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Clear DMA Mask 
Enable DMA 
Disable DMA 
Start DMA, Enable Interrupt, Clr IRQ 
Start DMA, Clear IRQ 
Start DMA 
Start RAMD, Clear IRQ 
Request Interrupt 
Clear Interrupt Request 
Enable Interrupt 
Disable Interrupt 
Enable Timer Interrupt 
Disable Timer Interrupt 
Reset 1/0 Bus 
Reset lOP 
Clear Address Lockout Mode 
Set Address Lockout Mode 
In i t i ate Cm d Exec from Interrupt 
Disable lOP Command Execution 
Disable Cmd Exec and Enable Interrupt 
Turn LED On 
Turn LED Off 
Clear Attention Acknowledge 

lOP COMMAND EXECUTION 

Increment and Branch 
Skip on Status False 
Skip on Flag False 

Bit 

Write RIF Result to Memory 
Write Count & Status to Memory 

IMODEL 
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CDMK 
EDMA 
DDMA 
SDEC 
SDC 
SD 
SRC 
RINT 
CIRQ 
EINT 
DINT 
ETMI 
DTMI 
RIOB 
RIOP 
CALM 
SALM 
ICEI 
DCE 
DCEI 
TON 
TOFF 
CAAK 

C 14 
D 15 
E 16 
F 17 

10 20 
13 23 
14 24 
17 27 
18 30 
1E 36 
1F 37 
25 45 
26 46 
28 50 
2B 53 
33 63 
34 64 
38 70 
3B 73 
3C 74 
3D 75 
3E 76 
47 107 

35 65 
36 66 
37 67 

WRIF 4C 114 
iJCSM 4D 115 
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6. CPU INSTRUCTIONS FOR 110 

All communication between the CPU and an lOP is via the MPB. 
The CPU instruction set provides the capability to perform these 
MPB operations as specific instances of generalized MPB 
operations. This section describes another group of instructions 
used specifically for efficient communication with the lOP. The 
remainder of the CPU instructions are fully described in the 
Machine Instruction set ERS. 

Three 16-bit instructions whose mnemonics are lOW, lOR, and IOC 
are provided for communication with the lOP. They contain sub op­
code fields to specify one of many MPB transactions with the lOP. 
Although the CPU instructions which allow general MPB operations 
may be used with the lOP, the 1/0 instructions shorten 1/0 
routines by combining several CPU operations in a single machine 
instruction. 

As explained in Section 5, MPB transactions with the lOP 
consist of sending a channel address and sending a data word to 
the lOP. The 110 instructions do these operations using 
parameters on the stack. The channel address is constructed by 
combining the 110 operation code, a field of the 110 instruction, 
with the lOP channel address and interface address from a word in 
the stack. This provides the efficiency of coding the 110 
operation in the CPU instruction with the flexibility to specify 
the interface address in a data word which is a parameter to the 
110 routine. 

6.1 110 INSTRUCTION FORMATS 

The format of the 110 instructions are given in Figure 6.1. 
Bits 8-15 are loaded into bits 24-31 of the channel address as 
the 110 operation code. It will be possible, with the 
operation codes, to issue any of the MPB commands of Section 5 
using the 110 machine instruction. 

6.2 1/0 INSTRUCTION PARAMETERS 

The 1/0 instructions use the top word of the stack as the 
data word for a WRITE operation. The second word on the stack 
(or the top word for a READ or CONTROL) must be the interface 
address. Bits 26-28 of this word become the channel number 
field of the cl.1nnel address, bits 29-31 the PA field, and 
bits 22-25 the IC field. 
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The parameter is popped from the stack on a WRITE and sent 
as the data word. On a READ operation, the data word returned 
by the lOP is pushed onto the stack (the address word sent by 
the CPU contains the channel address used by lOP in returning 
data). Zero is sent as the data word for a CONTROL operation 
and it is ignored by the lOP. The interface address is popped 
from the stack for all 1/0 instructions. The CPU condition 
codes are unchanged by 1/0 instructions. 

o 7 8 15 

:0 0 o 1 1 1 1: 1/0 Operation Code 

WRITE 

:0 0 1 0 0 0 01 1/0 Operation Code 

READ 

:0 0 1 1 0 0 0 1: 1/0 Operation Code 

CONTROL 

Figure 6.1 1/0 Instruction Formats 

An lOR instruction will wait up to 6000000 states for data 
from an lOP. If no data is received in that period of time, 
the CPU will get a System Error (STT#14) type 3. If an 
instruction (lOR, JIOW, or laC) has been sent to the lOP, and 
the lOP has not removed it from the Slave Channel, the 
following commands will be refused by the lOP. The CPU will 
then re-try sending the command about 30 times with about 50 
states delay between each re-try before causing a System 
Error. 
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1. INTERVAL TIMER 

The interval timer function is implemented in the lOP with two 
registers, the second of which decrements and can be loaded from 
the first. The first register, Timer Start, contains an integer 
that specifies the length of the time interval. The second 
register, Timer Count, decrements every two FOCUS system clock 
states until it goes negative. When it goes negative, an 
interrupt is requested and the Timer Count register is loaded with 
the contents of Timer Start to begin counting the next interval. 

1.1 TIMER UNDERFLOW 

When Timer Count goes negative, the Timer sign bit becomes 
true indicating an underflow condition. This condition is 
tested by the lOP microcode periodically if Timer Disable is 
false (see Figure 2.1). The Timer Disable is stored in a 
memory cellon the lOP and may be used to disable the timer. 
If an underflow has occured, bits 0-23 of Timer Start are 
loaded into the corresponding bits of Timer Count. Bits 24-31 
of Timer Start are ignored. 

Caution: A negative value in Timer Start can cause lOP to 
ignore all commands from the CPU. 

A second action taken by the microcode on timer underflow 
is the setting of the Timer Interrupt Request message bit 13 
and sending a message to the CPU or sending a broadcast 
message. 

7.2 TIMER ACCURACY AND PRECISION 

Because the timer uses the system clock as a frequency 
reference, high accuracy is not guaranteed. The intended uses 
of the interval timer are in CPU allocation by the operating 
system and timing of system execution of programs for 
accounting or performance measurement. 

The interval at which the timer interrupts can be set is 
from 1 to 2A24 times 28.4 microseconds, set by loading the 
Timer Start register from the CPU. The length of the interval 
is exactly (Timer Start(0:24)+1)*512*(one clock period). A 
loss of one or two states in the timing occurs when the Timer 
Count register is loaded from the Timer Start. If the 
interval is set very short and two underflows occur before the 
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first is serviced by the CPU, the second underflow cannot be 
detected. 

8. INITIALIZATION 

The product hardware supplies two lines to the FOCUS system to 
force the hardware to a power-on (or user self-test) or reset 
state. They are System POP (SYP) and POP In (PI). Each chip will 
also generate a POP Out (PO) signal to be connected to the next 
chip in a daisy-chain fashion. At the completion of a power-on or 
reset, the lOP starts executing according to its flowchart (see 
Fig. 2.1). 

8. 1 POWER ON 

When SYP goes to a true state, the I/O microcode is forced 
to a special trap routine. When PI goes true, PO is 
immediately set true by the hardware. When SYP goes false, 
the IOP will run self-test and set its MPS channel number to 
O. At the beginning of self test, the IOP will prepare an 
identification word indicating an lOP chip and that it is bad 
for the Master CPU and place it in its slave data register. 
If the IOP passes self test, the bad indication will be 
changed to good. 

When PI goes false, the lOP will set its address mode from 
secondary (SYP forces address mode to secondary) to primary. 
Sometime later the master CPU does a read from slave channel 
O. The IOP with its primary address mode enabled will send 
its status word to the master CPU. The master CPU will then 
write to the lOP's slave a word which contains the channel 
number it is to be assigned. The IOP sets this channel number 
into its channel number register, exercises its MPB interface 
by doing channel-to-channel communication with itself, and 
propagates the PI signal by pulling its PO pad low. 

When the master CPU is done initializing memory it will 
write to each IOP a message that it should or should not now 
execute a channel-to-memory test (memory may not be 
available). After all chips complete their channel-to-memory 
test, the master CPU will write to all channels an indication 
that power on is complete and it may begin executing. 

8.2 RESET 

If PI goes true and SYP stays false for the entire time, a 
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system reset has occurred. In this case no self-test is done 
and channel numbers are not reassigned. A master channel 
reset is done and a set DOUT and clear IOS8, POUT, INT are 
done. 

8.3 SELF TEST GENERAL DESCRIPTION 

Self test microcode is made up of 14 independent modules 
linked with turn on microcode which begins at the power-on 
trap location. At power on the following sequence occurs: 

1) trap to power on routine 

2) Execute self test modules 1 through 12. These modules 
consist of internal lOP hardware tests only. Linkage is 
through long jump instructions as follows: 

Turn on jumps to module 2 

Module 2 jumps to module 3 

Module 11 jumps to module 12 

Module 12 jumps to turn on 

Module 1 is a subroutine called by modules 2 through 12 

3) Wait for master CPU to assign channel number. 

4) Execute self test module 13, then return to turn on. 

5) Wait for master CPU to signal start memory access, or 
skip memory access test. If skip, go to 7. 

6) Execute self test module 14. 

1) Initialize and begin main I/O microcode execution. 
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The self test microcode attempts to exercise and test all 
microcode accessible hardware. Since the hardware tests 
itself, the code modules are not truly independent. For 
example, a failure in the bit-set-clear hardware (SSC) will 
cause the SSC self test code to detect a fault. However, 
other modules will also detect a fault, if they use the BSC 
circuitry to test other hardware. For this reason the self 
test code executes the following instruction when any hardware 
fault is detected: 

UNC, JMPL, MCD, HALT, * ; ERROR TRAP 

This insures the lOP will halt, unless there is a failure in 
both the 'HALT' instruction and long jump sequencing. Zero is 
placed in the slave data register (MCD) to insure system turn 
on halts by signaling the master CPU. 

