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~--------~~--------------------------------------,----------------------------------------------------~ 

1. 0 SCOPE 

1.1 This specification covers the actions and responses required at the DCjIOP, cpu/IOP, and Memory/IOP 

interfaces and the design requirements of the free standing selector lOP to be used with the Sigma computer series. 

2.0 APPLICABLE DOCUMEKlTS 

2.1 Selector lOP Planning Specification, Sigma Document 182 

2.2 I/O System Product Planning Specification, Sigma Document 156 

2.3 Specification, Central Processing Unit, Dwg. No. 117336 

2.4 Specification, Design 8-Bit Data Path Interface, DwU. No. 123382 

2.5 Specification, Sigma/De Ita Core Memory, Dwg. No. 117653 

2.6 Specification, Design, Four Byte Data Path Interface, Dwg. No. 137556 

2.7 Selector, lOP SpecificatIon Addendum, Sigma Document 256 

2.8 Revised Selector lOP Product Factoring, Sigma Document 260 

SjD\5 t-------------__ ... -
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3.0 REQUIREMENTS 

3. 1 lOP Functiona I RequIrements 

3. 1. 1 CPU I/O Instructions 

On command from the CPU, the lOP shall perform the required operations associated with the SIO, TIO, HIO, TOV, and 

AIO instructions. 

3.1.2 Devi ce Contro IIer Servi c t ng 

The lOP shall perform the operations for the following types of Device Controller service operations: 

3.1.3 

Service Ca II 

Data Out 

Data In 

Order Out 

Order In 

Interrupt 

Operating Speed 

The Selector lOP shall be capable of exchanoing data with a non-interleaved core memory at:maximum memory rate' 

(one e}'e Ie every 850 nanoseconds). The S/IOP.sha" be car,a: .. le of transferring data to and from a device. 

contra IIer at a max imum rate of 1. 25 mi" ion transfers a second, a transfer may be 1, 2, or 4 bytes wide. 

-' 
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3.2 BASIC FEATU RES 

The Se lector lOP provides for the couplIng of the CPU and memories to very high speed peripheral devices. These devices 

may have data rates that would exceed the bandwidth of the Multiplexing lOP or would use up such a large percentage 

of that band width as to make it impractical to run any other device concurrently. Capability is built into the lOP which 

allows it to direct and control I/O opera1'ions by executing a command list prepared by the CPU. 

The lOP has memory addressing format capability for working with memories as large as 1,048,576 words. However, it will 

be mechan ized to hand Ie memories on I y as largo as 131, 072 words (524, 288 bytes). 

The baste DC/IOP In1'erface has I/O unlt addl"E3sstng cOi)oblllty for up to 136 Device Controllers. Howover, 32 DevIce 

Controllers may be connected and only one Device Controller may be in operation at a Hmo. Concurrent operaHon of 

two or mOI'O DevIce Controllers on a sing Ie S/IOP is not permitted. 

The Selector lOP may operate with Device Controllers having ct one-byte, two-byte, or four-byte wide data path. 

3.3 OPTIONAL FEATURES 

ASelector lOP may be supplied with an optiont')\ core memory bus-sharing feature. ThIs optional feature, when installed 

in the lOP, enables the lOP to time-share a core memory bus with another Selector lOP if the other Selector lOP also has 

the optiona I bus -shari ng feature. 

3.4 lOP INTERNAL OPERATION 

The Selector lOP is a passive link between core memory and the Device Controllers connected to the lOP. 

Once an I/O operation has been initiated by the CPU, the operation is performed to completion, independently, by the lOP, Dovicc 

Cord':o I \..:r I C1 nd Core Memory. The .10P will. porforrn core memory U GCf:SS0S, os requ ired by i-he Device Con~·ro Iler, r.t nd update cu rreni' 

Sf) S -. F - 1 1? ( t1 /6') ) 

TITLE 

PRODUCT DESIGN SPECIFICATION 
INPUT/OUTPUT PROCESSOR, SELECTOR 

F"'Ilr,l,w 
~Iwl~ 

t-__ ~_1_3_39_9_1 __ -::---Jl-f=--]] 
SHEET 5 OF )'0 



command information. The lOP will also record lOP status for future interrogation by the CPU. During a record l a new 

command may be loaded by the lOP - making scatter reads cmd gather writes possible (data chaining). At the end of a 

record, a new command may be loaded by the lOP and an order sent to the Device Controller - allowing mulHple record 

operations to occur without CPU reinitiCltion (command chaining). The maximum number of devices that may be attached 

to a Selector lOP is 32. A Selector lOP allows only one of the several possible devices attached to it to be in trans

mission opercttion at a given time. The Selector lOP also allows (1 Device Controller to exchange a complete record with 

core memory as the result of a single service request from tho Device Controller. The Selector lOP will exchange data 

with a Device Controller unti I the Device Controller terminates the exchange or until the entire record hCls been trClns

mitted as indicated by count done. Limitations on data chaining and number of device controllers that may be connected 
are functions of device speed, interface width, and cable leng1'hs. 

The lOP shall perform the operations described in this section in response to service calls from the CPU or from Device 

Controllers. Specific interface responses are described in Sections 5.0, 6.0 and 7. O. 

3.4. 1 CPU Scrvi ce Ca lis 

The lOP shall respond to service calls from the CPU and perform the following operations: SIOI HIO I TIOI TDV, and AIO. 

The lOP shall respond in a manner dependent on the state of the lOP such that CPU interference to data transfer between the 

lOP and core memory is minimized. Each lOP shall have the facility for assignment of the lOP address by the setting of 

switches on a switch module type LT26 (SDS Part No. 126982), located within the lOP. 

SIO 

The lOP shall decode and recognize the SIO function and shall decode the lOP address lInes. If no address recognition, the 

lOP's shall pass the Control Strobe along to the last lOP and the Control Strobe shall be returned to the CPU on the Proceed 

line. If the addressed Selector lOP is busy, (whe·ther or not engaged in service) with a Device Controller as the result of a 

SDS-E-112(4/65) 
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previous S10, the Instruction shall be partially executed. (tho condition codes shall be sent signifying that the lOP was busy). 

If the lOP address is recognized and the lOP is not Busy, the lOP sha \I access cell 20* for the Device address and the 

comrnand address" If a memory parity error Is detected at ihis point, 1-he lOP shall terminate the operation and send the 

Proceed sign,,1 with appropriate condition codes. If there is no memory parity errorr the lOP transmits the SIO function 

Indicator and Dovlca address at tho Device ConiTollor interface c.md walts for q response. After receiving the responSfJ 

from i-he Device Controller the lOP loads cells 20'}: and 21"': if requested by the CPU and sends the appropriate condItIon 

codes and Proceed signal to the CPU. 

TIO r TDV 

These operations are performed in a manner simi lar to the SIO operation. If the lOP Is Busy and currently responding to a 

Device Controller service request then the lOP partially executes the operation. (condition codes are sent signifying the lOP 

l)~)5'lf sL~bJ ); otherwise, the TIO or TDV operation is normally executed. 

HIO 

The HIO operation is performed in a manner similar to the SIO 0l.wration and is always normally executed. Ifr when the 

CPU requests the lOP to perform an HIO operationr the lOP is currently servicing a Device Controller service request 

then the lOP terminates the Device Controller service and i-hen responds to the CPU request. 

Ala 

The lOP shall decode and recognize the function. If no in1-errupt is pendingrthe IOP'sshall pass the Control Strobe along 

to the last lOP which shall return the strobe to the CPU on t-he Proceed line with the appropriate condition code settings. 

The lOP with the highest priority and an interrupt pending shall terminate 'an ongoIng ,DeviceControlle'r service.and th~n 

f"ClS5 l~h.; AIO function indicator along to the Device Controllers. 'The lOP sholl then ·wait. for the ,highest-priority Device 

Controlkr with intcrru;:.t pe!lding to respond with Device/Device Controller address and status. Tho lOP shall thort complete 
the AIO operation by writing the IOP/Devic,~ ... ~--. ---
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Controllcr/Devlce address and status in cell 20~- and sending condition codes and Proceed signal to the cpu. 

3.1.3.2 Device Controller Service Calls 

The Selector lOP shall respond to Device Controller service calls as described in Section 7.0 and perform the following 

operations: 

Order Out, Order In, Data Out, and Data In 

Data Exchange 

The lOP shall perform exchanges of Data between the Device Controller and memory in response to Data In/Out reguests 

from the Device Controller. Since the Device Con'troller delta path may be ono, two, or four bytes wIde ahd the It\enldl"y 

data paf-h is four bytes wide and a Iso since the Device Controller mc.1Y exchange any number of bytes wif'h any starting memory 

byte address, then the lOP shall be responsible for tho proper assembly orid disassembly of data durina thf;~S(.; vXCh:-HlOCS i.~nd 

fo," 1'ho con1'rol of partial-word or full-word writing in core memory dul'ing a Da1'c1 In operct1'ion. Data buffering shall bo 

provided to allow for memory port interference, data alignment within the lOP, data chaining, and delays in the lOP 

dota pClth. 

Data Out 

Duri ng Dota Out operations the 10 P sha II access the memory location determ incd by the current byte address and load the 

dota into the do to buffer .(16okahead is em'i) loyed to keerj' the dota buffer fi lied).' In response to Device'Controller Request 

Strobes the lOP shall' access the databuffer;:t1lign fhe data as required by the stdte of the,'byteaddress and byte count registers, 

generate odd parity for a one byte data path,'and trcmsmit the.data .to i-he Device Confroller. As Q,functionof the byte count 

decrementing to zero and tho data. chaining flag the IOPsha11 perform dcita chaining operations. The data exchange shall be 

terminated ,if either the D.evJce ConfToller:,or rop signals, end da.ta. 
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Data In 

During Data In operations the lOP sha II, in response to Device Controller Request Strobes, perform one-byte odd parity 

ch:.:;cks iF foqU()ster] by the Device Controller and load the data buffer. Detecting that the data buffer is not empty the 

10 P sha II a I ign the data as a function of the stoto of the byi'o address and by1'e count registers, access the core memory 

10cCltion designated by the current byte address, and control partial or full write core memory operations. The lOP shall 

increment, if a forward operation, or decrement, if a backword or,eration, the byte address register and shall decrement 

the byte count register each time a core memory access is made. When the byte count has decremented to zero the lOP 

shull perform dClta chaining if 1'he data chain flag is true. The delta exchclllge sholl be terminatedif.-either the Device 
Contro ller or 10 P signa I end data. 
Order Out 

During Order Out operations i·he lOP shall access the core memory doubleword designated by the command address register, 

send the order to the Device Controller, store the flags, byte address, and byte count and terminate the operation. 

Order In 

During Order In operations the lOP shall accept the Operational Status Byte from the Device Controller. The Device 

Contro lIer may report any of the followi ng conditions in the Operationa I Status Byte: Tra nsm ission Error, Incorrect Length, 

Chaining Modifier, Channel End, or Unusual End. The lOP shall lake action approprictte to the conditions reported by the 

Device Controller and terminate the operuHon .. 

Terminal Orders 

The lOP shall terminate each Device Controller service sequence with a Terminal Order. ThalOP may report in the 

Terminal Order any of the following conditions: Interrupt, Count Done, Command Chain, or lOP Halt. 
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3.5 SYSTEM INTERCONNECTION 

The lOP shall interconnect with the CPU, memories, and Device Controllers as shown in Figure 3.1. lOP's shall be 

connected by cables to the CPU in a trunk-tall fashion for the purpose of interrupt priority determInation. AddressIng 

of 0ight lOP's is permitted. All lOP's connected to a given CPU shed I be connected to the memory bank containing 

coils 20',': and 21* for that CPU. However, all IOP's need not be com10cted to all memol'lcs .. Device Contl"ollers 

shall be connected to the lOP in trunk-tail fashion CIS shown. 

The Selector lOP may be connected to Device Controllers with a one, two, or four-byte data path. Figure 3.2 shows, for 

example,' how thIs may be done·'with a one and four-byte path.: Figure 3. 3 shows how bus-shorIng Selector lOP's may be 

connected to core memory. 
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Figure 3.3 
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4.0 INTERFACE SIGNAL TRANSMISSION 

4. 1 GENERAL 

All interface signal exchange shall be via AT10 Cable Receiver modules (SDS Part No. 123018), ATll Cable Driver/Receiver 

modules (SDS Part No. 123019), AT12 Cable Driver modu les (SDS Port No. 124629), or AT13 Cable Driver/Receiver modu Ie 

(5DS PCirt No. 125260) as used throughout the Sigma systetn. Communication shall be via terminated shielded wire having a 

nominal impedance of 33 ohms. 

