal. Transfers ADD to BC/FS
BKWD Logic signal. Indicates that a read backward order is being processed
C A 16-bit register. C is the input to the adder
CA Sixteen bits of fast access memory. Contains the command address. (Since CA and BA have
the same source, as shown by the LSO definition, CA will not appear in the equations)

(Continued)
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Table 3-19. Glossary of MIOP Signals (Cont.)

CMO01-CMO050
CMD

CNST
CNSTNME

CONDI1
COND2
CX0
CXBA
CXBCL
CXBCU
CXM
CXMBO
CXMR3
CXsT
DAQ-DAY
DAP

DG
DOR
DR

ED

EDI

EH

EHE

ES

Signal Definition
CBA Logic signal. Indicates that a carry or borrow into the most significant 16 bits of the byte
address (BA) has been generated
CC1 Logic flip-flop. NCCT1 drives the NCONDI response to the CPU
cec2 Logic flip~flop. NCC2 drives the NCOND2 response to the CPU
CL1 The 1-megacycle elock line to peripherals
CL1S The T-megacycie clock source line from the CPU

Fifty miscellaneous common terms

Logic flip-flop. Disables the chaining modifier bit (FS15). During data chaining, also indi-
cates that the data transfer has been successfully concluded (i.e., without an error halt — see
EH) and the chaining is at least started. During most CPU-initiated functions (HIO, SIO,
TDV, TIO), CMD also gates the storing of the first status word in core memory

The control strobe line from the CPU

Logic signal. Causes the incoming strobe fo be passed on to the next MIOP (because the
function is not to be executed by this MIOP)

Line to the CPU. Causes condition code 1 (within the CPU) to set
Line to the CPU. Causes condition code 2 (within the CPU) to set
Logic signal. Clears the C-register

Logic signal. Transfers BA to the C-register

Logic signal. Transfers BC8-BC14 to C8-C14

Logic signal. Transfers BCO-BC7 to CO-C7 and BC15 to C15
Logic signal. Transfers M16-M31 to C

Logic signal. Transfers MO-M7 to CO-C7

Logic signal. Transfers M13-M28 to the C-register

Logic signal. Transfers status update information to C8-C14

The eight input-output data lines from and to peripherals

The data parity lines associated with DAO-DA7

Data gate signal from core memory. Implies data from memory is stable
The data order request line from peripherals

The data release line from core memory

Logic flip-flop. Receives an end data signal (EDI) from a peripheral. Also drives the end
data line to peripherals

The end data signal from a peripheral

Logic flip-flop. Gates an error halt of the peripheral currently being serviced. (An error
halt causes the current operation of the MIOP to be terminated with unusual end being
reported to the peripheral)

Logic flip~flop. Enables EH to be set under certain conditions. (EHE is actually the halt on
error flag)

Logic flip~flop. Drives the end service line to peripherals

A 6-bit register. Drives the function lines to peripherals. (FO drives AIO; F1 drives ASC; F2
drives HIO; F3 drives SIO; F4 drives TIO; F5 drives TDV)
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Table 3-19. Glossary of MIOP Signals (Cont.)

Signal Definition

FIN Logic flip-flop. Signals the (independently running) pricrity determination logic (delay line
2) that the current operation is nearing completion. Specifically, FIN implies that the
current operafion no longer needs fast access memory

FNT Logic flip-flop. Gates the execution of a CPU-initiated function (AIO, HIO, SIO, TDV, TIO)
FNC The three function code lines from the CPU
FP Logic flip-flop. Indicates (during phase 2) that the next output data byte is the first to be

transmitted during the current service cycle. May also gate (during phase 3) the termination
of a service cycle. Finally, FP indicates (during phase 7) a memory parity error during the
data portion of a data in/ouf operation with chaining

FRO-FR7 The eight function response lines from peripherals
FS Logic flip-flop. Drives the function strobe line to peripherals
FSO-FS15 Sixteen bifs of fast access memory. FS contains the flags and status. (Since FS and BC have

the same source see LS1, FS will not appear in the equations, eliminating confusion with the
function strobe flip-flop above) ‘