Debug pad 5 is used as a self test indicator signal, and to 
disable certain external buffers (see Fig. 2.3). During turn 
on this pad is driven to a high voltage, then driven low after 
successful completion of turn on. Debug pad 5 is also driven 
low for a period of 11 clock cycles during execution of self 
test mod ules 1, 13 and 14. A total of 13 of these 'progress 
pulses' will therefore be output during turn on. 

Please note that the output control lines on the 1/0 bus are 
asserted during certain phases of self test. Care must be 
taken that this will not adversely affect interface cards 
during turn on. 

In addition to specific hardware tests, each self test 
module attempts to insure all of its code is executed. In 
modules 1 through 10 and 12 this is done by initializing the 
internal timer at the beginning of each module, then comparing 
it to a ROM constant before exiting to the next module. 
Modules 11, 13 and 14 maintain a similar count in the MA 
register under microcode control. 

8.4 SELF TEST OBJECTIVES 

The following is a list of the types of hardware tests 
performed by the self test microcode. The objective of self 
test is to test as much of the applicable hardware as 
possible, for each test. There are 3 possible reasons 
applicable hardware would not be tested: 1) the test cannot 
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be performed with a microcode routine, 2) the hardware is 
never used by main IIO microcode, or 3) the ROM or development 
cost of the test would be too high. Since the amount of 
hardware not tested is minimal, these exceptions are listed 
after each test. 

1) All data cells tested for stuck at "0" or stuck at "1" 
faults. 

2) All data cells tested for R/W ability from all data paths 
connected to the cell. R/W ability is defined as a successful 
o } 1 } 0 or 1 } 0 } 1 transition. This test also covers 1). 

Exceptions: Debug circuitry not testable 
MCA bit 0 set from MPB 
MAR bit 0 dump to MPB 
MAR bits 3, 4, 5 dump to MPB not testable 

3) All data cells tested for ability to hold a "0" and hold a 
"1" for 4096 states (refresh ability). 

4) All multibit registers tested for adjacent bit independence 
(bit-wise R/W ability). This is to be accomplished by walking 
a "0" through a field of all ones, and a "1" through a field 
of all zeros. Note that 3 register that passes this test has 
also passed 2), and in fact most registers are only tested for 
R/W ability by this method. This test also insures adjacent 
bit independence of associated data paths (buses). 

Exceptions: Sequencing stack registers other than uTR not 
testable. Word and page bus bit independence 
tested in module 11 (ROM checksum) as a side 
effect. uIR, uIR', and Micro-Instruction Bus 
not testable. 

5) All micro orders tested for functionality with one case of 
remaining fields. i.e. Micro order independence of other 
micro orders in the same instruction is not practical to test. 

Exceptions: CMAL, SMAL, HALT, POLLB, not testable. CUTRE, 
SUTRE, USTKP, DUPC, TRWB, TRNWB are debug only 
micro orders. HBDB5, PIN, PPOP are not 
testable by IOP alone, but are tested in system 
turn-on. NOP (all fields) not practical to 
test. 
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6) Test for one case of each microinstruction format for 
functionality of all micro order fields. 

Exceptions: None. 

7) Special hardware tested for functionality. 

A) Combinatorial logic tested to insure each input signal 
can affect the output. This does not imply all input 
combinations are tested. For example, a three input NOR 
gate would be tested with an input sequence of 000, 100, 
000, 010, 000, 001. 

B) Incrementers tested for all combinations of carry in 
and bit contents for all bit positions. 

C) Microcode transparent functions such as MPB hangs and 
interval timer updates are tested. 

Exceptions: MPB address aborts never used. 

8) ROM checksum test (Module 11) 

A) Accumulated exclusive OR of all used ROM locations 
compared to a ROM constant. 

B) Accumulated 2's complement addition of all ROM 
locations compared to a ROM constant (bits 0-5 separate 
from bits 6-37). 

8.5 INDIVIDUAL MODULE DESCRIPTION 

The following is a list of the self test modules with a short 
description of their intent. For more detailed information, 
see the lOP microcode listings. 

1)IOP State Vector 

This module tests most registers for stuck-at faults and 
refresh ability. It generates a progress pulse on debug 
pad 5, and is called as a subroutine in the beginning of 
each of modules 2 through 12. This module also leaves 
the lOP in a known state. 
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2) Loads, IODS, and Compare Tests 

This module tests the functionality of LOAD, IODS, CMP8, 
CMP16, and CMP32. Also timing of CMP8, CMP16, and CMP32 
is tested. 

3) Counter Module 

This module tests all non-sequencing stack incrementers. 

4) Sequencing Module 

This module tests special microinstruction sequencing and 
sequencing stack registers. 

5) Register Read/Write Module 

This module tests bit-wise read/write ability of most 
registers, through 0 and 1 pattern walks. The A Bus and 
Op-code Bus tested for bit independence as a side effect. 

6) Bit-Set-Clear Module 

This Module tests the functionality of GP1 shifts and the 
BSC logical functions AND, OR, and XNOR. 

7) Formats Module 

This module tests all microinstruction formats (See 8.5 
#6). Also, output control lines (except RESET) are 
tested for R/W and refresh ability. 

8) Tests and Specials Module 

This module tests the following: 

A) Functionality of TRIG, CBCRM, LL, NMA30, BYTE, IN, 
FIP, SETTD, CLRTD, PADMS, ITeU, CSTS, IODS, GPOS, and 
GPOTF. 

B) Independence of TRIG, LL, BYTE, IN, and FIP. 

9) Individual Tests 

This module tests the ORCS and EWB microorders, the 
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priority encoder, and the dump constant hardware. 

10) 1/0 Bus Hardware 

This module tests the data paths to the 1/0 bus pads, 
input control lines and PAIC output pads for stuck at 
faults. Reset line tested for refresh. 

11) Control Store Check 

ROM checksum words are computed and compared to ROM 
constants (See 8.4 #8). 

12) MPB Internal 

This module tests bit-wise readlwrite ability of the MAR 
register. No MPB transactions occur. 

13) MPB Channel to Channel Tests 

This module tests MPB registers for refresh ability and 
stuck at faults, and tests non-memory access MPB 
functions. 

14) MPB Memory 

This module tests all microorders associated with 
accessing memory for functionality. 
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9. HARDWARE DESCRIPTION 

The hardware pieces of lOP can be broken into eight parts as 
shown in Figure 9.1. These parts are: Registers and Special 
Functions, DMA Registers, Micro-Sequencer, PLA Microinstruction 
Decoder, ROM Control Store, MPB Control and Interface, and I/O Bus 
Interface section. Each will be described in the following 
sections. 

9.1 REGISTERS AND SPECIAL FUNCTIONS 

This section describes the registers involved in Interrupt, 
Micro-Instruction, I/O Bus, Interval Timer, and other general 
purpose registers. The Special Functions include all data 
manipulation and data comparing. 

9.1.1 Interrupt 

The registers used in connection with interrupt functions 
are the Interrupt Request register (IRQ), the Interrupt 
Message register (IMSG), and the Interrupt Mask register 
(IMSK). (See Figure 9.2). 

The Interrupt Request register is an eight bit register 
which can be set from or dump to the least significant eight 
bits of the A Bus. A one in a bit position corresponding to 
an interface indicates an interrupt is requested for that 
interface. 

The Interrupt Message register is a 32 bit register which 
can be set from or dump to the A Bus. IMSG(3:3) contains the 
channel number of the CPU that services the interrupts from 
the lOP. If it is zero, a broadcast message is issued instead 
of a channel message. The lower 8 bits are used by lOP as a 
mask. 

The Interrupt Mask register is an 8 bit register which 
contains the mask bits to enable interrupt for each PA. The 
IMSK can be set from or dump to the A Bus (24:8). 
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9.1.2 Micro-Control Registers 

The Micro Instruction Register (uIR) consists of a 38 bit 
uIR and 12 bit LuIR. The uIR can be set from or dump to the 
38 bit Micro Instruct Lon Bus (uIB). The uIR register can also 
be shifted left or right one bit with the B Bus bit 31 
(normally zero) shifted in when shifting left with the output 
going external and an external input is shifted in when 
shifting right. The LuIR register can be set from the uIR 
(0:6,19:6) or dump to the uIB (0:6,19:6). 

The control store data can be read by a Read Control Store 
(RCS) instruction. The lower 32 bits are loaded into GPO and 
the upper 6 bits are loaded into GP1(0:6). 

The Micro Trace register is a 14 bit register which can be 
set from or dump to the IOD register (2:14) via the opcode bus 
and can be set from the Page Bus or the Word Buses. 

9.1.3 1/0 Bus Registers 

The Input/Output Data (IOD) register is a 32 bit register 
which can be set from or dump to the A-Bus or the least 
significant 16 bits can be set from the external 1/0 bus 
without disturbing the upper 16 bits. The upper 16 bits drive 
the IOD pads through buffers. When loading the IOD register 
from the A-Bus, data comes true at the pads at the end of the 
phase two clock in the state following the instruction state. 
The upper half-word and the lower half-word can be exchanged. 
The upper half, laD (0:16) can be loaded from or dumped to the 
Opcode Bus. 

The Peripheral Address/Interface Control (PAIC) is a seven 
bit register which can be set from or dump to bits 6 to 12 of 
the A-Bus. 

Figure 9.4 shows the correspondence between the IOD 
register and the external I/O bus. 