4.2 CABLE CHARACTERISTICS 

The cable consists of 14 shielded wIres (transmission lines) as specified under SDS PClrt No. 101787. Nominal cable (wire) 

cha racteristi cs are: 

Characteristic Impedance 

DC Resistance (Center Conductor) 

DC Res istance (Sh i e Id) 

Inductance 

Capacitance 

Signal Delay 

4.3 SIGNAL CHARACTERISTICS 

33 ohms 

23 rni II iohms/foot 

10 milliohms/foot 

50 nanohenry /foot 

50 picofd/foot 

1.4 ns/fo01' 

Logical One = +2 volts DC (Driver output = low impedance) 

Logical Zero = 0 volts DC (Driver output :::: high impedance) 

4.4 CABLE CONNECTORS 

Connectors are SDS Part No. 115833. These connectors provide for mating with 14 printed wiring contacts on cable plug 

modules. Two cable connectors can connect to one cable plug module to facilitate "Trunk-Tail" type interconnections. 
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4.5 CABLE TERMINATION 
· .~: 

CGblcs shall be terminated at the extremities with 33 ohm resistorsJoground. The termln(~1'ingloads shoJI be a port of thc.terminotor 

plug assembly SDS Part No. 127315 that connects to the Cable Driver/Receiver module. 
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~------------~--------------'------------------------~~. ~------------ ---------------------_._ ...... -
5.0 MEMORY INTERFACE 

5.1 SIGNAL CONVENTION 

Signal exchange shall be via ATll Cable Driver/Receiver modules and AT12 Cable Driver modules. The signals will use 

a convention of +2 volts as true logic. 

5.2 SUSSES 

Each Selector lOP shall have a bus for InterfacIng with core rnenlodcs. Two Selector IOpls may; however, share ct cora 

memory bus if the Bus Share option Is present in both 

An lOP shall use only a single memory bus and shall not make a memory request before receiving an Address Release signal 

or (m Address Here false signal from the prior request. 

5.3 CELLS 20 AND 21 

The Selector lOP uses mem~r'y cells 20* and 21 * when responding to CPU requests for service. It shall be a requirement 

that the memory (memories if interleaving is used) that possosses lOP memory cells 20~\" and 21 *, must also possess CPU 

memory cells 20"k and 21"}:. This requirement shall also be true for (In lOP which is to provide the CPU with its initiC11 

informcttion during a bootstrap load operation. 

5.4 PORTS 

The lOP shall normally be connected either to memory port A or memory port B (memory port A h(lving highest priority). 

However, there shall be no special form of implementation which would preclude the lOP from using port C. 

5.5 SIGNAL LINES INTERCONNECTING lOP AND MEMORY ---------------------------------------------
The lines tabulated below shall interconnect the IOPand memory: (In the table, X refers to one of memory ports A, B, or C). 
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5.5 (cont'd) 

Description 

Data Signals 

Address S I9na Is 

Address ~'Iere 

Address Re lease 

Dcti'a Gate 

Puri ty Error 

Purity O. K. 

vVrite Byte Signa Is 

Memory Request 

5.6 SIGNAL TIMIN G 

Designation 

/MX.O/ thru /MX.31/ 
/LX 15/ 1-hru /LX31/ 

/AHX/ 

/ARX/ 
/DGX/ 

/PEX/ 

/POI<X/ 

/MWOX/ thru /MW3X/ 

/MQX/ 

Number 
of Lines 

32 

17 

1 

4 

I Direction of Signal Flow 
I lOP to Memory Memory to lOP 

x x 

x 

x 

x 

x 

x 

x 

x 

x 

Timing of the sIgnals described in 5.5 shall conform to the following: (All times as measured at lOP/Cable interface). 

5.6. 1 DATA LINES 

5.6. 1. 1 Data Input to Memory 

During a core memory write operation signals on the data lines (MXO thru MX31) shall be present and stable within 120 nanoseconds 

after the Memory Request (MQX) is given •. The data lines sha 1\ remain stable for 0 rni nimum. of 160 nanoseconds after the Address 

Release signal is received: by jhe lOP for a full write operation or the Parity OK signal is received by the lOP for a partial write 

operaHon. 
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5.6.1.2 Data Output from Memory 

During a core memory redd operation, signals on the data lines are strobed by the Data Gate signal into the lOP memory 

int-erface register. The data signals shall not change during the interval 80 nanoseconds before Data Gate falls until 

65 nanoseconds after Data Gate fa lis'. 

5.6.2 ADDRESS LINES 

Signuls on the Address Lines (LX15 thru LX31) sholl be stable not less than 90 nanoseconds before the Memory Request signed 

rises and sholl remain stable until 20 nanoseconds after the Memory Request signal has been dropped by the lOP. 

5.6.3 DATA GATE SIGNAL 

The Data Gl1te signal strobes data into the lOP memory interface register during a core memory read operation. The Data 

Ga1'e si9nal shall be a positive-going pulse not less than 80 nanoseconds in duration. 

5.6.4 PARITY ERROR AND PARITY OK 

The Parity Error (PEX) and the Pority 01< (POI<X) signals shall be positive-going pulses not less than 70, nanoseconds wide 

and shall indicate the result of the parity check performed during a memory read or partial write operation by the memory. 

5.6.5 WRITE BYTE SIGNALS 

During a Memory full-write or partial write operation, the Write l3ytc (M'NOX i·hru MX3X) signals shall designate the memor}' . 

byte or bytes into which data is to be written. These signals shall be present and stable within 120 nanoseconds after the 

Memory Request signal. They shall be present until the Address Release Signal is received at the lOP. 

5.6.6 MEMORY REQUEST SIGNAL 

The Memory Request signal shull come true when the lOP wishes to make a memory access. This signal shall remain true 

until the lOP receives i-he Address Release signal or the Address Here signal is false when strobed. 
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5.6.8 

ADD~ESS RELFApE SIGNAL 

The Address Release shall be a poaitivc"'going pulse not less than 80 nanoseconds in duration 

that designates to the IOP that the address lines may be changed and that the Memory Request 

line may go falea~ 

AI?.'QBESS HERE 

trho Adch'esB lIU1'*O line when tt·uo shall designate to tho IOP that tho uddress codocl on l1nosLA15 through 

LA31 is an addrcsa imp lamented in the memory to which the lOP is attached. '1.110 Address Here 

line shall be strobed no sooner than 260 nanoseconds nfter the Address Lines have sattled. 

5. 7 CABLE L}':N'.jTlIS 

The total lOP/i·femory cable length shall not exceed 40 feet to the furthest Memory port. The 

lOP 'may drive cables in two directions in order to 11li'uimi.ze the c.able length. All ca'0les 

in the bus interconnecting and lOP with a particular Memory port shall be of the Burna nominal length. 

5.8 CABLE CONNE,C'1:0,R PIlT ASS ICt~HEnT 

Five cables are required to interconnect the rcp and memory. The pin assignment of signals in 

those cub1es ut the Cable Driver/Receiver and Cable connector in.terface shall be as specified below: 

I 
TITLE 5-, ir"1ft~ 

JU lliM1 

PROD1JCT DESIr;N SPECIJ?ICATION 

INPU'J'/OUTPUT PROCESSOR, SELECTOR 133991 
______ --------------------------------------~--------------------------------------~-S-H-E-·E-T---1-9-------0-F-----_-L-9~~:::~~=~~l 

E 
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Coble 1 

Connector 
Pin 

2 

1 

4 

3 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

eere~·\4·'_=c.. .,. 

Signa I Desig. 
at Connector 

/tVIXO/ 

/NV<l/ 

/MX2/ 
/Jv\)(3/ 

/MX4/ 
/tv'0(5/ 

/NV(6/ 

/fVlX7/ 
/MX8/ 
/MX9/ 

/lv\X10/ 

/MX11/ 

/MX12/ 
/MX13/ 

TITLE 

r.:l,"*;r -.. ____ .. _______ ~"t't;'I,.~t 

ATll Cable Driver/Receiver Module 

Signal Functtona I Description 

Data Line, Port X 
II 

" 
" 

" 
" 
II 

" 
II 

" 
" 
" 
II 

II 

PRODUCT DESIGN SPECIFICATION 
INPUT/OUTPUT PROCESSOR, SELECTOR 133991 I I:: l 
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","""""","'~~. 

Cable 2 

Connector 
Pin 

2 

1 

4. 

3 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

~......,;u..cV •• "-,,,~~,u .. ~'~'-~~"~a 

AT11 Cable Driver/Receiver Module 

Signal Desig. 
at Connec1'or Signc.11 Functional Description ._-----

/MX14/ Datcl Line, 

/MX15/ 

/1v\)(16/ 

/MX17/ 

/MX18/ 

/MX19/ 

/MX20/ 

/MX21/ 

/MX22/ 

/MX23/ 

/MX24/ 

/MX25/ 

/"AX26/ 

/MX27/ 

TITLE 
PRODUCT· DESIGN SPECIFICATION 
INPUT/O'UTPUT PROCESSOR, SELECTOR 

" 
.. 

" 
" 
" 
" 
II 

II 

" 
" 

" 
II 

" 

Port X 

F!MIS"· ~lUI·. ··1 
133991 I E:: I 
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Cable 3 ATll Cable Driver/Receiver Module 

Connector Signal Desig. 
Pin at Conr1octor Signa I Functional DescrIption ------
2 /MX28/ Da1'o Unc, Port X 

1 /MX29/ " 
4 /MX30/ " 
3 /MX31/ II 

5 /LX29/ Address Line, Port X 

6 /LX30/ Address Line, Port X 

7 /LX31/ Address Line, Port X 

8 /MWOX/ Memory Write Byte Line, Port X 

9 /MW1X/ Memory Write Byte Line, Pori' X 

10 /MW2X/ Memory Write Byte Line, Port X 

11 /MW3X/ Memory Write Byte Line, Port X 

12 /DGX/ Data Gate Line, Port X 

13 /EDRX/ * Early Data Release Signal 

14 Not Assigned 

* Not used by 10 P 

51D\5 TITLE 
PRODUCT DESIGN SPECIFICATION 
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~----~--~--------------------------------------.----------------~-------------------------

Cable 4 

Connector 
Pin 

2 

4 

3 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Signa I Desig. 
at Connector 

/LX15/ 

/LX16/ 

/LX17/ 

/LX18/ 

/LX19/ 

/LX20/ 

/LX21/ 

/LX22/ 

/LX23/ 
/LX24/ 
/LX25/ 

/LX26/ 

/LX27/ 

/LX28/ 

AT12 Cable Driver Module 

Signal Functional Description 

Address U ne, Port X 
II 

" 
II 

II 

II 

II 

II 

" 
" 
" 
II 

II 

II 

;~;~UCT DESIGN SPECIFICATION t-5_·~_\[J_,iS_. ___________ -..-1 
INPUT/OUTPUT PROCESSOR, SELECTOR 133991 f\.,. i 
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Cable 5 

*Not used with Selector lOP 

(1) Port Conly 

Connector 
Pin 

2 

1 

4 

3 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Signal Desig. 
at Connector -----.---

/MG1X/ 

/AHX/ 

/ARX/ 

/DRX/ 

/PEX/ 

/SRAX/ 

Not Assigned 

/ABOA/ 

/POI<X/ 

/MR/ 

/ORX/ 

/ORIL/ 

/HOF/ 

/MFR/ 

* 

-A' 

* 

* 

* 

* 

AT11 Cable Driver/Receiver Module 

Signal Functional Description 

Request for Memory Access, Port X 

Address Here, Port X 

Address Re lease, Port X 

Data Ro leclse, Port X 

Parity Error Signal, Port X 

Second Request Allowed 

Abort Memory Loc kout Signa I 

Purity 0 I< Signa I, Port X 

(1) Memory Reset 

Override Port 

(1) Override Interleave 

(1) Halt on Fault 

(1) Memory Fault Reset 

TITLE SjO\S I 
PRODUCT DESIGN SPECIFICATION t-----------------J
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6.0 CPU INTERFACE 

6.1 SIGNAL CONVENTION 

Signals ~hdll be exchanged via the AT13 Cable Driver/Receiver module, 5DS Part No. 125260. Unless otherwise stated, 

the signals shall use a convention of +2 volts as true I,ogtc. 