FSL The leading function strobe acknowledge line from peripherals
FX0 Logic signal. Clears the F-register
FXFN Logic signal. Transfers the decoded FNC lines to the F-register
HO-H7 An 8-bit register. H is used to operate on OF/IS
HIO Halt I/O to peripherals
HJXOF Logic signal. Transfers OF0~OF6 to HO-Hé and transfers OF0-OF2 to the J-register
HUX0 Logic signal. Clears HO-H2
HUXM Logic signal. Transfers M29-M31 to HO-H2
HX0 Logic signal. Clears H3-H7
HXJIMI1 Logic signal. Transfers J minus 1 to HO-H2
HXJP1 Logic signal. Transfers J plus 1 to HO-H2
10-17 An 8-bit register. I receives input data bytes (DA) from peripherals and holds output data
bytes (before transferring them to the O-register) for parity generation
I02EVEN Logic signal. Indicates that there are an even number of bits in [0-12
I35EVEN Logic signal. Indicates that there are an even number of bits in 13-15
I68EVEN Logic signal. Indicates that there are an even number of bits in 16, 17, and IP
IC The interrupt call line from peripherals
IEVEN Logic signal. Indicates that there are an even number of bits in I and IP
IMBO-IMB7 Eight logic signals. IMBO-IMB7 equals the byte of M (i.e., MO-M7, M8-M15, M16-M23,
or M24-M3I) being transferred to the I-register
IOPA The three MIOP address lines from the CPU
IOR The input-output request line from peripherals
IP Logic flip-flop. Receives the data parity bit (DAP)
IR Logic flip-flop. Drives the interrupt request line to the CPU
(Continued)
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Table 3-19. Glossary of MIOP Signals (Cont.)

Signal Definition

1S0-157 Eight bits of fast access memory. IS contains the interrupt status and the number of the last
successfully started (via SIO) device on the device controller. (Since IS and OF have the
same source see[LS2], IS will not appear in the equations)

IX0 Logic signal. Clears I and IP

IXDA Logic signal. Transfers DA to I and fransfers DAP to IP

IXMB Logic flip-flop. Transfers IMB to I

IXMBO Logic signal. Gates MO-M7 to IMB

IXMB1 Logic signal. Gates M8~-M15 to IMB

IXMB2 Logic signal. Gates M16-M23 to IMB

IXMB3 Logic signal. Gates M24-M31 to IMB

Jo-J2 Three-bit register. J is used to increase or decrease HO-H2 (see HXJM1 and HXJP1) .

JXH Logic signal. Transfers HO-H2 to the J-register

K0-K15 Fifteen logic signals (KO-K14) and one logic flip-flop (K15). K indicates that there is a carry
into a given stage of the adder

KPOT2 Logic signal. Indicates that stages 0-2 of the adder will propagate a carry

KP3T5 Logic signal. Indicates that stages 3-5 of the adder will propagate a carry

KP6T8 Logic signal. Indicates that stages 6-8 of the adder will propagate a carry

KP9T11 Logic signal. Indicates that stages 9-11 of the adder will propagate a carry

KP12T14 Logic signal. Indicates that stages 12-14 of the adder will propagate a carry

KP15 Logic signal. Indicates that stage 15 of the adder will propagate a carry -

LASTONE Logic signal. Indicates that this MIOP is (physically) the last one in the MIOP priority string

LSO Logic flip-flop. Controls whether BA (NLSO) or CA (LSO) is being accessed in fast access
memory

LSI Logic flip-flop. Controls whether BC (NLST) or FS (LS1) is being accessed in fast access
memory

LS2 Logic flip-flop. Controls whether OF (NLS2) or IS (LS2) is being accessed in fast access
memory

L15-L31 Address lines to core memory

MO0O-M31 A 32-bit register. M receives the data (MD) from core memory and also drives the data lines
to core memory

MAE Logic flip-flop. Indicates that a memory address error has occurred (i.e., that nonexistent
core memory has been addressed —see AH)

MAR Logic flip-flop. Receives the address release (AR) signal from core memory

MBOXI Logic signal. Transfers the I-register to MO-M7

MBI1XI Logic signal. Transfers the I-register to M8-M15

MB2XI Logic signal. Transfers the I-register to M16-M23

MB3XI Logic signal. Transfers the [-register to M24-M31

MCDI1 Logic signal. Causes the memory flip-flops (MAR, MDR1, and MS) to clear during the

appropriate phases and times of delay line 1
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Table 3-19. Glossary of MIOP Signals (Cont.)