9.1.4 Interval Timer Registers 

The Timer Start (TS) register is a 32 bit register which 
can be set from or dump to the A-Bus. The Timer Count (TC) 
register is a 32 bit register which can be set from or dump to 
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the A-Bus. The lower 8 bits retain their previous value when 
setting from the A Bus due to a timer underflow (See sec. 
7.2). The Load Timer Count command loads all bits. 

9.1.5 Other Registers and Functions 

: 0 

:15 

: 0 

The 32 bit General Purpose #0 (GPO) register can be set 
from or dump to the A-Bus. The upper 16 bits can be swapped 
with the lower 16 bits. The 32 bit General Purpose 01 (GP1) 
register can be set from the A-Bus or bits 0 to 5 (0:6) can be 
set from or dump to the most significant six bits of the B 
Bus. It can be shifted left one bit with B Bus bit 31 shifted 
in (i.e. DB5; with no external connection to DB5, a zero will 
be shifted in) or right one bit with a 0 shifted in. 

A Compare (COMP) function which compares the four bytes of 
GPO with the four bytes of rOD, signals the result with four 
lines, each line going true if the two bytes match. Compares 
can be done on 32 bits, 16 least-significant-bits, or 8 least­
significant-bits. 

A Bit SetlClear (BSC) function performs logical operations 
between GPO and IOD and places the result on the A-Bus. The 
logical operations are: OR, AND, and XNOR. The BSC outputs 
appear in the next state and can be used any number of states 
later (static). 

IOD Register 

7 8 1516 2324 31 : 

8 7 015 8 7 0: 
Output Input 

1/0 Bus 

A Bus 

6 12 1516 2324 31 : 

:2 1 0 4 3 2 1: 

PA IC 

Figure 9.4 External Bit Numbering to Internal 
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A Constant (CON) function will set any of the least 
significant sixteen bits of the A Bus (16:16). The DMS 
register points to the bit set. One microcode state must be 
allowed between loading DMS and dumping the constant. 

9.2 DMA REGISTERS 

The DMA Registers consist of a group of active registers 
involved with the DMA currently active on the 1/0 Bus and 
eight sets of logical registers which hold information until 
the interface to which they correspond becomes the active DMA. 
(See Figure 9.3) 

9.2.1 DMA Active Registers 

The DMA Mask (DMSK) register is an eight bit register 
which can be set from or dump to the A-Bus (24:8). A one 
enables a PA for DMA. 

The Count (C) register is a sixteen bit register which can 
be set from or dump to the A-Bus (0:16). It can be 
decremented and it sets a qualifier true when the count goes 
negative. 

The Burst Count (BC) register is an eight bit register 
which can be preset to thirty-one or be decremented and it 
sets a qualifier true when the count goes negative. 

The Memory Address (MA) register is a thirty-two bit 
register which can be set from or dump to the A-Bus and it can 
be incremented. A bit, MA (30:1), is used as a halfword or 
word address qualifier. 

The Status (STS) register is a sixteen bit register which 
can be set from or dump to the A-Bus (16:16). In addition, 
five bits are used as qualifiers. 

The DMA Select (DMS) register is a four bit register which 
can be set from or dump to the A-Bus (5:4). The DMS register 
points to the register accessed when transferring between the 
A Bus and any DMA logical register. The most significant bit 
is ignored when addressing the registers. 

:MODEL :STK II 
:~~+~-~~~-~~~+-~-~~-~+~~~~-~~-~+--~--~~~~~-~~--~~~+~~~--~~~~~~~~~~---~-~~-~-~~~: 
I : 1/0 System ERS 

l BY Fred Gross lDATE 09/20/82 

\LTI P.C." I APPR DATE :APPD ISHEET" 58 OF 80 

REVISIONS :SUPERSEDES :DWG " A-1FE1-3030-9 



+~~~~~~~~~~~~~---~--~~~~~~-~~~~-----~-~~~~-~ / / IOERS 
/ hp / 

HEW LET T - PAC K A R D C O. / / -----------------------------+ 

The DMAPA register is a four bit register which can be set 
from or dump to the A-Bus (5:4). The DMAPA register (6:3) 
points to the PA enabled to use the RAMD line, with bit (5:1) 
used to enable RAMD. 

9.2.2 DMA Logical Registers 

There are eight of each of the following registers 
numbered zero to seven with the number designation following 
the mnemonic when the register is referenced. The number 
corresponds to a peripheral address. 

The Current Address (CA*) register, the Termination Field 
(TF*) register, the Current Count/Status (CCST*), and the Data 
Buffer (DB*) register are all thirty-two bit registers which 
can be set from or dump to the A-Bus. There are only four TF* 
registers which are shared by two numerically adjacent PAts, 
the even in bits 0-15, odd in bits 16-31. 

Since only byte match DMA is allowed, there are eight bytes 
in the TF* registers that are not used. Currently, bits 0-7 
of TFO are used as the Attention Poll mask and bits 16-23 are 
used as an Attention Acknowledge indicator (see CSG 1/0 
Standards). 

MICROPROGRAM SEQUENCING AND SUPPORT HARDWARE 

The flow of microcode from the control store to the 
microinstruction decoders is controlled by the microsequencing 
hardware. Several 14 bit registers and associated 
incrementers contain or compute the microcode addresses. 
Branch conditions combine with the current microinstruction to 
determine which register or incrementer will provide the 
address of the next microinstruction. See Figure 9.5 for a 
diagram of the sequencing hardware. 

9.3.1 Addressing Control Store 

Control Store addresses are composed of two parts, page 
address and word address, sent on separate buses. The Page 
Bus is a 14 bit bus and the Word Bus is a 6 bit bus with both 
positive and negative true data. Another bus called the 
Opcode Bus ties the sequencing hardware to the IOD register. 

9.3.2 Microaddress Registers and Incrementers 
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The microcode program counter, uPC, normally contains the 
address of the next microinstruction to be fetched from 
control store. Tied to the uPC is a three deep subroutine 
return stack where microcode return addresses are stored and 
an incrementer to provide the next microinstruction address. 

The target address of a microcode jump is held in the 
microjump register, uJR. This register is loaded on the state 
preceeding the execution of the microinstruction containing 
the jump. 

Traps cause the control store address to come from one of 
the 2 locations in the trap address ROM. Traps also cause the 
uPC to be pushed onto the microsubroutine stack. 

The 14 bit microtrace register, uTR, provides a simple 
breakpoint capability to aid in debugging lOP hardware and 
microcode. This register causes the execution of 
microinstructions to be halted when the control store page bus 
matches its contents. 

9.3.3 Special Sequencing 

If a microinstruction causes an off-page branch which 
empties the microinstruction pipeline, then the 
microsequencing state machine provides a NOP state while the 
pipe is refilled. Some operations causing NOP states are: 
long jumps, long subroutine jumps, and traps. 

9.3.4 Microcoding lOP with Pipelined Microcode 

lOP microcode is pipelined. Different instructions are 
fetched, decoded and executed at the same time. 
Microinstructions can be effectively executed at the rate of 
one every state time, but a microinstruction may be in the 
pipeline for several states. The longest pipeline sequence 
occurs for 1/0 operations. 

For 1/0 operations (Set/Clr IOS8, DOUT, POUT, INT, RST) if 
the instruction is fetched during a certain clock phase one, 
the signal will be true at the pad by the end of the second 
clock phase two following the instruction fetch. It will be 
true at the interface 25ns later. 
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Another place where the pipeline sequence of microcode has 
to be taken into account is when the "status register" is 
loaded and a jump taken on the condition of a bit in the 
"status register". 

9.4 PLA MICROINSTRUCTION DECODER 

Microinstructions on the Microinstruction Bus are sent to 
PLA drivers and the PLAts. Control line outputs from the PLA 
set, dump, and perform other functions throughout lOP, 
according to the microinstruction definition (see 1/0 
Microcode ERS). During clock phase two, all control line 
outputs are pulled low (false). 

9.5 ROM CONTROL STORE 

ROM Control store consists of 4608 words by 38 bits of 
read-only-memory. The address of fourteen bits (one is 
unused) comes in two fields, a ROM page address of nine bits 
and a ROM word address of five bits. The ROM outputs drive 
the Microinstruction Bus. 
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05 10 15 20 25 30 35 40 45 50 55 

", OUTPUT BYTE MULTIPLEX 

NINT\~~~~ __ ~~~I 
I ' , 1 , I ' , , , I , , , , I , , , , I I I , I 1 , , , , I , , , , L , , , , , I 

NPR X I ' , 1 I I 1 , 1 1 I ~I-.I-.I-.I-.I-.I-.I-.I-.I--I~,~~,-.,-.,-:--.I-.,~,~,~I~,~~,-I~~I-:-I-:-I-:-I~I~I~ 

NDOUTI~-.'·~,-.,-.-.I-.,-.'-.,~';-~~I_'~~'-.'-:-I-.,-.,-.,~I~I~I~,~~,~'-:--:-I-:-,~,~,~I~,--,~I--I--~I~'~I~I-I~ 

POUT~~~~~~~~~~~I \ 
I 1 1 1 I til I 1 1 I 1 1 I 1 I I I , ' 1 1 , r'--'-'--'--'--I--'--'-I--'--~I:-I~---'~--.::'~~ 

NSTS V 
1~_'_' __ ' __ '_.!.I __ ' __ '_' __ ,__'~, __ , __ i_I~,_, __ ,_'_'--!,_I.._;'_'~'~I~~'~' , 1 I ' , , , , ' , , , 