6.2 SIGNAL LINES INTERCONNI:CTING lOP AND CPU • t _ ... __ _ 

10 pIS sha II be connected ina tt1i1-trunk fash ion to a CPU (15 shown in Figure 3. 1. The 10 pIS sha 1\ be arranged in a priority 

sequence such that duri ng the execution of an AIO instruction the 10 P nearest to the CPU with an Interrupt Request pendi n9 

shall respond to the CPU request for service. 

6.2.1 The lines tabulated below shall interconnect the lOP and CPU. 

Dcscri pti on 

Function Code 

10 P Address 

Not Condi tion Code 1 

Not Condi tion Code 2 

Clock 1 - MHz, Source 

Reset I/O 

Interrupt Request 

Proceed 

Control Stobe 

I 
i 

~ 

! 
~ r 
l 
t 

I 
f 
J 

~ 

~ 

Number 
Designation of Lines 

/FNCO/ thru /FNC2/ 3 

/IOPAO/ thru /IOPA2/ 3 

/NCONDl/ 

/NCOND2/ 

/CllS/ 

/RIO/ 
I 

/IR/ I 
/PR/ l 

I 

/CNST/ ! 

1 
! 

Direction of Signal Flow 
lOP to CPU CPU to lOP 

x 

x 

x 

x 

5\D\5 

I 
I 
i 
I 
~ 
f 

133991 

x 

x 

x 

x 

x 

[~T;~~~CT DESIGN S~ECIFICATION 
INPUT/OUTPUT PROCESSOR, SELECTOR 

.... '*"~~.olI'Jl/I ...... ;.:. .. 4.· ..... w" ••• ~_ ..... ~.oI~ ..... t.w _____________ c ___ . ~~L~ ............... ~~-.u.IOW.l..~."'''''''M'''''~''''''''.'. 0; '~_~IIII'_' _' 

SDS -E- \ 1 ?l~. /65) 

I 
1 
I 
I 
I 

I 

f 



-----... ,'~,,--~ 

6.2.2 The utilization of the lines interconnecting the lOP and CPU shall be as follows: (TimIng of signals is as 

measured at the lOP/Cable Interface). 

6.2.2.1 Function Code Lines: The CPU shall place on these lines signals representing i-he I/O instruction being 

executed. During a CPU request for service, sIgnals on these lines shall be interpreted as follows by the S!IOP: 

/FNCO/ 

/FNC1/ 

/FNC2/ 

SIO 

o 
o 
o 

TIO 

0' 

o 

TDV 

a 

a 

HIO 

o 
Ala 

o 
The signals on these lines shall be settled 250 nanoseconds before the Control Strobe (CNST) is driven true and shall remain 

settled for 25Chanoseconds after the Control Strobe is released. These times as measured at the lOP/Cable interfclce. 

6.2.2.2 lOP Address Lines: The CPU shall place on those lines coded signals representing the address of the lOP from 
----~----~-,-. --

which service is requested during the execution of SIO, TIO, TDV, or HIO instructions. Wilen the Function Code lines (Ire 

coded re;.;prcscnting SIO, TIO, TDV, or HIO operations, the lOP sha II COll)pare the s1-ate of the lOP Address lines with the 

sta1"e of switch contacts wi1-hin the lOP that designates the lOP address. If the two sets of signals compore (lOP address 

recognition) then the lOP shall respond to the Control Strobe siunClI. 

When tho Function Code lines are coded representing the AIO operation then the lOP Address lines shall have no mcanin;j 

Tho si gna Is on these I I nes sha II be settled 250 nanoseconds before the Contro I Strobe is driven true and sha II remain settled 

for 25Q1anoseconcls after the Control Strobe is released. These times are measured at the lOP/Cable interface. 

TITLE 
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--------------------_._------------_._----' ... _-, 

6.2.2.3 Control Strobe: The CPU shall drive this line during the execution of an I/O instruction to request service 

from an lOP. The lOP shall respond to the Control Strobe as follows: 

If the Function Code lines designate an SIO, HIO, TIO, or TDV operation cmd lOP address recognition exists 

or if the Function Code lines designate an AIO operation and the Interrupt Request line is true then the lOP shall respond 

to the ConiTol Strobe and shall not pess the Control Strobe along to the next lower priority lOP. Response of the lOP to 

specific fun(~1"ion codeswill be described in later parugraphs. If an SIO, HIO, TIO, or TDV operation is designated ctnd 

no lOP address recognition exists or if an Ala operation is designated cmd the Interrupt Request line is fctlse then the lOP 

shall not respond to the Control Strobe but shall poss the Control S1Tobe along to the nex't lowest priority lOP. If, however, 

the lOP is designated as the last lOP on the tail-trunk coble by the state of a switch contC1ct in the lOP, then the lOP shall 

cause the Proceed signol to be driven true and sha II drive no oth'Jr lines. 

6.2.2.4 Not Condition Code Lines: The S/IOr may norrnolly or partially execute the response to a CPU request for 

service. Tho SIO, TIO, or TDV operations may either be normully or partially executed. The HIO and Ala operations 

shall always be normally executed -- this may involve prernCfturely terminating a Device Controller requested service by 

the lOP. Normal execution of the operation involves accessing data from core memory (except for Ala), communication 

with a device controller (if no memory pC1rity error while rcading memory), F)Osslble storing of da1'o in core memory, and 

control of i·he NCONDl and NCOND2 lines. Partied execution of the opcraHon involves only controlling the NCONDl 

and NCOND2 lines. If during normal execution of an 510, TIO, TDV, or HIO operation the lOP detects a memory parity 

error while accessing cell 20-11' then the lOP shall not communicate with any Device Controller and shall hold NCONDl and 

NCOND2 false. During normal execution oLan SIO, TIO, TDV, or HIO operation if no memory parity error is detected 

while reading cell 20* the lOP shall drive the NCONDl and NCOND2 lines with the same state that the Device Controller 

dictated on the DOR and lOR lines respectively.· 

SOS -E-112( 11/65) 



6.2.2.4 During the execution of an AIO operation the lOP shall drive the NCONDl and NCOND2 lines as dictated 
(c ,';n 't) 
Ly the Device Controller; however, if the responding Device Control lor has the address stored by the lOP and an Unusual 

End interrupt is pending then the SIIOP shall hold 1'he NCOND2 line false. 

During partial execution of an operation f'he S/IOP shall hold the NCONDl line false and drive the NCOND2 line true. 

Tho slgnols on these lInes shall be sef·tlod before tho PI'()ceod SiOfWI is ddven true (mel sh(tlll'emoln settlod until tho rolease 

of i'he Control Strobe. 

6.2.2.5 Proceed Line: In response to a CPU request for service on the Control 51-robe line the lOP shall drive the 

Proceed line to indicate termination of the service. The Proceed line shall operate in a closed-loop manner with respect to the 

Control Sf-robe line; i. e., the lOP shall raise the Proceed line in response to the CPU raising the Control Strobe line and shall 

drop the Proceed line in response to the CPU dropping the Control Strobe line. 

Partia I Execution: 

During partial execution of an SIO, TIO, or TDV opera1'ion the S/IOP shall respond to the Control Strobe by driving the 

NCOND2 and Proceed lines true immediately. 

No Address Recognition: 

During the response to an SIO, TIO, TDV, or HIO operaHon with no address recognition or to an AIO operation with the 

Interrupt Request line false the S/IOP shall not respond to the Control Strobe but shall pass the Control Strobe along to the 

next lower priority lOP. However, if the S/IOP is designaf'ed as the las1" lOP on the tail-trunk cable interconnecting lOP's 

with the CPU then the lOP shall respond to 1·he Control Strobe by holding NCONDl and NCOND2 false and driving the 

Proceed line true immediately. 

SDS -E-l1 ?(4/65) 
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Norma I Execution: 

If duri ng norma I execution of an SIO, TIO, TDV, or HIO operation the 10 P detects a memory parity error wh ile accessing 

cell 20-k thcn the lOP shall hold the NCOND1 and NCOND2 lines false and shall drive the Proceed line true immediately. 

If during normal execution of an, SIO, TIO, TDV, or rHO operation the lOP does not write in momory cells 20* or 21 * then 

the 10 P sha II respond to the Control Strobe after roce ivi ng tho Devi ce Contra Iler cond iHon code response on the DaR and 

lOR lines. 

If the lOP writes In memory cells 20* or 21 * then the lOP shall raise the Proceed line after receiving an Address Release 

signa I from core memory in response to the last Memory Request. 

6.2.2.6 Interrupt Reguest Line: The lOP shall drive this line tru~ when making a standard 1/0 interrupt request. All 

interrupt t'cquesi's from Device Controllers attt1chod to an lOP are funnelled to this line vicl the Interrupt Call Itne at the 

Device Controller interface. This line shall go false during the execution of all' I/O :hi~t.;):uct:ions. l.fan inte.rrupt 

is than tJtil1 pending this line shall again 'be driven true. 

6.2.2.7 Reset I/O Une: The CPU shall drive this line true when the I/O system is to be initia)ized. The lOP 1n response 

1"0 this signerl shall be initialized in readiness for a service request from the CPU and sholl elisa pass 1'he signal along CIt the 

Device Controller interface on the I/O Ruset line. 

6.2.2.8 Clock, Source Line: The CPU shall drive this line with a periodic timing signal for use by Device Controllers. 

The lOP shall pass this signal along to the Device Controller at the Device Controller interface on the Clock line. 

~--------------------------~~~--------------------I t:.··li~'le" I TITLE 
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6.3 lOP OPERATIONS DURING CPU REQUESTS FOR SERVICE 

As previously described, the SIIOP may normally or parlially oxecul'c the response to a CPU request for service. The 510, 

TIO, or TDV operotions may either be normally executed or partially executed. The HIO or Ala operations shall always 

be normoll y exe cu ted. 
. 

During execution of a CPU request for service the lOP and CPU shall use the lines described in Section 6.2 for direct 

comrnunication. During normal execution of a CPU request for service the lOP and CPU shall also communicate indirectly 

via core memory cells 20* and 21*. The lOP shall also cornrnunicCite a1" the Device Controller ini'erface to obtain Condition 

Code information and Status response. 

Specific actions of the lOP during CPU requests for service are described in the paragraphs below. 

6.3. 1 SIO 

If the lOP Busy status bit is true (lOP Busy state) or a Zero Count or Channel End or Unusual End interrupt is pending then 

the lOP shall partially execute the SIO operation. The SIIOr responses for this case have been previously described in 

SecHon 6.2. 

If th e 10 P Busy status bit is fa Ise and a Zero Count or Channa I End or Unusuu I End interrupt is not pend i ng then the lOP shall 

normally execute the 510 operation. The lOP shall make a tvtJlilory Request to read. memory cell 20*. !fa memory parity 

error is detected the lOP shall terminate the operation immediately as previously defined in Section 6.2.2.5. Ifa memory 

parity error is not detected then the S!IOP shall interpret the contents of cell 20* as follows: 

Cell 20-k 

I
lDevice Controller I-~i"lx X X X X X COMMAND DOUI3LEWORD ADDRESS I 
. Address! I o '7 8 9 lO~--------~1'~5~1~6----------------------------~31 
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------~~---------------------------------~---~----

, ___________ •• ___ ~~W __________________ L __________ ~ 

Bits 0 -7: Contain the Device Controller Address. These bits are transmitted at the Device Controller interface 

on Datd LInes DAO-7. They shall also be stored in the SIIOP if the lOP goes to the Busy state during the SIO operation. 