Signal Definition

MDO-MD31 The 32 memory data signals from core memory

MDR1 Logic flip-flop. During a full write memory cycle, indicates that data release (DR) has risen.
During a read cycle, indicates that parity OK (POK) or parity error (PE) have risen. MDRI
also indicates that the memory address error (MAE) flip~flop is set

ME Logic signal. Indicates that the function currently being performed by the CPU is to be
executed by this MIOP

MLXO0 Logic signal. Clears M16-M31

MPE Logic flip-flop. Receives the parity error (PE) signal from core memory

MQ The memory request line to core memory

MS Logic flip-flop. Gates the MIOP's entire execution of a core memory cycle (from MQ to
the setting of MDRI)

MUXO0 Logic signal. Clears MO-M15

MWO-MW3 Write byte lines to core memory

MXA Logic signal. Transfers [OPA to M21-M23 and gransfers the A-register to M24-M31

MXADD Logic signal. Transfers ADD to MO-M15

MXBC Logic signal. Transfers BC to M16-M31

MXFR Logic signal. Transfers FR to MO-M7

MXIS Logic signal. Transfers BC8-BCY to M8-M? and transfers OF0-OF2 to M10-M12

MXM Logic signal. Transfers MD to the M-register

MYNUM Logic signal. Indicates that the CPU is currently addressing this MIOP (i.e., IOPA equals
NUM)

NUMO-NUM2 The three bits of the MIOP number. Derived from three toggle switches

00-07 An 8-bit register. O drives the data lines (DA)

OF0-OF7 Eight bits of fast access memory. OF contains the least significant three bits of the byte
address. OF also contains a duplication of some of the flags (see FS)

OFXH Logic signal. Transfers H to OF/IS

opP Logic flip-flop. Drives the data parity line (DAP)

ORD Logic flip-flop. Receives the data/order request (DOR) signal. Also used to gate the
conclusion of an AIO function

ORDIN Logic signal. Indicates that an order-in operation is currently being performed

ORDOUT Logic signal. Indicates that an order-out operation is currently being performed

ouT Logic flip-flop. Receives the input-output request (IOR) signal. Also used to gate the
conclusion of an SIO function

OX0 Logic signal. Clears O and OP

OXI Logic flip-flop. Transfers the I-register to O and transfers IP to OP

OXTORD Logic signal. Gates a terminal order to O

PC The parity check line from peripherals

PE The parity error line from core memory

PER The parity error release line from core memory

(Continued)
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Table 3-19. Glossary of MIOP Signals (Cont.)

Signal

Definition

PH1D1-PH14D1
PH1PD1-PH14PDI
PH1D2, PH2D2
PH1PD2, PH2PD2

PHD1X0
PHPD1X0
PLD1
PLD2
PLED1
PLED2
POK

PR

PR1

PR2

PRCH
PWDI1
PWD2
READ
RESET
RIO
RS
RSA
RSAIT
RSA2

RST

$15-531

SC
I/SENSEDI
I/SENSED2
SENSEnD]
SENSEDnD2
SIO

The 12 octally numbered phases associated with delay line 1. PHID1-PH14D1 are only used
during time TOD1, TID1, and T2D1, and when the delay line is inactive

The 12 octally numbered phases associated with delay line 1. PH1PD1~-PH14PD1 are only
used during times T3D1 and T4D1

The two phoses associated with delay line 2. PH1D2 and PH2D2 are only used during fimes
TOD2, T1D2, and T2D2, and when the delay line is inactive

The two phases associated with delay line 2. PH1PD2 and PH2PD2 are only used during
times T3D2 and T4D2

Logic signal. Clears PHID1-PH14D1

Logic signal. Clears PH1PD1-PH14PD1

Logic flip-flop. Pulses delay line 1 (causing one sequence of timing pulses TOD1 through T4D1)
Logic flip-flop. Pulses delay line 2 (causing one sequence of timing pulses TOD2 through T4D2)
Logic signal. Enables PLD1 to set

Logic signal. Enables PLD2 to set

A memory-generated signal indicating that there is no parity error (parity OK)