NIOSB '----i 
1 I I I I 1 I , I 1 I I 1 I 

NCEND 
. .1 ________ I __ ' _______ :-.. _______ -=--_______ ""'I~ I • • I I • ., 

\~I ~, ~~~~~~~~/---­
I 1 I 

NCBYT 
I • 

1 I • 

!'-mEND 
1 I • 

• I 1 I I t , • I , 1 • I 

\~-:--:-~-. __ ~I 
, , " 1 1 1 1 I 1 1 1 1 I 1 1 1 1 

NIOD 
I ' I I 

V 
1 I I •• 1 1 1 I , I , 1 1 • 

NER 
I ' • , , , , I I , 1 , I I , , , , I , , , , , , , , I , I , , I I , , • 
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1-, '" .i T c K A R D c o. 
hp I 

/ 

~.uTPL/T BYTE . t·1ULTIPLEX· ::-.. DEVICE .END_ 

---~-~-~------~----~-~~---~--+ 

.N.lNT\~~~~~1 ~ 
J I I I 11.1 I I I 1/ I I I I If. " I J '" I' " I 1" J I I J I' '1'1 I I II I I I I 

I.' I I I I 4 I I I I I I I j I I I' I •• I I •• I I I I' , I I I I I I I I I 

:NDOUT.-'III1-In~III1~~~~~~~~~~~~~~~~ __ _ 
·1 I I I I I I I 1.1 I I I 1.1 I 1'1 I I 1'1 I I 1'1 II I I I I II 1" II I I 1 1'1'1 I I I I 't 

iP.oUT!r:r:-:-;~~~-:-:--"l.......-:-~~1 \ :1 ,j :1 ., " :/ " " "II I,"', 4 ~ J 4 1 I , I I I I I • , , I I I I t '!-, "":'1-:-' "":'1-:-, "":"-:-1 "':'1-:""1 ",:,,-:"1 -:.-:". -',-:'", """....,.., """.....,.." 1 

NSTS V ·1 ' I ,:, ,.1 '.1 ,I I." 1 ' I I J J I I I I , I I I I If' , , , I , I I I ' I , , I ' , , , , ' , I , 1 
:N leSB . ~r------.:---..:.._--J._---! 

it ·1 '1 .1 .1 ,I '1 ,t I. I t ft. I ' til I 1 1 1 .' 1 It 1 I , • 1 / 

NCEND 
;::..,I_,_·,_"_"...;.!'!.-__ ·'_'t...;:.!'_ .. _t_---'i..-~..:..._~J •••• I' , •• t .'i'.-. J" '· ... I.~.~.'.·-a'-.'·. 1 ,'1 ,', t t, NCByr \ - ,.- - ,._,.--- -- .. -. "" .. , - ,---
:I" , "':1 I, ,. 1 I" , 1 I' • I • 1 I' I,. , II 1"'" 

·NDEND 
/ 

NIOD 
/' I, 

" V 
V I, 1"" I' I' 1 I I' 

1'1 1·1 I I I I'" I I I I 

1 I 

\~~..,..---,. __ --JI 
, I I I 1,1 I I I, • I I I! 1'1 I J I I I I I " I I I I I I I I 1" I I 

NBR 
J I I I I ·,·1 I I ,I 1 , , I J , f , , , , , , J , J I I I I , ' , , I I I , , , I I , , , I , I , I I I I , I I 

05 10 15 20 25 30 35 40 50 55 

.... ,.OUTPUT BYT£ NULTIPlEX CHRNNEL END 

NINT"\ I L 
t I 1,1'1 I I II / I. II I II 1;1 I II I 1'1 I II' "" I I II I I 'I "1'1 I I 'I ,I' " 1 

NPR X 
I I 1'1 '1.1' " '1' I. ' II , II I I j " , I I 'I I I I' I I I II I '" I I I I II I I I I 1 I I' 

NDOut 
1111'illlllr, 1111111T~11T1',-..TI'I-.lill.".'I-.,III''''.-,.'II." • .-1111..,1~1-:1-1~1..,'-:-I-:I..,'-:-'""'I~I~I""'I-:-I-:I-,~I-:.-:-I..,I..,I~""'I~,..,I-I~ 

POUT.~..,--:-:-...,....,....,....,...,....,...,....,...,....,-,-..,...,....,.JI \ 3~'_' _' _1_1-!..,_I_,_I_.,~_I...;._,,_I..!...;..I,_I_'~I~'_.:..i·..:.I...:I:....:..I...!...:..I..:.I_·,:.., . .:.'..!'!....:.'..:..,I I I 1 I I 1 I , I I I I '!-f "':'1-1:-:"1-:'-:"", "':'1-1:-:"1""'-:-, -:,-,~,"',-: 

NSTS V 
., I I I l I '1 I' 1'1 I I I' I I I I , I I I I , I I I 't' I , I', I I , I I r' _1_1 _I~'_' _'_'_I~I_' _'_I _' ...:..-_' _'_I ~I 

NIOSB U'· 
!,.I_' ___ ' ,!..I ___ .!-__ -!....:...__..:....;Il..:..' ...:...:....:....L..:...;....:....:.,. f ' I .. ~ I. I J I '." '.' r'~~' ~ ,'. I " I 1 , .. I 

NCEND \~.-~~~~ ___________ r-
. I' , 1 " I' I I' I' , • 1 I 1 J I' , " I 

\~I ~~~~~~~~~ ____ r-NCBYT 
, "I J 1 I' , I 'I 'I lit. 

NDEND 
I 1 I r-'-----~--..:.'-'_', ' , I • / I ' , 1 , ;.., ___ '....:..,' ___ .:.... __ ...; 

N I OD V L-..y-----.J~ II 
I , I I I I I , , I I I I I , 1 ' I , I I • , , , I ' , , I I ' I-I -,-,--,,-,-,-, -'-1-' ....... ' , I I I I I I , I I I 1'1 

NBR 
I 1'1'1 I1II "1.1 I I II I I I " , I "1 I I I I I / 1"'11 I , II 1 , .. I I' , 1'1 I I " 
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------------------------------------------- / 
/ IJEhlS 

L i-: 'l' T 

np / 
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/ 

/ / -----------------------------+ 

'OUTPUT BYTE BURST -' DEV ICE END 

:N I Nt~'-:-~"""-_---J 
1 111 ' 1'1'1' 

-.j 
'1'11 11 

L 
1111'1 11I111 '1111 1I11 'I ,1111 ,11111 11'1,1 11111 III, 

NPA I 
1 1 "'1' '" I' I" III , "I' II, '" " , " I , ' II I ,1111 ,I II II "I' ,I 'II" II I, 

1111, I I I' ,II " III " I'" 
, , 

" I 1111 II , I I LI , 1'1'1 '111,1 I "I' 1111 

I \ 
1'lll·1 ., II IU 11/11.1'1/1'1 ,./ l ,. t 't :,1.1 l. I ,I I 1.1., '.1111 1111.1.1 1.1 I., J 

" '/ 

'NS'rS 
/ 1.1 , I / " " " ,., ' I', , / " '.1 I / I I I ,.~ I , I , , .1 1.1 1- ~I I. ',J , 1 1 I I I I , I 1., _I I I I , I J I L ',.1.1 I I , 

NIOSB. ~ 
t-. , , , I • " , , I ' ".', I '1 " I -' 1·'1 I 1.1 '·1 ,., .• • , I I ,. I , .• , • I t I • I • , ' I • , , ' , " , 1 • I , • " I ••. 1 I 

NeE'ND 
1 LI.'.' 1·11 i '1. 1 J •. 11'1 '1_1" 111.1 LI l-f ,.L-•. L~:"""I.I-f '.L_LI I..:.-'·L:...-t·"-'~--I-L·-L-·'··'I'-I-'II I 

NC:S'YT \ r-i. -' I ! I. I ' ' .. ' I I -' I.' , 1 ! I , , I ~, 7'. '"'j'~';-;-I '7,.i,~,~'._;'I~_':-7"' -:',-:,-,:-:-, ":"'-:"-:':-:-1 ":".,-:,~.:-, ~,~,~. ",:,,-~..,...--,..., ___ .....J . . I I ' .. I I I· ~ ._. • -J of • t ... I I 
NDEND v,....;--...:---~~----!.-~ 

I"" I'" I I' "'1" "'" "I'" '1" "1"" "'" I'" 'I • '.' I" •• , I' .,' I 

N:I'OD V \~~~7"Y .... ~ ____ X~ 
;..,,_1_'_'_'..;,.,_'_1_'_'...:1_'_'_1_, . .:.'_'_'_'_'..:'_':....;.,' '1"" I", ,., I"" I"" I" I ,', "" ~ I 1'1 I' '1..1 t 

NBR v--v 
,11111' 11'1' 111,1' III" 'I J I 'I' t I '11,111' I" II I" II, i 111,1 '11,1 I I II 

05 15 20 25 30 35 40 45 50 60 65 
• •... :'"f 

, O~TPUT BYTE BURST - CHANNEL END. 