Bits 8 and 9: Specify' the lOP response as follows: 

8 

o 
o 

Bit 

9 

a 
1 

BIts 10 - 15: Ignored by the lOP 

S/IOP Response 

lOP shall respond on NCONDl and NCOND2 only 

IOPsho11 rospond on NCONDl and NCOND2cmd writo In cell 21* 

lOP sholl respond on NCONDl and NCOND2 and write in cells 20* and 21 * 

Bits 16 - 31: Contatn the Command Doubleword Address that shall subsequently be stored in the SilOP if the 

10 P goes to the Busy state during the SIOoperation. 

The lOP shall communicate at the Device Controller interface with the addressed Device Controller and shall complote the 

response of the CPU service request by writing into cells 20"'; cmd 2P' as follows: 

Cell 20* 

Ce1121·k 

lOP Status! 

ok Dase 16 

S1'ored Command Doubleword Address 
Decremented by One 

a 15 16 

rop 
Stotus 

TITLE 

Sarno Datu os was Accessed From 
Ce II 20. Bi ts 16 -31 

Stored Byte Count 
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The information stored in cells 20* and 21* shall have the following meaning: 

Cell 20* Bits 0 - 15: Shall contain tho Cornmand Doubleword Address ~tor0din the lOP prior to the normal execution 

of an 510. and decremented by one. 

Coli 20* Bits 16 - 21: Shall contain 1·ho same data as was read from core memory cell 20* bits 16 - 31: 

Cell 21~' Bi1"s 0 -7: Shall contain the Device Controller sttltus information obtained from the Function 

Response lines 0 - 7 at the Device Contro lIer interface. 

Cell 21* Bits 8 - 15: Shall contain lOP 51-tituS informotion stored in thG S/IOP. Bits 8 - 14 shall be 

cleared prior to termination of 1·he CPU service jf the S/IOP goes to the Busy state. The lOP status bits are defined 

in greater dotai I be low. 

Cell 21"/\ Bits 16 - 31: Shall contain the By1'o Count currently stored in tho S/IOP. 

lOP Status Bits: 

Bit 8: Incorrect Length: This bit shed I be sci" tru~ if Incorrect Length was sIgnalled by tho Device Controller 

via the Order In Operational Status Byte or if i"he lOP detoc1'<:~d during 0 Dei'a In op~ration that the buffer contttined 

dai"a at Count Done. 

Bit 9: Transmission Delta Error: This bit shall be set true if Transmission Error was signalled by the Device 

Contro Ilor via the Order In Operationa I Status Byte or if the lOP detected a byte parity error during a Data In operation. 

Bit 10: Transmission Mernory Error: This bit shull be set fTue if a Memory Parity Error was detected by the 

lOP during a Data Out/In operation (memory partial-word write or read operations). 

Bit 11: Memory Address Frror: This bit shall be set i'rue if a non-implemented memory address was detected 

by the lOP during a chaining operation or a Data Out/In operation. 

Bit 12: lOP Memory Error: This bit shall be set true if the lOP detected a memory parity error while fetching 

a command. 

,--------~--------~I 
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Bit 13: lOP Control Error: This bit shall be set true if the lOP detected two successIve Transfer in 

Channe I commands. 

nit 14·: lOP Halt: This bit shall be set true if the lOP detected an rap Halt condition. 

Bit 15: lOP Busy: This bit shall be set true during the current SIO operation after the lOP status has been written 

in cell 21 *' if f-ho Device Controlrer responded b>' driving both the DOR end lOR Jines true (CCl ~ CC2;:::: 0). This bit shall be 
. 

c!oc.1rod under the following conditions: 

(1) The Reset I/O I inc was driven true. 

(2) During an HIO operation the Device Controller address stored in the lOP compared identically with 

the Device Controller address 1-ransmHted at the Device Controller interfoce. 

(3) During an Order In operation the Device C6ntrolkr signalled Unusual End via the Operational Status 

Byf-e. 

(4) During an Order In operation the Dovice Controller signalled Channel End via the Operational Status 

Byte and the Command ChaIn flag was fetlse or the lOP Halt si-otus bit was true. 

The S/IOP shall not report lOP Busy during a normolly cx(!culcd SIO operaHon. 

6.3.2 TIOI TDV 

If the S/IOP is in the Busy state and is currently responding to a Device Controller service request and has not signalled 

End Data and Request Strobe Acknowledge to the Device Controller prior to the receipt of the TIO or TDV function code 

from the CPU, then the TIO or TDV operation shall be partially executed. The S/IOP responses for this case have been 

previously described in Section 6.2 

If i·he S/IOP is not in the Busy state or if in the l3usy state and not currently responding to a Device Controller service 

request or if Busy and currently responding to a Device Controller sc;rviC0 rogues';- and has signalled End Data and Request 

* Pose 16 
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Strobe Acknowledge to the Device Controller prior to the receipt of the TIO or TDV function code from the CPU then i-he 

lOP shall normally execute the TIO 01" TDV opora1'ton. The lOP shall mako a Momory Request to read cell 20*. If a 

memory parity error welS detected then the lOP shall terminnte the operation immediately as previously described in Section 

6.2.2.5. If a memory parity error was not detected then the lOP sh(lll interpret the contents of cell 20~: (15 follows: 

Cell 20'k 

o 

Dovice Controller 
Address 

7 8 9 '10 

10 P IgnOI"05 Those Bits :::: : 

31 

Bits 0 -7: Contain the Device Controllor Address. These bits are transmitted at the Device Controller interface 

on Dato Lines DAO-7. 

Bits 8 and 9: The lOP sha II respond to these bits as defined in Section 6.3. 1 for the SIO operation. 

Bits 10 - 31: The lOP shall ignore these bits. 

The 10 P sha II then communicate at the Device Controller interface with the addressed Device Controller and sha II complete 

the response to the CPU servi ce request by writi ng - if requested - into ce 115 20* and 21 "". The format of these responses 

shall be the same as the format of responses defined in SecHon 6.3.1 for an SIO operaHon. The definition of tho individual bits 

shall be the same as defined in Section 6.3. 1 for an SIO operation. 

6.3.3 HIO 

The lOP shall always normally execute an HIO operation. If the lOP is currently responding to a Device Controller servtce 

request the lOP shall cause End Data to be set and then respond to the CPU request for service as soon as the current service 

is terminated. 

The lOP shall make a Memory Request to read cell 20·l:. If a memory parity error was detected then the lOP shall terminate 

i-he operation immediately as previously desc~i9s9JLL~ccti..?..D...2~. 2..5. If a mc .... m0.fl. rXt~~rror V!£.U)pt detec..tedJ-1.b.~e ...... n ___ th~e ___ --:; 
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lOP shall interpret the contents of cell 201
( as follows: 

Cell 20* 

Lev!ce Controller I I I I lOP Ignores These 3its 
Address 

----------~7~8~· 9~~1~0------------------------'------~3~1~ 

Bits 0 - 7: Contain the Device Controllc'r Address. The lOP shall transmit these bits at the Device Controller 

interface on Data Lines DAO-7. These bits shall also be compared with i-he Device Controller address currently stored in 

the S/IOP. If the addresses compare the lOP shall do the following: 

(1) Clear the lOP l3usy status bit. 

(2) C leur the Zero Count interrupt, Chann~::1 EnJ interrupt, and Unusua I End interrupt status bits. 

BHs 8 and 9: The lOP shall respond to these bits as defined in Section 6.3. 1 fot" the SIO operation. 

Bits 10 - 31: The lOP shall ignore these bits. 

The lOP shall then communicate at the Device Controller interface with the addressed DevIce Controller and shall complete 

the response to the CPU requesi' for servi ce by wri ti ng - if requested - into ce lis 20* and 21 *. The format of these reponses 

shall be the same as the format of responses defined in Section 6.3.1 for an SIO operation. The definition of the individual 

bits sha II be the same as deft ned In Section 6.3. 1 for an SIO opcrcltion. 

6.3.4 AIO 

The lOP shall always normally execute an AIO operation if an interrupt is pending. If the lOP is currently responding to a 

DevIce Control !er servIce request then the lOP shall cause End Data to be set, wait for the current service to terminate, and 

then resl)ond to the CPU request for service. 
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The lOP shall communicate at the Device Controller interf(ICe to obtain the address and status of the interrupting Device 

Contra lIer. The lOP sha II then assemble the stcd'us and Device Controller address and make a Memory Request to write 

into ce II 20*. The format of 1,he i nforrnation wri tten into ce II 20~': shu \I be as fa I lows: 

CeI120'}; 

rap S"j"o1'us: 

-Device Contro 
S1-atus ~~;.us I 0 0 0 0 0 !~:r 

'-:::----------:::-::--a=-· --- 15 '16 20 21 23 

Device Control er 
Address 

31 

Bits 0 - 7: Sha \I contain i'he Device Contro ller si"otus information received on the Data Lines DAO-7. 

Bits 8 - 15: Shall contain lOP status inforrnai"ion defined below in further detoil. 

!3Hs 16 - 20: Shall always be false. 

Bits 21 - 23: Shall contain the address of the responding lOP. 

Bits 24 - 31: Shall contllin the address of 1'he responding Device Controller. The lOP shall compare this 

address with the Device Controller address stored tn the lOP and shall if t-he Device Controller also raises the DaR ltne 

(CCl = 0) write the lOP status into bits 8 - 15 of cell 20* cmd shall then clear the interrupt status bits. 

lOP S 1'otus l3i ts: 

l1it 8: Incorrect Length: As defined for SlO in Section 6.3. 1. 

l3it 9: Transmission Dcti'a Error: As defined for S10 in Section 6.3. 1. 

~,it 10: Zero Byte Count Interrupt: This bit shall be set true if the Interrupt on Zero Count flag is true and 

Zero Byte Count is detected during a Data In operation or Zero Byte Count is detected during a Data Out operation and 

Dahl Chaining ensues or Count Done is reached. 
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Bit 11: Channel End Interrupt: This bit shall be sci' true if the Interrupt at Channel End flag is true and 

CLannel End is sIgna lied during an Order In vi(~ the OporeJtiollcd StohJS Byf·c. 

Bit 12: UnusuCtI End Interrupt: This bit shall be se1- true if the Interrupt at Unusual End flag is true and 

Unusual End is signalled during an Order In via the Operational Status Byte or if lOP Halt is signalled to the Device 

Controller in the Order In Terminal Order~ 

Bft 13: 1'111.8 bJ.t shall be false. 

Bit 14: Th1.s hit shall ~)C false. 

Bit 15: This bit shall be false" 

6.4 Cables 

As specified in 3.1, lOP's shall be connected to a CPU by cables in a trunk-tail fashion. The total length of cables 

interconnecting lOP's with a CPU shall not exceed 64 feet. All lOP's shall interconnect with a CPU on a single cable. 

The pin assignment for signals in that cable at the Cable Driver/Receiver and Cable Connector interface shall be as 

specified below: 
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Coble 1 

Connector 
Pin 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Signa I Desig. 
at Connector 

TITLE 

/FNCO/ 

/FNC1/ 

/FNC2/ 

/IOPAO/ 

/IOPA1/ 

/1 0 PA2/ 

/CNST/ 

Not Assiuned 

/NCOND1/ 

/NCOND21 

/eu sl 
/RIO/ 

/IR/ 
/PR/ 

AT 13 Cable Drivcr/Rece iver Modu Ie 

Signa I Functiona I Description 

Function Code 

II " 

" " 
lOP Address 

II 

" 
Control Strobe 

Not Condition Code 1 

Not Cond ition Code 2 

Timing Signal (1 MHz) 

I/O Reset 

Interrupt Request 

Proceed 

5[D\5 
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7.0 DeVICE CONTROLLER INTERFAC;: 

7. 1 Coblo Connections - Six cables shall interconnect the lOP Clnd Devi ce Controllers. AI I Devi ce Controf/ers 

shull interconnect in a trunk-toil fClshion to the rOPe Device Controllers with the One-Byte Data Path shalf use only four 

of the six cables. 

I. 2 ~}JJnal Conven~!ion - Signol exchange shall be via AT10 Coble Receiver Modules, ATll Cable Driver/Receiver 

Modu les, and AT 12 C(Jble Driver Modu fes. Un less of'hcrwise stClted, si gnaJs sho" use a convention of +2 volts for true logi c. 