The proceed line to the CPU

Logic flip-flop. Gates the proceed (PR) signal to the CPU

Logic flip-flop. NPR2 gates the proceed (PR) signal to the CPU. PR2 is set when the CPU
responds to the PR signal by dropping the control strobe (CNST) signal

Logic flip-flop. Receives the parity check (PC) signal

Prevents starting delay line 1 until the delay line is clear

Prevents starting delay line 2 until the delay line is clear

Logic signal. Indicates that the current core memory cycle is a read cycle

Logic signal. Causes a master reset of the MIOP

The reset I/O line from the CPU

The request strobe line from peripherals

The request strobe acknowledge line fo peripherals

Logic flip-flop. Gates the request strobe acknowledge (RSA) signal to peripherals

Logic flip-flop. NRSA2 gates the request strobe acknowledge (RSA) signal to peripherals.
RSA2 is set when the peripheral responds to the RSA signal by dropping the request strobe
(RS) signal

Reset line to peripherals

A 17-bit register. S drives the address lines to core memory
The service call line from peripherals

Start pulse to delay line 1

Start pulse to delay line 2

Output taps from delay line 1

Qutput taps from delay line 2

Start I/O to peripherals

(Continued)
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Table 3-19. Glossary of MIOP Signals (Cont. )

Signal Definition

SPA3-SPA7 The address lines to fast access memory

SUB Logic flip-flop. If SUB is set, ADD = C -K15. If SUB is resef, ADD = C + K15

SX0 Logic signal. Clears the S-register

$X20 Logic signal. Forces $26 to set. This, in conjunction with SX0, forces a 0002016 address
into the S-register

SXBA Logic flip-flop. Transfers BA to S

TOD1-T4D1 The five timing signals generated by delay line 1

TiDID Logic signal. T1DID is TID1 delayed

TOD2-T4D2 The five timing signals generated by delay line 2

DV Test device to peripherals

TIO Test 1/O to peripherals

TORD Logic flip-flop. Indicates that a terminal order is to be sent to the peripheral currently
being serviced

TPE Logic flip-flop. Indicates that a transmission error has occurred. During most CPU-initiated
functions (HIO, SIO, TDV, TIO), TPE also gates the storing of the second status word in core
memory

TRA Logic signal. Indicates that a transfer in channel order is being processed

TRAI Logic flip-flop. Used to count the number of successive transfer in channe!l orders (two

successive transfer in channel orders will cause an error halt —see EH) and to indicate that
a word boundary has been crossed during a data-in or data-out operation. TRAI is also used
during an AIO function fo indicate that the device controller interrupt status (IS) within the
MIOP is associated with the responding device

TRR MIOP tester (JX58) reset

UNO-UN2 MIOP address

w Four-bit register. Drives the write byte indicafor lines to core memory

WX0 Logic signal. Clears the W-register

WX1 Logic signal. Sets the W-register

ZBC Logic flip-flop. Indicates that the byte count has gone to zero during a data~in or data-out
operation

ZBS Logic signal. Indicates that ADD = 0 (when SUB = 1 and K15 = 1)
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Figure 3-23. MIOP Fast Access Memory

Organization
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Paragraphs 4-1 to 4-6

SECTION IV
MAINTENANCE AND PARTS LIST

4-1 GENERAL

This section includes preventive maintenance procedures
and a parts list for the Sigma 5 and Sigma 7 MIOP, assem-
bly No. 117610, The applicable systems test monitor,
peripheral equipment systems test, and MIOP test programs
are listed in paragraph 4-5.

4-2 PREVENTIVE MAINTENANCE

All the documents listed on the Assembly of Maintenance
Documents should be available at the site. They should be
complete and should accurately reflect the change level of
the equipment. Field change record stickers should be
applied to the equipment according to Tek-Tip 65~50-32
and should reflect the change level of the equipment.

4-3 EXTERNAL VISUAL INSPECTION

External surfaces of the equipment must be kept clean and
dust-free. Doors and panels must close completely and be
in reasonable alignment. The fops of cabinets must remain
cleared to allow free intake and exhaust of air.