NINT-\ /. C 
1\..'-'":'"1-'-1-'-1-'';'''-1''';'-1-1' " I 'I I II I II I I I I I I I I I I II I I I I 11.1 I 1'11'1 II I I I 1'1' I I I II I I' I I I I 

NPA X 
I ' II , I II II I r, .1' I'I'IIii", I' "i1.1,11i":,ill III'I,iT, 111"II,iI, I, I, 'il,,-,il, I, 'I""r+, "';'1 :';'-:':-I~I -:'I-:"-;I~' ":'", ";:1 ~,-:,-,:-:-, :"',"""-:1""''''''''':' ;;'1-"1 ~,::.,~, I 

NDOUT 1-liT.,"'I'I'-,iI,T,11~'~,rr,I,I,~,~,I,T,i"",IT,T,"j"j,I,~,T,T,I,~,~,rTITI7,~,-,.r'~17'~'-;-~"I"~-'~~-'~~-'~~~~~~ I , , , , I 'L , I I ' , , , I I , , , I ' I , , I 

POUT - J '. \ 
, ' 1.'.1 1.1 , " I I.' , , I' " , It' '1·1·' I I III I I', II , I I I" 1'11.1' I /' , 'I I!-":""'":""'...,.,'"",""',,.-,-L-,.'""'l"""-,"".'""'.,..'"",-,""', 

NSTS 
.' ' 'I , " '." / 'I I I I "'.' I ,LI II , II I 11.1 I I I Ii I 1'1'1' 'I I. 11'11 I I I III" II II.' I II I LL.1 

NIOSE LI ' . . U·-
-' ' '.' .- I.' • " ,." , j I' •• , I i., ., 1-" , .,' " "I~ 1.'" ,', '1.."1' I'.' I""; ""1" " I ... · ... ' I 1.1 , ,~, ~ 

N~ENn . \ . -, 
I '-' , , I ' I , , I ' , , , J ' , , • ., • • • • I I , I , I • I • I I I , , I I I I , • I •••• I • , , , I • • , • I • • • • I ' • , , I 

NCBYT \ ~ 
II •• I J I!.' I" '. I, ••• I II ••• I" t' I"" f I I I' III.' If •••• III I 'I" t'.' 

NDEND 
I' ,., I" I, I'" 'I' I.'"", I'" 'I"" I"" I'" 'I' ,., I" "I'" 'I'" '" 

. ~.fi OD---\j \ 1 L~ I 
I'" II" 1'1 1 '1 II"" '" """ """ "'" I'" 'I' " I I' I " I"'" I 1'1,1' I' J 

N~ V V 
I"" I" 'I" I" I""" '" ,II' I"", I"" I'" III "III I II"" '11111111 III 

·_-;:~·::.:;.;.,,~~:"::: ... \~~...:<Io ... ~· .. ': . 

08 05 10 15 20 25 30 35 40'45 50 55 60 65 I 
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NIOSB -. . . U .' 
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NIOSB .... \ .. I 
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I hp I 

. i r: J, L r'~ T F i.\ ( K A ROC O. 1 1 -----------------------------+ 
, f 

OUTPUT HALFWORDBURST 

NINT\', 
, , ,,' I, , , 1 , , I" '" ' , I I I' , I I ',1' I 

'" I I "'" ., " 
L , , , , I 

NPR ':X 
, 1 1 , , I 1 , " i". -;,i1,I, Iln'l' 1,i1'11 l,illl' I,illl' I,iI'l' 11,"1', '"1,--:,,"1'1 '.~.-;-, ,,--:"-:-, -:,--:".-,0:"', ",:-~,.,..,.., "",,-, "",-, 

NDOUT. 
111'111111"111111111,111111,11,1,11111,1,11,111,-0,1'1'-'-'-;-"-"-;-~'-;-"'--:"'-;-I"--:"I-~"~-~"~"""''''-'''''-~''~'-I 

P 0 UT.I;-: • ...-:;'~'~" ..... I~' -:-:--:--:-,.,.-,.:-.,....,..-,.....,....,-,..1 \ ....... ;-:--:-.,..,....,-.,... . "" I '" ' ,., , , , I , ',I " ,. ,. """ I I ,i ; -, ' , ,.-" 1 ,., ". I 

NSTS 
:.I_'~:'~'_'~'_'_'·_'_'_'.....;.'...:.._'-:..'_':....;.·'...l._':"''';''_'':'''_':....l'-':''''':·':....:.'_':..'-!'L'.:,.'_·:..' • , I'" , "I '.' "I I' , , , 

NIOSB
I 

'" LlLJ 
NCEND 

I 

NCEYT 
I 

NDEND 

"I··'· • • • • I" , •. • I ' " , , I"" , , I ' ", , I' • 

t.I" .1;'·'-. t, 4 'I'" , .• , I ' ," "I" , , f I " I' 0 ,', I' • 

, ~, . I . -I 0', , . 
I ' , ' r-:.....~_'_'..:...I_--'-!I-' _ I" • I I 

" ",', 

I' "i 

I" 

, I 

N I OD V \:-:--:--:-___ X ~. 
';.. _'_'_' _'_'..;,'_' _'_'_' ...:.._'-1-'_'_':..1 _':....;.'-:..' ..:'-!,I_':.....:...' , , I ' , , , I 1 , , , I , , , , I , , " "" I 

NBR V~~--~--~--~--~ 
I ,., .", I , .• I I "" I , , , , , ' , , , I' , , , I , , , , I' , , , , , , , , , , , I 

30 35 40 45' 50 

·',.OUTPUT HRLFWORD~EURST ~ DE\/ICE END 

NINT\) \ 
I :-, -:.-:", -:'--:"1 ~,,--:-, ~'--:-'-I"--'-'-' , I ' '" , I , , I' "" I , . L , , , I ' , , , , ' , , , , , , , ,. I , , , ~ I' 

NPA~i-:I-'~"~'-:J~I~'-'~"~'~JXril'~'T'7,,~.TII'I'1'l'II-""-""-'I"-7,,,-.,'"'iI-.,'"'i,~,'"'i'~I-;-,7,-,~,-,~,.,..,..,~,-,o:"','"I~'''''~'''''~I''''~I'-'~I I 
N D 0 UT."'I 11"":',liI'll III' 1,1, I"l I'i'i", II il, IliTll,r, I' ~,ill-,i7I-,i7'11 "il'"iilil-;-li-;--;-;-;-'-:-;-;-;--;--:-::"""\"'-:-~:-:--:-~""" I 1 , 1 I'" , I '" 1 1'" 1 I'" 1 I" , 1 I 

POUT. I \ Ir-;",'"'i,r-;",-,:--;,,,,,,,,, -:,-,0:"', ., .... ' 'I .... ' ""I~' ""I~I ~'''''''''I -, , ' , , , '" , , I , ' , , , 1 I , ,., , ' , 1 , I ' , , , 

NSTS 
I , f ., , , ' '" , r I I " , ",' , I , r I , It,', , '" J' I I , , ' I,' , I I , I , , ' I , I 

LTU NIOSB 
I 

NCEND , 
NCBYT 

I 

, ' , r 'f" 

~ I 

,,' I It' " • t • I 

, I" , , I I I' , I 

, I , I 

NDEND V 

I I , I 

, , " I I 

I' , I 

"I ,., 1 

, I 

, I 

_I ",.r-'..:.----:..----!-- " I' 'I" "'1 ""1 , NioD----V \ X /r---=---.!.-----! 
I I I I I I , I I' 'I" I , I I , I , I • I I , , , 1 , I , '-, -,-, -,-,-,-,--', I , , I I ' I , I f I , , I I 

NBR V-V 
I' , , , J' " , I " , , I' , • 'I' , , , I I I I , I' I' , I "I' , I' "'1 1'1 I I I I "1 

10 15 25 30 35 40 50 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

~J 
I 
I 
I 
I 
I __ + _________ + _______ + _________ + __________________ + ____ ------------------------1 

I I I I MODEL I STK # f __ + _________ + _______ + _________ + __________________ + ____ ------------------------i 
liD System ERS 

--t---------+-------+---------+-----------------------+-----------------------
IBY Fred ~ross IDATE 09/20/82 

r---------+-------+---------+-----------------------+-----------------------
l, T I ~ • <:. ~ I A P P P I [) A 'I E I A P P L> ISH r: t.: T # 6 q 0 F 8 1 

--+---------+-------+---------+-----------------------+-----------------------
~~ Eo V r S I 0 i~ .;:; I S U f-' E R S t: DES f D ~~ G it A -1 FE 1 - 3 0 3 0 - 9 

~-----------------------------------------------------------------------------+ 



------------~-------~-------------~------~- / 

1 
1 

/ J Ut: ~.'::> 

11 L '1 

flD I 

T p c A R D c o. 1 -----------------------------+ 

OUTPUT HALr"~ORD BURST - CHRNNEL END 
NINT\ )r----------------

I ~,'":",-:,~,~, ""!',~,-, .,.., ""!',-,-, -", , I I I , I , I , I I I , , , , , I , , I , I I I , , I , I I , I I I I , 1,1 I , , I I I I , I , ,h 
NPA - I 

, 'I II, """ ""I' "'" II"" I ,I 1'1"", ,I ," '" I', '" 1,1 I II, t 1'1, 

NDOUT 
rTllfl,IiIT'IIIi,Ttl'l'~'iT,ill'rrIT,II-'ITIT"'~'iTll'l'rr'TI',-.'TIIII'-.'Ii'jI'TlIITlIIIT.-ITII~jJ~77~~~~~--, "1""", 1", 'II'" 11'1' "" 

POUTM7~~~~~~1 \ I I I I , , I I II , I , I I , I , , I , I I I I , I I I I , I I I I , I I I ,1'1 111,1 I II, t I "" " ,,, I I 'I 

NSTS , '11"111"",,,11111 1111 ,'111,111,,1111 ,1111,'111,11""'""'"1 
- Ur---:...-----':"'-'---L...:.."':""':"": 

NIOSE U , "" I •••• I' I.', •• "r' I "1" t., t I •• ,.,' I "'" , •••• , ••• ". , •• J' • '" 

NCEND \ r , :-, t. ,,1,-;-, 7. -;.~.:-:-. "7, ~,:-:-, '":", -:,~,:-:-, .,..,~,~, -, _,_,-.J, , , , .,'" """',.," """"',.".,' .,',., 
NCBYT 

I"'" .,"" """ "',.,"',.".,' • , •• ,. " ••• """ ".," ".,' "., 

NDEND 
, "'" ,.,.,. ,." •• "".,. I'" "'" 'I"" , •• ,' , •••• , ",., •• ,'" .'" 