7.3 

7. 3. 1 The fines tabufcltod below sholl interconnect the lOP and Device Controllers. 
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DESCRIPTION 

Dni"a Input/Output (1st byte) 

Data Input/Output {2nd byte} 

/DAO/thru / DA? / 8 

/DBO/ thru /DS?/ 8 

Data Input/Output (3rd and 4th bytes) 

Data Puri iy 

IDeol thru IDe? /, /D DO/thru/D D7 / 16 

~A~ 1 

2 Byte Ini"erfacG Reqtles t 

4 Byte Interface Request 

End DotCJ 

/DX2/ 

,/DX.1/ 

IED/ 

Puri 1'1 Chock /PC/ 

Data/Order Request /DOR/ 

Input/Output Request /10 R/ 

Function Response /F RO/th ru/FR7/ 

Request Strobe IRS/ 
Function Acknowledge Strobe /FSL/ 

Device Controller Availc!bJe Output /AVO/ 

Interrupt Call /IC/ 

Sorvi co Co" /SC/ 

1 

1 

1 

1 

1 

1 

8 

1 

1 

1 

1 

1 

I/O Reset /RST / 1 

, ' , ., .~, . 

x x 

x x 

x x 

X 

x 

x 

x ! 
I 

x 
\ 
! 

X i 
; 
I 

X ! 

I x I 
l 

X I 
x ! 

\ 
I 

X 
ij 

I x 
r 

X I 
x 

x 
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. End ServIce /ES/ 1 

Request Strobe Acknowledge 

Stnrt I/O FunctI.on Indl cator 

Ho It I/O Function Indi cator 

Test I/O Function Indi cator 

Test Dovi ee FunctIon IndI eator 

Acknow ledge Interrupt Function 
IncH cator 

1 Acknow lodge SorvI co Ca II Indi cator 

Function Strohe 

J /RSA/ 

/510/ 

/HI0/ 

/rIO/ 

" 

/TDvl 

; IAlOI 

IASe/ 
, /FS/ I l Zero Ryte Count Intorrupt /ZBCI/ 1 I 

! Fast Device Controller ! IFASTI ' 1 I 
AVI from lOP ~ /TRUE-l/, /TRLJE-2/ 2 · 

Reset I/O from JX58 I ITEST RIOI 1 I 
I Enable 'l'wo- byte Interface I /EDX2/ I... 1 I 

Enable Four-byte Interface 1 /EDX!~/ , 1 I 
~ ; ) 

I t ~ } 

l
J ~ I 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

. . I 
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7.3.2 Definition of Device Controller Interfc1ce Lines. All times CIS measured at lOP/Cable interface. 

7.3.2.1 SorvicG Call (SC) Line: 

The SC line shull be driven by thG Device Controller to roquest service from the lOP. The lOP shall respond to the request by 

initioting one of several possible operation sequence, identified as one of the following: Order Out, Order In, Data Out, Data In, 

or an aborted service request. The DevIce Controller shall drive tho SC line at Joost until the lOP has driven the ASC function 

indicai'or linc; otherwise, the lOP shall abort the service request and wait for the next service roquest from either the CPU or the 

Dovi ce Contro lIer. 

CPU servi co requests shall have priority over Device Control Jer sorvi co requests. 

7.3.2.2 Funci'ion Indicator Lines (SIO, HIO, TIO, TDV, AIO, ASC): 

During tho normal execution of a CPU request to perform an 510, HI0, '1'10, TDV, or AIO operation the lOP shall drive the 

appropri(Jte Function Indicator line. Similarly, durIng the response to a Device Controller request for service via the SC 

line the lOP shall drive the ASC line. The driven linc shall be stable for at Jeast 185 nanosoconds before the FunctIon Strobe 

line is driven and shall not be dropped less than ·185 nLlnoseconds after the Function Strobe linc is dropped. 

7.3.2.3 Function Strobe (FS), Function Strobe Acknowled}Jc (FS L), cmd Avai 'able Out (AVO) lInes: 

The Function Strobe line shall oporote in a closed-loop fashion with either the FSL or AVO lines; that is, after the lOP has 

driven tho FS line true the Device Controller shall drive either tho FSL line or the AVO line and shall drop the FSL or AVO line 

in response to the lOP dropp i ng the FS 11 ne. 
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During the normal execution of an SIO, HIO, rIO, or TDV operation (if no memo!"'1 parity error is detected while reading 

cell 20*) tho lOP shall place the Device Controller addrc5s on tho DAO-7 lines, drive the approprIate Function Indicator 

Iinc, delay, and drive the FS JJne. If the Devico ContTollcr address W(lS not rocognizod or if the addressed Dovlco Con

troller was off-Une then the lOP shall receive AVO ;n response to the FS signal. Otherwise, the addressed Device Controllor 

shall respond by placlng condition code informc!tion on the DaR and lOR lines, DevicQ ContrQllor $tatvs on the Function 

RC~pOflSO Iln(J5, tmd d'dvtllg the r-SL Itne. 

During i·he executlon of an AIO operation the lOP shall drive the AIO lino, delaYI and drive the FS line. If there was no 

Devico Controller tni'crrupt pending then the lOP sh<.ll1 receive AVO in response to the FS signal. Otherwise/ the responding 

Dovice Controller shall pface its add ross on the Function Response lines/ condItion code data on the DaR and lOR lines, 

Davi co Controller status on the DAO-7 lines, and raise the FSL line. 

During the response of the lOP to a Device Controller request for service on the SC line the lOP shall raise the ASC line, 

dcluy, (md raIse the FS line. If the SC line he!s dropped prior to the time thot the lOP raised tho ASC line ,then the rop 

shall receive a response on the AVO linco Otherwise, the hiGhest priorHy service requesting Device Controller shall raise 

the FSL Jine. Refer to the One-Byte or Four-Byte Data Poth Spocification for the description of the Device ControJler (fctions 

when connecting for service to the lOP. 

7. 3.2.4 De"ta/Order Request (DaR) and Input/Output Request (lOR) Lines: 

The DOR and lOR lines shall be driven by the Device Controller .. The lOP shall interpret the state of these lInes as follows: 

(a) During the normcll execul'ion of a CPU request for service, if the lOP has raised the FS lIne/ then the Device 

Controller sholl place condition code data on these lines. Tho rop shedl wait for the FSL fine to be driven, defay 185 
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ncmc!:ocond5*1 and then strobe these lines and store tho sta're for later transmission to the CPU on the NCOND 1 and NCOND 2 

fines. The Device Control fer shall not drop those Jines unH I th0 lOP has dropped the FS line. 

(b) During a Device Coni'roller service rcquest l if not aborted, the Device Controller shall connect for service 

at the time that the lOP drops the FS flne. The Device Controller shall then drive the DOR and lOR lines with coded signals, 

drive the D(ltu Lines if lOR is falsc, and raise the inUIal Request Strobo (RS). The lOP shall dolay 185 nanoseconds* after 

receiving j,ho initIal RS of the service sequence and then strobe the DaR and lOR lines. The lOP shall interpret the state of 

theso I i nos as fa I lows: 

DOR 

1 

o 
o 

lOR 

o 

o 

Order C'ut 

Order In 

D(Jto Out 

D~:jh.l In 

The 10 P she II then perform the sequence of operations di ctatod by the above coding. These operations wi II be defined in 

greater dc1"ai I in lator paragraphs. 

Tho Devjce Controller shalf not change the state of the DaR and lOR lines before the lOP has Initially driven the Request 

Strobe Acknow ledge (RSA) lines. 

*Minimum 
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----------~---------------------------------------.----~~-------------------------------,-----------------------

7.3.2.5 Function Response Lines (FRO-7): 

The FRO-7 lines shall be driven only by the Device Controller. During the normal execution of an SIO, HIO, TIO, or 

TDV operation the Device Controller shall supply Device Controller sf'af'us on these lines. During an Ala service cycle 

1·ho Device Controller address shall be trsmsmitred on these lines. The lOP shall ignore the sf'clfe of these lines during a 

Devi ce Contro "er serv; ce sequence. 

The lOP shull delay 185 nonoseconds* (1fter the FSL line hus neon driven true and t-hcn strobe the Function Response lines 

for /utcr transmis3ion of the dohJ on the lines to Core Memory. The Device Controller shall not change the state of the 

lines unti I t'he lOP has dropped i-he FS line. 

7.3.2.6 Request Strobe (RS) c:md Request Sf-robo Acknowledge (RSA) lines: 

The RS line shall be driven by the Device Controller and i·he RSA line shall be driven by the lOP. These lines shall operate 

in a closcd-Ioop fashion; that is, upon sensing fhut the RS line has been driven true by the Device Controller the lOP shall 

dolelY (md then drive the RSA line true. Upon sensing thut tho RS line hus dropped the lOP shall immediai"ely drop the RSA 

lina. The Device Controller, ufter connecting for service, shall send a succession of RS signals to the lOP un1"i1 the lOP 

si gnu Is RSA and End Serv i ce. 

The lOP, after receiving the initial RS of a service sequence, shall delay 185 nanoseconds* and then strobe the DaR and lOR 

lines to determine the type of service requested by the Device Controller. If the service is an ouf"put operation the lOP shall 

immcdictlely access core memory for the data or order, place the data or order on the Dai"a Lines, delay 185 nonoseconds, * 

(jnd raise the RSA line. If the service is an inpu·t operation then the lOP shall delay 185 nanoseconds* Clnd then s1Tobe the 

Datu Lines. This sequence shall continue unHI either the lOP or the Device Controller signals End Data. The lOP shall 
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then wctit for the final RS for the Terminal Order, pluce the Terminal Order on the Data Lines, set End Service, delay 185 

nOl1oseccl1ds, 'If (mel then raise RSA to terminate the service sequence. 

7.3 .. 2.7 Data Lines (DAO-7, DAP, DBO"'7. DCO ... 7, DDO-7): 

The Dt:tll Lines shnll be driven by either the lOP or the Devtco Controller. 

The DAO-7 lines are multi-purpose lines cmd shall bo usc,,:! as follows: 

(0) During the norma I execution of an SIO, HIO, TIO, or TDV operation the lOP shoJ I p laco the Devi co 

Contro Iler oddress on i-he DAO-7 tines, de lay 185 nonoseconds, ",. cmd then drive the FS line. The 10 P shall not chClngo tho 

state of the DAO-7 lines until either FSL or AVO have been received. 

(b) During the execution of em Ala operat-ion the Device Controller shall place the Device Controller status 

on tho DAO-7 lines. The lOP shall delay 185 nanoseconds* (,tHer receiving the FSL signal and then strobe the lines. The 

Device Controller shall not change the state of the lines unti I FS hcts dropped. 

(c) During em Order Out service, in response to the initkd RS, the lOP shall place the Order on the DAO-7 

lines, delay 185 nanoseconds, * cmd raise the RSA line. The lOP shall not change -the state of the Da'ta Lines until the next 

RS is received. 

(d) During on Order in service, tlssociated with the initiul RS, the Device Controller shall place the 

Opcrationo I Status Byte on the DAO-7 I ines. The 10 P shu" de lay 185 nClI1oseconds'k ofter receiving RS, then strobe the DAO-7 

lines. The lOP shall interpret the Dato lines as follows: 

*Minimurn 

DAD Tronsm issi on l:rror 

DA 1 Incorrect Length 
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DA2 Chaining Modifier 

DA3 Channel. End 

DA4 Unusua rEnd 

The response of the lOP to the Operational Status Byte wI" be defined In later paragraphs. The Device Controller shall not 

chango the stefte of the DAO-7 lines unti I RSA has been raised. 

(e) During a Data Out servIce, if End. Service is folse, tho lOP shall place the data on the DAO-7 lines, delay 

185 nanoseconds, * and raise RSA. The lOP shall not chcmge the state of the Octo Lines until the next RS is received. 

(f) During 0 Data In servIce, if End Service is false, the Device Controller shall place the data on the DAO-7 

lines and raise the RS line. The lOP shall delay 185 nanoseconds* and strobe the fInes. The Device Controllar sht,1I not change 

the stCfto of the Data fines until RSA has been roceived. 

(g) DurIng any servt ce sequence, in response to the final RS, the lOP shall rafse End ServIce, p lace the 

Terminal Order on the DAO-7 lines, dalay 185 nanoseconds, * and raise RSA. The definition of the DAO-7 lines during the 

Torminal Order exchange shall be as follows: 

DAO Interrupt 

DA 1 Count Done 

DA2 Command Chatn 

DA3 lOP Halt 

*Minimum 
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The conditions under which these lines are raised wi II be discussed in later paragraphs.. The lOP shall not change the state 

of the Dato lines until FS Is to be raised during the next service cycle. 

The DAP line sha II be used to provide an odd parity bit for the data byte on lines DAO-7 during Data Out or Data in servi ce. 