4-4 INTERNAL VISUAL INSPECTION

The interiors of equipment must be free of wire cuttings,
dust, spare parts and other foreign matter, No clip leads
or push-on jumpers should be in use during normal opera~
tion and all cables must be neatly dressed by clamps or
routing. All chassis and frames must be properly bolted
down, with all hardware in place. Air filters should be
checked for cleanliness and replaced periodically.

4-5 MIOP TEST PROGRAMS

The applicable test programs are listed in table 4-1, The
Sigma 5 and 7 System Test Monitor and peripheral system

test programs should be run to test the system. If it is de-
termined from these programs that a malfunction exists in

the MIOP, the Sigma 7 Multiplexing Test program should
then be run to locate the malfunction.

4-6 PARTS LIST TABLE

The MIOP consists of the modules listed in table 4-2, The
table is arranged in six columns as follows:

a. Figure number that shows the location of the
module.

b, Brief description of the module.

c. Reference designator (slot and chassis number)
of the module,

d. Name of the company that manufactures the
module,

e. Assembly part number of each module.

f. The quantity of each module required for each
MIOP,

The location of each module is shown in figure 4-1,

Table 4~1, Checkout Programs for MIOP

Publication

Number Title
901076 Sigma 5 and 7 Systems Test Monitor
201085 Sigma 5 and 7 Buffered Line Printer

System Test

901086 Sigma 5 and 7 Keyboard-Printer
System Test

9010%0 Sigma 5 and 7 Medium-Speed RAD
File System Test

901110 Sigma 5 and 7 9-~Channel Magnetic
Tape System Test

901120 Sigma 5 and 7 Card Punch System
Test

901121 Sigma 5 and 7 Card Reader System
Test

901122 Sigma 5 and 7 Paper Tape Reader/

Punch System Test

901126 Sigma 7 Multiplexing Test
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901515A. 401
Figure 4-1. MIOP Module Location Chart
Table 4-2, Multiplexing Input/Output Processor, Replaceable Parts
Fig. & i Reference .
Index No. Description Designator Manufacturer Part No, | Qty
4-1 Multiplexing Input/Output Processor SDS 117610 Ref,
Model 8471 (Sigma 7, basic)
Model 8472 (Sigma 7, additional sub-
channels)
Model 8271 (Sigma 5, basic)
Model 8272 (Sigma 5, additional sub-
channels)
. Cable Receiver AT10 14B SDS 123018 1
. Cable Driver-Receiver AT11 14A, 16A, 10A, SDS 123019 6
18A, 32A, 1D
. Cable Driver AT12 12A, 14C SDS 124629 2
. Cable Driver AT13 12C SDS 125260 1
. Clock Driver No., 2 AT24 12C SDS 128168 1
. Band Gate BT11 13A, 15A, 2B, 58, SDS 116029 9
10B, 15B, 28B,
21C
. Delay Line DT11 5D, 11D SDS 126963 2
. Increment-Decrement Register FT23 268, 278, 298, SDS 126749 5
308B, 31B
(Continued)




Table 4-2. Multiplexing Input/Output Processor, Replaceable Parts (Cont. )

SDS 901515

Fig. & - Reference
Index No. Description Designator Manufacturer Part No, |Qiy
4-1 . Buffered Laich No, 1 FT24 1A, 2A, 5A, 6A, SDS 126745 19
118, 12B, 238,
24B, 5C, 6C, 10C,
23C, 24C - 30C
. Fast Access Memory FT25 11D-30D SDS 126743 20
. Buffered Latch No, 3 FT26 21A-25A SDS 126856 5
. Buffered Latch No, 2 FT27 26A, 31A, 7B, 8B, SDS 126986 6
21B, 22B
. Delay Line Sensors HT15 6D, 8D SDS 127391 2
. Gated Inverter IT16 17A, 27A, 178, SDS 125264 5
20B, 2C
. NAND Gate IT25 4A, 9A, 11A, SDS 128190 12
29A, 16B, 19B,
1C, 11C, 16C-
19C
. Parity Generator LT12 28A SDS 123185 1
. Buffer Inverter No. 1 LT13 8A, 30A, 3C, SDS 123016 4
20C
. Logic Element LT21 3B, 6B, 4C SDS 126615 3
. Switch Comparator LT26 13C SDS 126982 1
. Terminator Module XT10 7A, 20A, 4B, 25B, SDS 116257 8

328, 8C, 15C,
10D
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