NIOD, ' " " V \-:-:-~~_f\...l __ tJ I 
~ __ I~_'_'_'..;'~I..:,I...:I:...:...I.!.'..:,I...:I:...:...'.:.'..!'....:I:....:..' I', '" "'1",1",,,,11 1",1""" I II'" III, 

N~ V V 
I ' I , I I I , I , I I I , I , I I , I , ' I I I , , I , I , I , , I , I I I I , , I " , I I I I I I I I I , I , I I , I , , I I 

08 05 10 15 20 25 30 35 40 45· 513 55 613 6 =--' 

" OUTPUT BYTE BURST 

NI'~T'-- "--------------
, I , I I I I I I , , I , I' '" I I I , " I I , I \ 

X 
' , , .~ I I I , , I I , I' "" I 

NPA 1~,~,~,~,~,~I~I~,~I~~'I'i1'-.,~II-."I-.I-jl'I-.I-.,'I~-.III-,1_.1.-11-.IIIIII~I"-.I-;,~II"':'~I~I~I~'~~'~'~I-I-' 
NDOUT 11I1~1~11i1-r,-,Ii,-,IIII1-.'I,I1I-,,~I'-.'I'-.I_r'I'-,I-.,II-.'-.IlliJl_,'~II-.I~liIl-;I~I"I~I~I~~I~I~I~I-I~I~I-,--,-1 

PO UT .-;-;.......,..-;'~--:--=-...,.....,..-.;......,.-,.--_I \ 
1"",1'" I111 "",1'11 "1' 1I"""'III,,'!o-i~I""""'I""I--'-I-' 

NSTS 
!.,I_' _'_' _' ...!,'_'....;..I ..:,'...;,..' _'L-:.'-..:...' "';':""':"-1..,..;':.....:.'-:....' ...:I~'....:..' ...:'~'..:...' J'L!'~' I I I ' , , I I I I I' " I I '" I I 

NIOSB ~r--.....!-..:."":""':"-.:....! 
I ' I' • I ' , 1 • • I • • • • I' • , , • I 

NCEND 
!.,I ___ -l. __ ..:.....:....L-:.-..:......:....=.-L...::.....:.-:......:.....L.' ' , • • , • I • , I I I I • I , 

NCBY~ '" \~,71I1~T7~~~~,~,~,~~~,~,~, ~.~.-,----~,~ 
NDEND1~--~--~--~~~~~~~~~~~~~~2I~~ 

, ,I 
-NIOD---V 

, ' , I I , I I " "I I 

, . \ ~'I' ,.".:_, ___ • ...;, 
:-;--:-:--:--:--:-.,.--_ ':-~ ____ -JX __ l 

'1._,_,_'_1_' I I I I I I, ' I , I , I I I I 

V V 
I I I I I , I I I, , 

NER 
, , , I , , I I I , , I , , " , , I ' , I I I I I I , , , I I, ' , I I I I I , I I' , I I 

00 05 10 15 25 30 35 45 50 

I 
I 
I 
I 
I , 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
J 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
t 
I 
I 

__ +---------+-------+---------+------------------+----------------------------1 
I I t I MODEL I STK ~ I 

-+----------+-------+---------+------------------+----------------------------
110 System ERS 

--t---------+-------+---------+-----------------------+-----------------------1 
I I f I BY fred Gross I DATE 09/20/82 1 
,. _________ + _______ + _________ + _______________________ +-----------------------1 

L T i ? • C • It I.l\ P P P I D A J' r: I A P P [) t S rl r: E T 1t 7 I) 0 F' 81 I 

--i----------~-------~---------+-----------------------+-----------------------1 
~-; Sli I S I Ci I~.s I SUP 2: F SED ES lOw G it A - 1 F F.l - 3 0 30 - 9 I 

------------------------------------------------------------------------------+ 



_______________________ - _____ - _____________ I I 
/ np / 

r .. 'i T c o. / I -----------------------------+ 

INPUT HRLF'"HORD t1UL TIPLEX - NO $TRTUS, INTERRUPT DISRBLED 

NINT\ / '--I , , , I J I '" I I I , , , , , , I , , , , , , , t , , , , I I t , I , t I , , I' I J 

NPA X 
I I I I I J I I I I I ' I I I I I , I J I I I I J I I I I I I I I J I I I I I I I I I I I I I I 

NDOllT. I \ 
J I I I I I I I I I I I I I I I I I I I , , , I I' 

, I I I' I I I I I I I I I I I I I I I I 

POUT. 
I ' I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

NSTS V 
I , I I I I I I' I I I , I I I I I I I , " I I I I I I 

" 
I I I I I I I I I I I I " I , I 

NIOSB 
I -' J I I J I I r 

NCEND 
J I I 

NCBYT 
r I I I I I I I J I I I J I t 

NDEND 
J . t I J I I . I I I . I • J • I' I I I 

NIOD \J 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I J I I I I I I I I I I I I I I 

NER 
I I I I , J I , , I , , 1'1 ' I , , I , I' ., I' , , , I I , , r ' , , I I I I , I I I , , I 

013 1215 1121 15 20 25 38 35' 40 45 50 

~ ....... 
, 

--+---------+-------+---------+------------------+----------------------------
I I I It-10DEL ISTK # 

--+---------+-------+---------+------------------+----------------------------
liD system t:RS 

---------+-------+---------+-----------------------+-----------------------
I I 18Y Fred Gross I DATE 09/20/82 

--T---------t-------+---------t-----------------------+-----------------------
[,'1'1 p.e. ~ APP~ DATE IAPPD ISHFET f: 71 OF 81 

--~---------+-------+---------+-----------------------+-----------------------
~ E. VIS I (} rl SiS U P E H S r-: 0 E SiD l~ G 1l A - 1 f E 1 - 3 0 3 0 - 9 

~----------------------------------------------------- ------------------------+ 



------------------~----~~~~---------------- / / i. ;jFl-:~) 

~ H C 1'\ A k D 

INPUT RRHD 

c o. 
/ 

/ 
h ~· .U / 

/ ~-~-~-----~--~~~----~~--~----+ 

N ~: '\ " , , , " "i " '" '" 'i' ,~ '" , " , , " , " ".' , " " " " , " " , " " , " " , ." , , " , , , , " · " " · ,b, 
1IIIIIIIIIJIIIIJlIIIIIIIIIIIII/IIIIJlIII/IIII/IIIIIIIII JlIIII"I'I""IIIIII"I/IIIII'111J 

NDOUT. 1 ~ 
,111,,111,,111111,,1,,111,,111111111111111111111111111111111,11111111111·illllllllllllllllll 

POUT . 
11111111111'111111"111111'1'1111111111111111111111111111"111"1111'111'11111111"1'111'11 

NIOSE \ I· \ I 
111111111111111,1111111111111111111111111111111111111111111111111111111111'1111111 illllllil 

NIC4 \.- . r-
,1"-, ""1""'- "'tl' "1'1 "I" "J'" """1"" " ••• 1'.," •••• 1 ••• 11' •• "' ••• 1 ••• ,,' "~iI 

NIC2 
~'"I""'I""'·""""""·"·""'·"'·"""""""""""""""""""""1 

N I O~ " , 'I ' ,v. " , " I' " , I' , , , I' , " '" , , I' " , I' , , , I' , ,~, , , , I' , " , ' , , , I '" , I ' , , , IV. , , I' " , " , , , I 

NRRMD V V 
1""1""1""""'1

"
"1""1""1""1""1""""""""""""1"'·'" """"1""1 

1210 05 lIZ! 15 20 25 30 35 40 45 50 55 5065 7[2] 75 00 0"" 90 
1" 11 ,11111 11 "1' /111" "1" "I" 111111 IJIII IJIIII 1'"1 I'tlll/lllllllllllllfI';'I;I'';''~JI 111-, 

11111111111111111111111111111111111111111111111111111111111111111,1111,111111111,1111111111 

, INPUT RRHD - LRST TRANSFER 

NINTL- I \ 
J 1111, I I 11,11 I III II I, I 111,111111111, I I II, II 1.111 II I lalllill I 11I11111111 I 

NPR----___ X J. . 
1111 I, I I 11111 I III III II I 11I11 I III II 1,1 I II, 'II' .'1 I 1'"11 III I III III II I II 

/r-----""""'"-----..:..--"----:....---. 