The lOP shull provide an odd parity bit for the data byte on the DAO-7 lines during all output operations. If the PC line is 

true and the DX2 and DX4 lines are false then the 10 P sha" check for odd parity if Data In servi ce. If a parity error is 

detected during a Dato In service, the lOP shall set the Tronsmission Data Error status bit. The timing for the DAP line shall 

be the sCime 1..15 the timing for the DAO-7 lines during Data Out/In service .. 

The DBO-7, DCO-7, clOd 000-7 Data lines shalf be used only for the exchange of data during Data Out/In service. The 

timing for these lines shall be the same as the timing for the DAO-7 lines during Dota Out/In service. 

If the DX2 ond DX4 lines are false during Data Out/In service sequences then the lOP shall exchange data with the Device 

Controller on the DAO-7 lines only. If the DX4 line is true during Data Out/In service sequences then the lOP shall exchonge 

datu with the Device Controller on the DAO-7, DPO-7, DCO-7, and DDO-7 linGS where DAO-7 sholl be tho most sif:Jnificcmt 

byte und DDO-7 shall be the leost significant byte. If the DX2 line is true during Data Out/In operations then tho lOP shall 

exchange data with the Device Controller on the DAO-7 and DBO-7 lines. The DAO-7 lines sholl be most significant .. 

7. 3. 2.8 End Data (ED) and End Service (ES) Lines: 

The ED and ES lines sholl designate action to be token by the lOP and Device Controller during order and data exchanges. 

The ED line may be driven true by either the lOP or the Device Controller. The ED line shall always be driven true by 

the Devi ce Controller with the initio I RS of an Order Out/In sequence. If~ during a Data Out/Ir. exchange, either the lOP 
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or the DevIce Controller drIve the ED line; then, this shall signify that no more data be exchanged. The ED line shall be 

driven true by the lOP under the followIng conditIons: 

(a) Whenever the ED lIne has been driven by the DevIce Controller. 

(b) During Data Out/In sequences If the CPU requests the lOP to perform on HIO ,peratlon or If the CPU 

requests thgt an AIO operation be performed and the 10 P has on Interrupt pending. 

(c) During a Data Out sequence the lOP detected em lOP Halt conditIon, or the lOP detected Zero Byte 

Count and the Data Chain flag was false and the duta buffer was empty (Count Done), or the lOP detected Zero Byte Count 

and the Data Chatn flag was true and the Interrupt on Zero Byte Count flag was true and the FAST line was false •• and the da.ta 
buffer was empty. 

(d) During a Data In sequence the lOP detected a Memory Address Error or the lOP detected Zero Byte 

Count and the Data Chain flag was false (Count Done) or the lOP detected Zero Byte Count and the Data Chain flag was true 

and the Interrupt on Zero Byte Count flag was true and the Fast line was fa Ise. DurI ng Data In sequences the 10 P sha II 

always empty the data buffer after ED has been set, before terminating the sequence, un less ED was set because an lOP Halt 

condition was detected. 

When the lOP has driven the End Data line the lOP shall delay at least 185 nanoseconds before raising the RSA line. 

The ES line shall be driven by the lOP only. The ES line shall signify, when true, that the Device Controller service shaH 

terminate; that Is, the Device Controller shall not raise RS again during the current service sequence. The Selector lOP 

shall control the ES line such that a Terminal Order shall always be sent to the Device Controller to terminate an Order or 

Datoservlce sequence. The tIming of the ES line respect to the RSA line shall be the same as the timing of the DAO-7 lines 

during the Terminal Order exchange. 
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7.3.2.9 Partty Check (PC) LIne: 

The PC line shall be driven by Device Controllers In whIch it use has been specified. The lOP; however, shall only respond 

to the PC line If the DX20hd DX4·lInes are false, If the PC line is true under this condition then the lOP shall perform an 

odd parity c:heck on the DAO-7 and OAP IInel. The PC line, If drtven, shall be raised with the Inlttal RS of a Data In sequence 

and shall not be dropped until RSA and 1.:5 have been signalled by the lOP. 

7.3 .. 2. 10 Interrupt Call (Ie) LIne: 

The Ie rtne shall be dr'lven by the Device Controller to make an I/O Interrupt request to the CPU via the lOP, The lOP shall 

set an Interrupt Request memory element whenever the IC line Is true and the CPU Is not requesting an AIO servIce from the 

10 p" The 10 P sha II c lear the Interrupt Request whenever the Reset I/O (RIO) line is driven or duri n9 the execution of an 

AIO request from the CPU, Tho lOP shal' drive the Interrupt Request (IR) line at the CPU Interface from the output of the 

Interrupt Request memory element. 

7. 3,2. 11 Zero Byte Count Interrupt (Z8CI) and Fast Devi ca Control rer (FAST) LInes: 

The FAST line shall be driven by those Devt'ce Controllers In which its use has been specified durIng Data Out/In servIce 

sequences. The lOP shall Interpret thIs Hne as follows: 

If, during Data Out/In service the FAST line Is true and the Data Chain flag Is true, the lOP shall not terminate a service 

sequence to send a Zero Byte Count Interrupt to the Devi ce Contro lIer via the Term Jna f Order. 

The FAST line, If driven, shall be raised with the initial RS of a Dato Out/In sequence and shall not be dropped until RSA 

and ES have been signalled by the lOP. 
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The ZBCI line shall be driven by the lOP and shall have the same state as the Zero Byte Count Interrupt 

status bit. If the Device Controller has been specified to drive the FAST line then it shall also take 

action when the ZBel line goes true whenever the Device Controller ia connected to the lOP for a Data 

Out/In service sequence. The device Controller shall take the same action when the ZBCI line is true 

under the condition described above as the Device Controller would take when the DAO (Interrupt) line 

is true during a Terminal Order exchange. 

7.3.2.12 Enable two-byte Data path (EDX2). Enable Four-Byte data path (EDX4), two byte interface 

request (DX2) , and four ... byte Interface Request'(DX4): 

The SlOP shall a1~ys hold the EDX2 and EDX4 lines true. This signifies that the lOP can communicate 

with a DC (Device Controller) on a two-byte data path or. four-byte data paths in addition to conununication 

on. a one-byte data path. The DX2 and DX4 lines shall be driven by those DC'S for which their use has 

been specified. The DX2 and DX4 lines shall specify to the lOP the width of the DC interface data 

path during Data Out/In exchange according to the following: 

1?Q DX4 

0 0 One ... Byte Data Path 

1 0 Two ... Byte Data Path 

0 1 Four-Byte Data Path 

The DX2 or Dx4 lines, if driven, shall be raised with the initial RS of ~ Data Out/In sequence and 

shall not be dropped until RSA and ES have been driven by the lOP. 

7.3.2.13 . I/O Reset (RBT), One Mhz clock (CLl), AVI from lOP (l~UE)t and Reset I/O from JX58 (TESTRIO) lines: 

The Ilo Reset (RST) line shall be driven by the lOP and shall have the same state as the RIO line driven by 

CPU or the 11ESTRIO line driven at the Device Controller interface by the JX58 tester when connected. 

The One Mhz Clock (CLI) line shall be driven by the lOP and shall have the same state as the CL1S line driven 

by the CPU. 
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1. lines shull be driven by the lOP when the lOP logic power supply is on to provide the AVI signal. 

Jevice ControHer connected to the lOP. 

,ne shall be driven at the Device Controller interface by the JX58 tester when connected to the lOP. This line 

for initIalizing the lOP. The TESTRIO line shall cau"se the same lOP response as does the RIO line driven by the CPU. 

JP OPERATIONS DURING DEVICE CONTROLLER SERVICE REQUESTS 

of the lOP to Device Controller service requests will be defined in this $ection. Responses of the lOP to CPU service 

have been defined in Sections 6.0 and 7.3.2. 

Nlously defined in Section 7.3.2 the lOP shall respond to a Service Call from a Device Controller by raising the ASC Func

Indicator line, delay, and then raise the Function Strobe line. A Device Controller indicates that it will connect for service 

raising the Function Strobe Acknowledge Line; otherwise, the lowest priority Device Controller drives the AVO line and the 

Jrvice request is aborted. 

The Device Controller, jf connected for service, then initially raises the Request Strobe line. The lOP detects the type of service 

(Order Out, Order In, Data Out, or Data In) by strobing and decoding the DOR and lOR lInes.. If an Order In operation is speci

fied the lOP strobes the OperatIonal Status Byte on the DAO-7 lines or strobes the datu on the appropricfte Data Lines Jfthis is a 

Data In operation. If an output operation is specified the lOP shall access core memory and if this is an Order Out place the order 

on the DAO-7 lines or if th is is a Data Out operation p face data on the appropriate Data Lines. The state of the End Data and End 

Service lines shall then specify how the service shall terminote. The Selector lOP shalf control the ES Ilne'such that a Terminal 

Order Is exchanged to terminate every DevIce Controller service request. 

In the paragruphs that follow the action of the lOP in response to the specific types of service requests (Order Out/In, Data 

~ will be defined. 
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7.4. larder Out 

If the Device Controller has requested that the lOP perform an Order Out operatIon by raising DaR and lOR with the 

initial RS then the lOP shall take the following action: 

(a) Examine the state of the Chaining Modifier bit. If the ChainIng Modifter is true the lOP shaH Increment 
.. 

the current Command Doubleword address by one and clear the ChainIng Modifier bit. 

(b) Request a core memory read operation from the the memory location specified by the Command Doubleword 

address. If a Memory Address Error was detected the lOP shall set the Memory Address Error and lOP Halt status bits. 

If a memory parity error was detected then the lOP shall set the lOP Memory Error and lOP Ha It status bits. In elther 

case the lOP shall respond Immediately to the initial RS by raising RSA and shall report - at least - lOP Halt in the 

ensuing Terminal Order. 

(c) If a Memory Address Error or Memory Parity Error was not detected then the 10 P sha II operate on the even 

Command word as follows: 

o 3 4 7 
x X X X X X X X I COMMAND DOUBLEWORD ADDRESS I 
8 15 16 31 

Ixxxx I 10 0 0 

If bits 4-7 are coded as shown above then the lOP shall interpret this as a Transfer tn Channel Command, ignore 

the state of bits 0-3 and bits 8-15 and store the contents of bits 16-31 into the Command Address register. If this is the 

second successive Transfer tn Channel Command detected by the lOP then the lOP shall set the lOP Control Error and 

lOP Halt status bits and immedIately respond to the initial RS by raising RSA and report - at least - lOP Halt in the 

Terminal Order. Otherwise, the rop shall access the core memory location specified by the Command Address register 

and operate on the even Command word as follows (if no Memory Address Error or Memory Parity. Error): 

I ORDER Jx X X X X 1 3YTE ADDRESS 1 I ~ Jl~1~~ ____________________________ ~~_3~1 ______________________ ~ 
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The lOP shall transfer bits QJ.7 unchanged to the DAO-7 linea, delay, and then raise RSA. '11te 
lOP shall also examine bits 0 ... 7 to determine whether the Read Backward order .(xxxx. 1100) haa been 
coded. If this order haa bean coded then the lOP ahall store this state as a control function during 
Data In operations. '111e lOP oha11 a,l$o eX~1l111ne tho state of bit 7 of tho Order 'field arid initicil1.ze 
the data buffe~ ac,:!c)l:dingly.The subsequent serv1.ce shall be interpr"e~ed no Duta Out if bit 7 is 
true and as Data In if bit ·7 is f£l.lse. 'rhe lOP shall ignore the state of bits 8 ... 12 and shall store 
bits 13~31 into the Byte Address register •. 

(d) '.rhe lOP shall then1nUl;o111ottt ella avon Couunand word address by one a.rid access core memory for the 
odd Conunand word and shall also increment tha CommLuld DOUblOvJOtd Add~CH3S t'0giat:(ll' by one, The 
lOP shall operata 011 the odd Conuna.n.d word as follows (1f no Hemory Parity E'L"ror), . 

I FLAGS Ixxxxxxxx I BYTE COUNT 
o 7 8 15 16 31 

BUs 0-7 contaIn the flags. The lOP shall. store these into the flags register. The response of the lOP to the 

flags will be defined below. The lOP shall ignore the state of bits 8-15 and shall store bits 16-31 into the Byte 

Count register. 

(e) The response of the lOP to the flags shall be as follows: 

Bit 0: Data Chain (DC) flag - During a Data Out/In operation if the Byte Count has gone to zero 

and the Data Chain flag was true then the lOP shall access the next Command Doubleword. During the Data ChainIng 

operation the lOP shall perform all those operations previously defined for the Order Out operation except that the 

lOP shall not send the order in bits 0-7 of the Command even word to the Device Controller. If a Zero Byte Count 

Interrupt has been requested then the lOP shall, during a Data In operation if the FAST Itne. was fa Ise, cause End Data 

to be set, empty the data buffer, and in the ensuing Terminal Order report - at least - Interrupt. If a Zero Byte Count 

Interrupt has been requested during a Data Out operation and the FAST ltne was fa Ise then the lOP sha II cause End Data 

to be set and report - at least - Interrupt in the ensuing Terminal Order. 
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Bit,ll Interrupt on Zero Count (I?C) flag - If, during a Data Out/In operation" the Byte Count has 

gone to zero and' ·th!s flag was' true the' lOP shall set the Zero Byte' Gount Interrupt '. iJ tatu!] bilt and shall drive 

the znCI line af the Device Controller interface with the same state as the statt,.lS bit. "If the Data Chain 

flag was true and 1;ha 1l'AS'r l1no., Wur3 false t:l,e lOP shull also terminate the service ~equence and report - at 

loust - Int:;errupt in the '.cerminal Order. Otherwise. the lOP ohal1 terminate normally and report Interrupt in 
the Terminal Order.' ., 

Bit 2: Command Chain (CC) flag - During each Terminal Order in which the CC flag Is true, the lOP 

sha II report Command ChaIn. 

Bit 3: Interrupt at Channel End (ICE) flag: - If, during an Order In, the Device Controller reported Channel 

End and this flag was true then the lOP shall set the Channel End Interrupt status bit and shall report Interrupt In the 

ensuIng Termlna I Order. 

Bit 4: Halt on Transmlsston Error (HTE) flag - This flag may only be changed during an Order Out and may 

not be changed durIng Data Chaining. If, during an Order In, the HTE flag was true and tho DevIce Controller reported 

Transmission Error or reported Incorrect Length and the Suppress Incorrect Length flag was false then the lOP shall set tho 

lOP Halt status bit and shall report lOP Ha I t In the ensuing Terminal Order. During a Data In operation if the HTE flag 

was true and the lOP detected a Transmission Data Error (byte parity error at Device Controller interface) then the lOP 

shall l at the next terminationl set the lOP Holt status bit and report lOP Halt in the Terminal Order. If, during Data 

Out/In operations, the HTE flag was true and the lOP detected a Transmission Memory Error (memory parity error durtng 

read or partial write for data exchange) then the lOP sholl, at the next termination, set the lOP Halt status bit and report 

lOP Halt in the Terminal Order. 

Bit 5: Int~rrupt on Unusual End (IUE) flag - If, during an Order In, the Device Controller reported Unusual 

End or j f the 10 P Ha I t state ex tsted at that time and the IUE bit was true then the 10 P sha" set the Unusua I End Interrupt 

status bit and report - at least - Interrupt in the ensuing Terminal Order. 
. . 

TITLE 510[5 
PRODUCT DESIGN SPECIFICATION 
INPUT OUTPUT PROCESSOR, SELECTOR 

........ --------------_ .. ;,-
I I::: 133991 

"~**" 

SHEET 55 OF 70 



-10... 

Bit 6: Suppress Incorrect length (SIL) flag - If, during an Order In operation, the SIl flag was false 

and the HTE flag was true and the Incorrect Length stutus bit has been set then the lOP shop set the lOP Halt status 

bit and report - at least - lOP Halt tn the ensuIng Terminal Order. Note that the Incorrect Length status blt may be 

set during an Order In If the Device Controller reported Incorrect Length or during an Data In operation if the Data 

Chain flag was false and Zero Byte Count was detected and the lOP data buffer was not empty. 

Bit 7: SkIp (S) flag:' Yf this bit was true the lOP shaH dvring Data Out/In operations perform all 

functions associated with that operation t.-. ~cept core rl)cmory accesses. 

(f) After operatIng on the Command odd word as defined in (d) above the lOP shall wait for the Terminal Order 

Request Strobe from the Device Controller. The lOP shall then set End Service, place the Terminal Order on the DAO-7 

lines, delay, and raise RSA to terminate the Order Out sequence. The information exchanged during the Terminal Order 

wi 1\ be defined tn a later section. 

7.4.2 Order In 

If the Device Controller has requested that the lOP perform an Order In by raising only the DOR line with the initial RS 

then the lOP shall take the following action: 

(a) The lOP shall strobe the End Data line and the DAO-7 lines. Sensing that the Device Controller has raised 

the ED linel the lOP shall also drive the ED lIne. The lOP shall respond to the Operational Status Byte on the DAO-7 

lines as follows: 

DAO - TransmIssion Error: If th is line was true the lOP sha II set the Transmisston Cata Error status bit. If the 

HTE flag was true then the lOP shall also set the lOP Halt status bit and report lOP Halt in the ensuing Terminal Order. 

DAl - Incorrect Length: If this line was true the lOP shall set the Incorrect Length status bit. If the SIL flag 

was false and the HTE flag was true the lOP shall also set the lOP Halt status bit and report lOP Halt in the ensuing 

Termlna I Order. 
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DA2 - ChaIning ModIfIer: If thIs line was true then the lOP sha II store th is condition. During the next Order 

Out the lOP 'shall Increment the Command Doubleword Address tn tho Command Address register by one, as described in 

Section 7,,4.1, and shall clear the ChaInIng Modifier control bit. lOP shall also during a successful SIO operatton clear 

the ChaInIng Modifier control bit. • 

DA3 - Channel End: If this line was true the lOP shall, If the Interrupt at Channel End flag was true, set the 

Channel End Interrupt status bit and shall also sIgnal Interrupt In the ensuing Terminal Order. If the Command Chain 

flag was false or if the lOP Halt status bit was set then the lOP shall also clear the lOP Busy status bit. 

DA4 - Unusual End: If this line was true the lOP shall, if the Interrupt at Unusual End flag was true, set the 

Unusual End Interrupt status bit and also signal Interrupt in the ensuing Terminal Order. The lOP shall also clear the 

lOP Busy status btt. 

(b) The lOP shal' delay after raising the ED Ilne and then raise the RSA line. The lOP shall then wait for the 

Terminal Order Request Strobe, place the Terminal Order on the DAO-7 lines, raIse the ES line, delay, and raise RSA 

to terminate the Order In sequence. 

7.4.3 Data Out 

If the Device Controller requests that the lOP perform a Datu Out operatton by ralstng only the lOR line with the initial 

RS ofa service sequence then the lOP shall respond as follows: 

(0) The lOP shall access the core memory address designated by the Byte Address register and shall load that data 

'nto the data bu ffer. The 10 P sha II increment the Byte Address rcgi ster and decrement the Byte Count register. Th Is 

cyc Ie sha II be repeated unttl either the Byte Count goes to z,.ero or End Data is set. If the Byte Count goes to zero then 

the lOP shall perform Data Chaining if the Data Choin flag is true or terminate the service sequence (Count Done). 
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(b) At the DevIce Controller interface the lOP shall access the data buffer, align the data as requlred by the 

Interface data path w1dth and the state of the Byte Address and Byte Count register, place the data on Data LInes, 

generate the DAP parity bit, delay, and raise the RSA line. 

(c) Tho precodingoperations shall continue unti I the End Data Itne has been ratsed. The lOP shall then 

wait for the Terminal Order Request Strobe, place the Terminal Order on the DAO-7 lines, raise the ES line, delay, 

and raise the RSA Itne to termtnate the service sequence. 

7.4.4 Data In 

If the Device Controller requests that the lOP perform a Data In operaf'ton by holdIng DOR and lOR false with the 

initial RS then the lOP shall respond as follows: 

(a) The lOP shall delay after receiving each R5, strobe the Data lines (except durIng the Tormlnal Order), 

check parity if required, load the data into the data buffer, and raise RSA. The lOP sholl repeat these operations 

at the DevTce Controller Interface until the End Data line has been raised. 

(b) At the core memory Interface· the lOP shall access tho data buffer, align tho data as required by the 

current state of the Byte Address and Byte Count registers, and request core memory wrHe or partial write operaHons. 

During each core memory interface cycle the lOP shall increment the Byte Address register (decrement if Read Backward 

was t ndicated) and decrement the Byte Count register. The 10 P sha II repeat these operations until a Memory Address 

Error occurs, or the Byte Count goes to zero, or End Data has been signalled. If a Memory Address Error occurs the lOP 

shall termtnate the Data In sequence by causing End Data to hi rabcd at the Device Control ler interface ... If the Byte Count 

goes to zero and the Data Chain flag is true the lOP shall perform the chaining operation and then return to the exchange 

of data between the data buffer and core memory. If the Byte Count goes to zero and the Data Chain flag Is false then 

the lOP shall cause End Data to be raised and terminate. If End Data has been raised then the lOP shall empty the data 

buffer (except for Memory Address Error or Zero Byte Count and Data ChaIn flag false) and terminate the Data In sequence. 
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(c) The preceeding operations shall continue until ED and RSA have been signalled. The lOP shall then walt 

for the Terminal Order Request Strobe, place the Terminal Order on the DAO-7 lines, raise the ES Line, delay, and raise 

RSA. 

7.4.5 TermInal Order 

As previously defined the lOP shall terminate each Device Controller service sequence with a TermInal Order exchange. 

The definition of the DAD-3 Data lines during the Terminal Order exchange shall be as follows: 

DAD Interrupt: This line shall be raised by the lOP during the Terminal Order for the following reasons: 

(a) During an Order In the Interrupt at Channel End flag was true and the Device Controller 

signalled Channel End. 

(b) During an Order In the Interrupt at Unusual End flag was true and the Device Controller 

signalled Unusual End or the lOP Halt sta1"us bit was true. 

(c) During Data Out if the Byte Count goes to zero and the Doh.l Chain and Interrupt at Zero Byte 

Count flags are true or if Count Done is signalled in the Terminal Order and the Interrupt at Zero Byte Count flag is true. 

(d) During Data In If the Byte Count goes to zero and the Interrupt at Zero Byte Count flag is true, 

DAl Count Done: The lOP shall raise this line durin~j the Terminal Order for the following reasons: 

(a) DurIng Data Out operations if the Byt e Count has gone to zero, and the Data Chain flag 

was false, and the lOP had transmitted all data in the data buffer to the Device Controller. 

(b) During Data In operations the Byte Count has gone to zero and the Data Chain flag was false. 

DA2 Command Chain: The lOP shall raise this line during every Terminal Order exchange in which the 

Command Chain flag is true. 

DA3 lOP Halt: The lOP shall raise this line during every Terminal Order exchange in which the lOP Ha It 

status bit is true. 
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7 .. 5 CABLE AND CONNECTOR PIN ASSIGNMENT .. 