;-;-~-:-:-:-~-:-:~I ":'"1 "'1-',-'1-1"-'-1 "'"I ""I'""I""'I,.....,JI I I I I I I I I I I I , I I I I I I I I I I I I I I~J """1"""1'""':-:""1 ""I ""1"""1""'1-1 ""I -I ""'1-1-1-
NDOUT 

,1111111111"11,1 

POUT 
1111111111-111111111111[1111111111-'111111111~IITIIIII'I-IITIIIIII,IIITIIIII'I,,~IiIIIII-.rolll-'~70-:-~~~~~~~~""-"""'~ I II 111111111111"1111111111111 

NIOSE \ I 
I I I I I I I I I I I I I I I 1 I I I I I I I I I 1 I I I I 1 I I I I Ih-I .,.I .... I-,I....,'~I .,-, """1'""1'""1""""1 "!"",""I...,JI I I I I i , I I I , , I I I I 1 I I I I I 

NIC4 \ I 
,. t •• If '" I I. I t I' t. t I' '" I" I. r I ••• I' ,., I" "1'" I I" " I" I '" I •• ,. l' 11 

NIC2 \ / 
I' • , I I' , " I • " 'I • "' • I' , • , , • I • , I I !-. ';"'.7.-:,-:.-.:-7".7,":',-:,-:.:-:-. -:"'''':'I-:'-'~I -:-,"':'I-:·....,'~· • 1'1 • , I' • • • I' , • , 

NIO~ , .. , I' .v. I"" " '" '" '" • V I " '" 1.'" 1" t'" 1' •••• " t •• I'" 'I"" II 

NRRt"tD \J 
... _._ , ' •• , I' • , , I ' , , • , • • , , I' , , , I • , • , I • • • , I' , , • I ' , • • I • • , , , ' , • , I • , • , , • , , • , • .', , I 

BG 8S 10 15 20 25 3D 35 40 45 58 55 50 55 70 
II'" II I II I'll III II I II I 'I III I III II I I' I 'I III I 11'11 I ,1'11,11'1,1 'I'll I II I 

1 1111 ,1 III 111I 1,1 II I ,I 111I11 I 111'1 I I' I II I" 111111' 111'1,11 I 1,1 II I I' 1'1 I 

--+---------+-------+---------+------------------+----------------------------
I I I I MODEL t STK # 

.. -~---------+-------+---------+------------------~----------------------------
I/O System ERS 

.. -.---------+-------+---------+-----------------------+-----------------------
IBi fred Gross IDATE 09/20/82 

---------+-------+---------+-----------------------+-----------------------
~J r I l). C • t.~ P P RID ATe I A P P Drs H E E T # 7 2 0 f 8 1 

·--t---------~-------+---------+---------------------- -+-----------------------
~iVISIUNS 'SUPERSEDES ID~G # A-lfEl-3030-9 

._----------------------------------------------------------------------------+ 



------------------------------------------- / / T .)~, f-: S 

/ hI) / 
;i:~ L F 1" T ~ j.~ r. i\ .A. R D CO. / / -----------------------------+ 

OUTPLIT RAMO 

NINT\ - ,I L 
1"''1 1I"I'I'IJ"'IJIII'II.I'JI'I11"'1".IJI.III"I1I"1I 11'111'1111" 11 1'1111""1'11'1 

NPfL-~· 1 
1 1"'1 .III'I~,~I~I~'jl~ljlll~I~,IIiII~'~I~.~lj •• ,'IIIIIIIII~11~1~1~ljlj.·.·.·IIII.III.,II~I~.~I~I~.~I·.·,·,~.~.~.,~I~I~,~I~.~I~.~,·,·,~I~,~,~I,~I~.-'~,~I~I-.-,-.-II 

NDOUT 
1~.n.nll.III.I.I.I.TI'llln.,nIM.lllllli,TIIITlllln,n.~In'lljlllj,ill"IIIIIiII~I~I~1Iljlj'IIIIIIII'IIII~I~I~I~lj1'1'1,lllllllrlr'I~I~I~I~I~I'""I""~'~'~I'~'~'~I~I~'~I~'~'I 

POUT . I - \ 
1" " I' 111,1 '''I' ''1I'' II " I 11", "1"1 1 J III 1 J I'll 11'1' ,I III ""'111111111111 1111' I h"jiTioj 

NIOSE \ I \ I 
,111.,1111,1111,1111111111111111"'1""1""1""1"111"'1""'1""1'1"""'1""1""1 

NIC4 \ r-
I • I , I I I I , , I' , • t " f I I f ~ •• I t I • '11 I I • I t I I • I I ' I •• I •••• It. I • I • , • I I' I I • I I • • , I I • f , I • • I I , I I I If' , , f J 

NIC2 
~"I""I"""""""""'I""I""""""""""""1""1""1""""""'" 

NIOD V \. I r-
1""1 ""1""1""'" "1" "l" "1"11",. '1""1 11 .,,'1'11""1"1'1'1111""1 1 ,''" "'f 

NRRMD V ' V 
1'11"1"1,"1',1'11,,, "I" ,',', """'1'" """""""""""""1"""""1' "'I' "" 

12]121 05 1121 15 20 25 38 35 48 45 50 55 50 55 70 75 80 85 98 
1""1""1"""""""1""1" "1""1"'1,'11"""""'1,'1" ""11'11111'1,1",,1'1'1 

,111'1""""'1""1"'1111'11'1"11111111"1'1"11"'1 •••• , •• 1,,1"'1"'11""11111111"1 

....... OUTPUT RAMO - LAST TRRNSFER 

NI~T\.~ _______________ ~I l 
,,," 1"'" '11'1' "'1 " "1""1

' 
111,1111,'11.,1'1111111,11'1,. 1.11" II I 

NPR X r 
, • II I I II II I r-I 1111~ljl-;I;-;-III.,~,"':'~1 1III"-;I~I;-;-""I,,-r, I, '1'1"-':-:"1

'
1 ~,-;,~, "~'-:'""'I~'~I ~I~I-:I:-. ~I ~I ~I-:I-:':--:-' -:"1-:"1"'"'1-1:-:"", -:-1 ~I~I""'I""""'I """', 

NDOUTi"i"t~~~~07~~~~~~~~~~~~~~~~~~~~ II I,ll II 1111111111 III II I II III I 'I' II I II I II II I II I 11'1'1" ,II I II I II I I' I I' 

POUT I \ 
I I I I I I I I I I I I I I I I I I I I I I I , I I I I I I I I I I I , I I I • I I I I I , I I I • , I I ~I ":"1 '":"""I:-'~I ":'1 ~I""I-""I "-, " -:"L"'""""'._':"""":"--'_' 

NIOSB \ I 
,I II I,' '11,11'1" III ,1111 11'11,1 II I I' I II ,II I I,ll' 1,1111 111",111",", 

NIC4 \ I 
I ' , , , , ' , , , , ' , , • , ' t, , , ' I ' , , , I ' , , I I ' , , , , ' , , , I ' , , I I ' , I I I 

\~~ ______ I 
I'" 'I I"" I'" 'I' 'I" " I""""""" I 

NIC2 
I""'" "I'" 'I"" I"" 

NIOD V \ I 
I'" t 1" " r I." f' , •• I"" I'" " II '" I" t 'I' I) 't"" I'" 

NRRt·m-----v 
I"" I"" I"" I"""'" I'" 'I"" I"" I'" 'I"" 1"'· I'" 'I"" I"" I 

(::J 0 85 1 (::J 1 5 2 G :2 5 30 35 4 [2] 45 50 55 50 E 5 7' 8 
1. 11 I II 11"'1 1'1' II '1I1 II I1I1 III II I " I 11111 I 'II II I 111I1 J II I III II I II I II I 