SIx cables shall Interconnect the lOP and DevIce Controllers. As specified In sectton 4.0, cables shall be connected by 

cable connectors to Cable Driver/R~eiver Modules. The muximum length of cable interconnecting the lOP and the furthest 

Davies ControJler shull not exeoedlOO feet. (priority cahle mny be 200 :eeet).l'hc'pi.l1 assignment of signals in those 

cahles at tho CaLle Driver/Rece1.vor a.nd Cable Connector Illterfo.ce shall be ao Sl,scifiad balow, 

Cahle 1 

Connector 
Pin 

01 

02 

03 

04 

05 

06 

07 

08 

09 

10 

11 

12 

13 

14 

Signal Desig. 
CIt Connector 

DA7 

DA6 

DA5 

DA4· 

DA3 

DA2 

DA1 

DAO 

DAP 

ED 

PC 

DOR 

SC 

Not Assigned 

TITLE 

AT11 Cuble Driver/Receiver Module 

SI gna I Function Description 

Data Input/Output, 

Data Input/Output I 

Data Input/Output, 

Dota Input/Output, 

Dottl Input/Output I 

Dtlta Input/Output I 

Data Input/Output, 

Dnto Input/Output, 

o 
Byte 1 (2 ) 

1 
Byte 1 (2 ) 

, 2 
Byte 1 (2 ) 

3 Byte 1 (2 ) 
4 Byte 1 (2 ) 
? 

Byte 1 (2' ) 
6 Byte 1 (2 ) 
7 

Byte 1 (2 ) 

Data Parity Input/Output, Byte 1 

End Data 

Puri ty Check 

Datct/Order Request 

Servi ce Ca II 
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C"ble 2 AT11 Cable Driver/Receiver Module 

Connector SiSl10l Desig. 
Pin ~jt Connector ~~na I Fu'::.'ction Description ---
01 DBO Delta'Input/Ouipuf, 7 Byte 2 (2 ) 

02 DBl Data Input/Output, 
. 6 

Byte 2 (2 ) 

03 DB2 ' Data Input/Output, 5 Byte 2 (2 ) 

04 DB3 DClta Input/Output, 4 Byte 2 (2 ) 

05 DB4 Data Input/Output, Byte 2 (2
3

) 

06 DB5 Data Input/Output, 2 Byte 2 (2 ) 

07 DR6 Data Input/Output, 1 Byte 2 (2 ) 

08 DB7 Data Input/Output, 
0 

Byte 2 (2 ) 

09 EDX2 !): Enable l\JQ"'Byte Interface 

10 DCO Datu Input/Output I 7 Byte 3 (2 ) 

11 DCl Datel Input/Output, 
6 

Byte 3 (2 ) 

12 DC2 Data Input/Ou1put, 
5 

Byte 3 (2 ) 

13 DC3 Data Input/Output, 4 Byte 3 (2 ) 

14 EDX/~ Enable Four-Byte Interface 
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Cobre 3 

Connector 
Pin 

01 

02 

03 

04 

05 

06 

07 

08 

09 

10 

11 

12 

13 

14 

ATll Cabre Driver/Receiver Module 

Signal Desig .. 
at Connector Signal Functional Description 

DC4 
., 

Data Input/Oufput, 3 
Byte 3 (2 ) 

DC5 Data Input/Output, 2 Byte 3 (2 ) 

DC6 Dah:1 Input/Output, 
1 

Byte 3 (2 ) 

DC7 Data Input/Output, 
0 

Byte 3 (2 ) 

Not Ass i gned 

000 Data Input/Output, Byte 4 (27) 

DDl Data Input/Output, 
6 

Byte 4 (2 ) 

DD2 Data Input/Output, 5 
Byte 4 (2 ) 

DD3 Dota Input/Output, 4 
Byte 4 (2 ) 

004 Datu Input/Outputl 

3 
Byte 4 (2 ) 

D05· Data Input/Output, 2 
Byte 4 (2 ) 

OD6 Data Input/Output, 1 
Byte 4 (2 ) 

007 Data Input/Output, 
0 

Byte 4 (2 ) 

Not AssJ gnad 

, 
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CCible 4 

Connector 
Pin 

01 

02 

03 

04 

05 

06 

07 

08 

09 

10 

11 

12 

13 

14 

AT10 Cable Receiver Module 

SIgnal Desig. 
at Connector ~..ignar Functional Description , 

FR7 
0 

Function Response (2 ) 

FR6 Function Response (2
1
) 

FRS Function Response (22) 

FR4 Function Response (2
3) 

FR3 
. 4 

Function Response (2 ) 

FR2 5 
Function Response (2 ) 

FR1 6 Function Response (2 ) 

FRO 7 Function Response (2 ) 

RS Request Strobe 

lOR Input/Output Request 

FSL· Function Acknowledge Strobe 

DX2 Two Byte Interface Signal 

IC Interrupt Co II 

DX4 Four Byte Interft1ce Sf gna I 
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Connector 
Pin 

01 

02 

03 

04 

05 

06 

07 

08 

09 

10 

11 

12 

13 

14 

AT12 Cable Driver Module 

Signal Desig. 
at Connector. 51 gna r Functiono' Doscription 
.... • ., • .........- 4 

RST I/C) Reset 

Cll Clock, 1 megahertz 

ES End Service 

RSA Request Strobe Acknowledge 

SIO Start I/O function Indl cat~r 

HIO Hq It I/O Function Indl cotor 

TIO T est I/O function Indi cator 

TDY Test Dovi co Function Indl cotor 

AIO Acknowledge Interrupt Function 

ASe Acknowledgo Service Call Indicator 

FS Functi on Strobe 

7BCI Zero Byte Count Interrupt 

WADR ' ' Word .... Alignod Data. Required 

Not AssIgned 
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Cable 6 ATll Cable Driver/Receiver Module 

Connector Signal Deslg. 
Pin at Connector Signal Functional Description 

01 HPI* High Priority Interrupt 

02 HPS*" High Priority Service 

03 FAST Fost Devi ce Contro Iler 

04 AVO Avai lable Output 

05 Not Assi gned# 

06 Not Assigned/! 

07 TRUE-2" AVI from lOP 

08 TRUE-l# AVI from lOP 

09 Not Assigned# 

10 Not Assi gned# 

11 Not Assi gnedll 

12 TEST RlOII I/O Reset from JX58 

13 Not Assigned# 

14 Not Assigned# 
", 

*Not used by lOP. 

#Device ControlJers may not use these lines. 
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8. a BUS-SHARING OPTION 
~... q.. . 

In this section are described the actions and responses of a Selector lOP when this option is rnstarled. Also defined is the 

Bus-shClring interface through whIch two Selector IOP's exchunge various control signals reloted to this option. 

8. 1 Cc,bfe Connuctions 

Selector lOP's that share a core memory bus shall connect the fIve lOP/Core Memory cables to a common memory bus as 

shown tn FIgure 3.3. In oddttion, the Bus-shoring interface of the two Selector IOP's shall be interconnected with a single 

cable. Signars exchanged at the Bus-sharing Interface shall be via ATll Cable Driver/Receiver modules. 

8. 2 Switch Settings 

Two switches on the LT26 module located in each of the Bus-sharing Selector IOP's shall be set when this option Is Ins'talled. 

The first switch designates that the Bus-share option is installed. This switch shall be set to the ONE stC1te In each lOP. The 

second switch desl gnotes the re lative priority of the two IOP's in gaining the use of the core memory bus when requests by 

eCfch ore mCide at the same time. The higher priority or AIOP shall have this switch set to the ONE state whi Ie the lower 

priority or B lOP shall hove this switch set to the ZERO state. 

8. 3 Signal Lines Interconnecting IOP's ot the Bus-sharing Interface. 

TITLE 

PRODUCT DESIGN SPECIFICATION 
INPUT/OUTPUT PROCESSOR, SELECTOR 133991 

SHEET 66 OF 70 



8.3. 1 The fines tabulated below shall interconnect two Bus-sharing IOPls at the Bus-share Interface: 
.- .. "'---.... ~.~" .. - .. -, .... ->-.~.~-~-.. -~-.- ~--"-·-··-·"-·--~·-"·l-·---~·-----·--· -_., ._._---

!SIGNAL FLOW DIRECTION 
DESCRIPTION DESIGNATION ~~E~F --A to B --~-'-'Bw~~-'A'----~' 

lOP lOP 

Memory Bus Request MEMRQ X 

x Memory Interface Clear i MEMRESET 1 

Memory Cycle Request Enable I MEMCYCB 1 

Memory Cycle Request Disable NMEMCYCXO I l 
Memory Bus Request. DIsable; MEMCYCB/l I I I X 

x 
x 

Memory Bus Request Enable 1 NMEMCYC/l XO l' i X 
---.----~---~..-,<-................ "' .. ~ ... _ ...... _ .. l",..,.f ... ____ '" .. ,,~ .. ~ .. " .. ,.,~.-.-........ ~-__ .. l~,~"" .. _._". ___ .. _.,."' ... ,,_~~t __ .. "'_.~_.~_ \,, __ ........ 'w ___ • 

8.3.2 Tho doftnltlon of the fines rnterconnocttngthe Bus-shcJrlng rop·s at the Bus-shore Interface sharr be CIS follows: 

Momory Bus Request (MEMRQ): This line shall be driven by the low-priority (B) lOP only. The B lOP shall drive this line 

to roquest the use of the memory bus during those lOP operations in which lOP/Cora Memory data exchanges are required. 

These operations Include all CPU requests for service that are normally executed by the lOP and all Device ControJler 

ServIce sequences except the Order In sequence. This line shlJII be dropped by the B lOP after the high priority (A) lOP has 

driven the MEMCYCB fine. The A lOP shall take action on this request as follows: 

If the A lOP is not currently using the memory bus und olso hos not requested use of the memory bus then the A lOP shall 

grant use of the core memory bus to the B lOP by roising the Mf2MCYCB and MEMCYCB/l lines. 

SDS-E-112(J1/65) . 
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emory Interface Clear (MEMRESET) 

his line shall be driven by the A lOP as the Initial response to a memory bus request by either the A lOP or the B lOP • 

. n response to this signal the A lOP and B lOP sh911 clear the following lOP/Core Memory Interface lines: 

Data lines 

Address lines 

Vvrite Byte lines 

MXO through MX31 

LX15 through LX31 

MWOX through MW3X 

The signal on this line shall be a positive-going. pulse not less than 60 nanoseconds nor longer than 150 nanoseconds in 

duration. 

Memory Cycle Request Enable (MEMCYCB): 

The A lOP shall drive this line In response to a memory bus request by the B lOP via the MEMRQ line. The A lOP 

shal1 drop this line In response to a false signal received from the B lOP on the NMEMCYCXO line. When the MEMCYCB 

fine goes true the B lOP shall be enClbled to make core rmrnory uccesses. 

Memory Cycfe Request Disable (NMEMCYCXO): 

The B lOP shall normally hold this line true. After the A lOP has granted use of the core memory bus to the B lOP 

by raising the MEMCYCB line the B lOP shall C(juse this line to go false after the last memory request of the permitted 

sequence of requests has been made. The B 

nor longer than 100 nanoseconds. Permitted 

lOP shall hold the line false for an Interval of time not less than 60 nanoseconds 

sequences of requests shall be as shown on the following page. 
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(0) During norma lIy executed CPU servi ce requests the B 10 P sha II read ce II 20* if not an AIO and sha II 

write In cells 20* and 21* before relinquishing the core memory bus. 

(b) During Order Out or Data ChaInIng operations the B lOP shall respond to the Transfer tn channel order If 

reque~ted and shal I access the command doubleword before relinquishing the core memory bus. 

(c) During Data Out or Dttta In operations tho B lOP shall access one core memory .location and then relinquish 

the core memory bus. 

Memory Bus Request Disah Ie (MEMCYC B/1): 

The A lOP shall drive this line true at the same tIme thctt the MEMCYCB line is driven true. The A lOP shall drop thIs 

line in response to a false signal received from the B lOP on the NMEMCYC/1XO line. While this line is true the A lOP 

shall not respond to requests for the memory bus from either the A lOP or the B lOP. 

Memory Bus Request Enable (NMEMCYC/l XO): 

The B lOP shall normolJy hold this line true. After the A lOP has granted use of the core memory bus to the B lOP by 

raising the MEMCYCB line the B lOP shall cause this line to go false after all core memory interface operations of the last 

request of a permitted sequence have been completed. The B lOP shall hold this line false for an Interval of time not less 

than 60 nClnoseconds nor longer than 150 nanoseconds. 

*Base 16 
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8.4 Cables 

As specified in section 8. 1 a single cable shall interconnect Selector lOP's at the Rus-share interface. The'maximum length 

of this cable shall be 5.5 feet. The pin Clssignrnent for signars in that cable at the Cable Driver/Receiver and Cable Connector 

Interface shall be as specified below: 

Connector 
Pin 

01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 
13 
14 

AT11 Cable/Driver/Receiver Module 

Signal Deslg. 
at Connoctor 

MEMCYCB 
M~2MRQ 

M[MRI~SET 

NMEMCYCXO 
MEMCYCB/l 
NM[:MCYC/1XO 
Not Ass I gned 
Not Assigned 
Not Assigned 
Not Assi gned 
Not Assigned 
Not Assigned 
Not Ass i gned 
Not Ass i gned 

TITLE 

51 gna I Functlona r Description 

Memory Cycle Request Enable 
Memory Bus Roquost 
Memory Interface Cloar 
Memory Cycle Request Disable 
Memory Bus Request Disable 
Memory Bus Requesf" Enoble 
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