I'll I I' 1111I11I1' II I III II 111.111 III ,I I 111'1'111 II I I'" I I'll' II" I I' I III 

--+---------+-------+---------+------------------+----------------------------
I I I IMODEL ISTK ff 

~~~-~=+---~--------------+-----------------~----------

I/U System EkS 

--+---------+-------+---------+-----------------------+-----------------------
I t IBY Fred Gross IDATE 09/20/82 

r---------+-------+---------+-----------------------+- ----------------------
LTI P.C. ~ I A.?PR I fJATE IAPPD ISHEET # 73 OF 81 

--+---------+-------+---------+-----------------------+-----------------------
R~VlSIONS ISUPERSEDES ID0G ~ A-lfEl-3030-9 

~-~----------~--~---~---~~---~--~-~~-----~-~-----~---------~---~--~~-~--------



------------~-----~--------~-----~--------- I I IUf.kS 

nr / 
t. t~ T T c o. 

/ 

/ I -----------------------------+ 

I NPUT HALF~WRD r'1UL T I PLEX 

N I NT ~.-:--:--:--~~~I L I 1 , , , I ' ,-, , I 1 1 I I I 1 I 1 1 I ,., I 1 1 1 1 1 I 1 I 1 I I I 1 , , I 

~JP~,~,~,~,~,~,~,~~Xri-rI-r,-.I-.,-.II-..~I-.'r-I~Ir-II-rI-;I-.-;I-.I-;I-.'-.I-.'~'~I.-~'~~'~,~,~I~ 
NDOUT~~~~~~~~~--~~/ I ' , I I I 1 I I 1 1 1 " "" I 1 1 1 , , 1 1 , I I 

\ 
1 1 ~'~I~'~'~l~'~ 

POUT 
Ir-II_r'-;I_rl_r'-'I-;I_'I-,,-'_',Ii,r_I'-II_;'_'I-;'-"-"-'I-'I-"-'I-'I--''-~1-1'-~I~I~I~'~'~'~'~,~r~I~~I~I-

NSTS~--~----~----~----~~~\J 
~I __ ' __ ' __ ' __ I~' __ ' __ ' __ ' __ '~ __ ' __ ' __ I_'~I~'~'~'~'~'~'~"~'~'~~'~I~'. ' 1 I 1 , I I , I I I , , 

NIOSB ~ 
I ' I • , , I 1 • I • I • • I • J • • • • I 

NCEND 
I I 

NCBYT 
I 

NDEND 
I I • 

• I I • I ' • I , I I , I • I 

I I 

~I ________ ~I __ ' __ '~ r~-------~I--'--_----~I--'------~--------'~I~' , • • I I 

NIOD V \J 
I I I I I I ' I " "" I , , , , I ' , " "" I , , , , I , , 

NBR 

, 1 

I 1 1 I I , ' I I I , , I I , I I I I I I I I I I I I I I I I I I , , I I I 

05 10 15 20 25 30 35 

INPUT HRLFWORD MULTIPLEX - DEVICE END 

~1·iNT\~ I \ 
"I, ,'-,-,-,-,-,-,--,-,-" 1'" 'I"" ,1111 I' II '.1 I' " I I I II, " I I I' ~ 

NF'R X 
'~~'-'~'~'~'~'~'~'~'~I r'l'-''-II''_'I'I-;''I"'''"'-I''I-I''I-'~'~I~'~I~I~I71~171~171~1~1~'~1~1~1~1~1~1~'~1-1~'-'~1-1 

N D 0 UT;--;-;--;-;--:-:-~-:--:--:--:-~,.....,-,_I \ 
1'1" III' 'I" " I' " 1 I" "1' '" I' 'I '}-'-;'~'-;'~I'I~"':-;-"I:-;-'-l:-:"I~'''':'I-:-'~'~'~l--=-''l' 

POUT 
1111-;'1'_;11,-;1,1_;"1-;,'1_;111-'111111"'-111,_;"1_;,-,,'1-"'1~"I~"'~"'-""~'~'~'~I~''-~'~'~j~j~~~I~'~--~'~' 

NSTS V 
:.1 _' __ I _'_I ..:..._' _' __ ' _'~_' __ ' _' __ '_':.......'_' ...:,'-.:..,' ...!.I-.:..,' ..::'-.:..,' ..::I....!..'..::'~' , , , ' , r' _'.....:..'_'_' _'_I _':--'_' _'_' ...:,' __ 1 _'_' _'...:..' _'_'_' __ 1..,:' 

NIOSE ~ 
I I • '" I I I t I I 

NCEND 
I 

NCBYT 
I 

NDEND 
I 

NIOD 
I'll' 

NBR 

I I 

\j 
I111 , 

It I I t 1 

I I It 

I I 

V 
, II' I1111 I , , , 1 1'1' , II' I' I 

It 

I I I I 

I I • I I' • I 

, .1. t 

"II II' I' I , , II II' I, I 

I' , , 1 I I' , 1 I' , , , I' , II I' , , , 1'1' , I1111 I1111 I' , , , I' , , , III' , I 

08 10 15 25 313 35 40 45 50 55 -1.. 
I 
I 
I 
I 
I 

__ + _________ + _______ + _________ + __________________ + ____ ------------------------f 
fir I MODEL f STK # 1 

_._+ _________ + _______ + _________ + __________________ + ___ -------------------------1 
I I I I liD System ERS I 

r---------~-------~---------~;~-;;;~-~;~;;----------~~~~~-~~;;~;~;----------: 
--+---------+-------+---------+-----------------------+----------------------- I 

I [..I TIP. (.. # I A P? RID A Ttl A P P DIS H E E T ff 74 0 F 8 1 
__ + _________ + _______ + _________ + _______________________ +-----------------------1 

t,S V I 51 U h SiS UP t: R SED E SID ~ ... G # A - 1 r' E 1 - 3 0 3 0 - 9 I 

------------------------------------------------------------------------------+ 



.- .... - ---- - ~ ---- ------- --- --... -- ...... -... -- - -- --- -- '-' ... - I 

I 

I .HJ(.~ 

',A L 

hp 1 

1 A c A R D c O. 1 I -----------------------------+ 

;.; "'; " I NPUT HRLF~JORD .r·1UL T I PLEX ~ CHANNEL END 

N I NT \~. ~ ___ --,I 
. ':1' I' , I ' '" 1 I' , , 

."i".NP.;R1 .• , " I' 'X , , • I.' , , , 11111 I1111 I1111 I1111 I III II 11111 

\ 
'1 , I !.' , 1 1 1 • I 1 1 1 • 1 1 1 I.L' , 1 1 ,'.', ',' '.',_'_,' , I .. , ,.,. I_~ 

I' , 1 1'11 •. 1 /;-_.-.:-_..:..-_...:......;.......;..\ 
N D 0 U~:--:,-:-, -:1-:-1 "'.'-, ."'"' ""'I"""'. """"""'1 """,....,... ""","""'1 """A""""I '""I"""", '""''';.' , , , , • , , , 1 ~ 1 1 1 1 • 1 I I }O, "":'-. ':"'1 "":':-:"'1 -:':-:"'1..-:,:-:"', '"",:-:"', ""'I"""" ,"".,....,., -,,..... .• 

".-POUT. 'i~' il'.-.".-.IIIIiIIIIiIIIITI~IITI-,IiI-,IiI-a1 II_al .-'111-.,'1-01 '.-01.'-0, "":1-01 "":1:-:"'1-:,:-:""-:1:-:"','""1....,..'-'~I-:-' ~I"""~''''''I~I''''''''~I~I-I--I-I~. 1 

NSTS 'V 
, , .L '.,' "".1 I 1 • , 1 ' , , , I ' , , , I 1 , , , I 1 , " "I' I ' • , , I ' I , , I ' , , , I ' , , , I ' , , , I 
N I OSB--- . '----1,......--~-...!.----.!.~~ 
. - -:..1 _'_' _-.il~' __ '-l,,_' ____ :...1 _'._,;..~;..' ..!.I._,;..~,;...:....!..I..:.'~..:.-:....' 1 • , , , 1 ' , , , , , 1 • , • 

NCEND - \~"""7-:--:-:-:--:-:-~~-~----.J1 
,.; " ::: " ':..1 ___ ...lI~1 __ ...!.I_'~._,;....:_!..., ,.;.'-.:....:_;..' ,.!.I"":"":-:"":'-L' ..:.'....:.....:.-:...!I....:...' ...:..~·~I...:..~:....:.-L~:....:.~.!I~' .:.-.~-LI .:.'~.:.-..:..' JI 

NCBYT 
.~I ____ ~I~' __ ~ _____ ~ ______ ~ _____ ~ __ ~t_·_~·~I~~~_'~'~~~~~~~~~~' I 

NDEND" 
, I ' ~ _____ ~ ____ '~I ____ ~ _____ ~ ____ '~I' , I ' 

NIODV V 
'1' I 1'1 I' " I'" 1 , • I , , , , I' , , , II I I II I I I I I I "ll I I I I I I I "1 

NER '" I I I I I 1'1 .1 I , I , I , , • , , , , I , , , , • , , , , 1 ' , , , , , , , , , ' , , , , , I , I , , , " tJ 

1218 1215 1121 15 20 25 30 35 40 45 50 55 

~~~_ INPUT BYTE MULTIPLEX 
~~~~~\- .~ ... ' ... ~ 7 jr----------------L 

I • I , I I ' , , , I , , I , , 1'1,1 , I , I " '" 1 , , , , ',' ' , , , , 

NPR~~~~~~X~ .. III1~~~~~~~~~~~~~ 1 • 1 1 1 I ' , 'I 1 1 , 1 I 1 1 • 1 I 1 1 I. 1 1 1 1 I 1 1 1 1 I 1 • 1 1 

NDOUr /' 'l~t~.~'~I-.I-.I-.I~I~I~~~I..,..I~'~'....,..I~I-.I-.I--.I~ 1 , \ I , , ~I....,......,..I..,..I....,..I~I~ , I , , , , , , 
pour- . -

:..lr_-_I':!':!':21:JI:21:~':~_"_-~"_-~'_-_"::':I':~':II:21::':21::I:=~,~_-:'::;..'~_-~':""~'~I~'~I--.'~'~'''''-I~~I~I~'--'~I--I--I--I--

NSTS \J 
, : I I , " I I , I 1 1 I I I ' I , I I ' I I I I.' I I I I ' I I I I I I , I 

NIOSE , .. "---J-
I • 

, I I ' I , I I t I 1 • I I 

NCEND 
1 • 

, 1 I • 

NCBYT 
I • I I • I'. 

1 ' , " "'" , 1 

\~, ~~~~~---------I--
, I' 'I ' 

NDEND 
,_._ J • I 1 ' r-~--------~--------~I--'------~----------~I ' , \j \j.---:.-_----= NIOD 

J I , I , I I , 1 I 1 1 I I I I , 1 I I , I I, , I I 1 I I I 1 I 1 , , 1 

NBR 
, , I I , , 1 I I 1 I I I , I I , " I I 1 1 I I 1 1 , 1 "I' '. I , 1 1 I I , 

I 
I 
t 
I 
t 
I 
I 
I 
I 

00 05 10 15 20 25 30 35 
"' I 
I 
I 
I 

--+---------+-------+---------+------------------~------------------~---------I 
I I I I MODEL I STK # I 

--.---------~-~--~~-+----~---~~-~---~-~-~--~----~.-~-~--~-~~------------------
lID System ERS 

--+---------+-------+---------+-----------------------+-----------------------
I I IBY Fred Gross IDATE 09/20/87 

t,---------+-------+---------+-----------------------+-----------------------
LTI P.C. n I r,PPR I DA'lE IAPPD ISHEET is 75 uF 81 

--+---------+-------+---------+-----------------------+-----------------------
r'F:\tJ~ICH]S ISUPEkSSDES IDliG # A-~fEl-3030-9 

~----------------------------------------------------- ------------------------+ 



----~--------~----~-~~----~---~~--~----- / 
/ 

/ 

/ JUFKS 

t. L r. 1 c T A " M D c o. 
nD / 

/ -----------------------------+ 

INPUT EYTr;;,~~:-'L TIPLEX DEVICE END 

NINT~ ,r' ----~----~----~----------\ -" 
,: 1 l' I I ":'J-:,~,-:,~'.-L-,...,.,-,.J, I 1 I I I I I I I I 1 I I I I I I I I I .. ~ .1 I I I I II '" I I I I I I' , I I I 

N~~-I.-I--,-I--'-/~~~II-,iTl-rl._i~-.IIII-.,II-.,II~Ijl-r,jl-rIII~llllillllTl-,IiI~IIiIIIIi~.llrll~lrll~lrl/'.,'~III~.~I-:.I~I,-,~~-.~~J 
NDourr-r-;-~~~.......,......,,.........,..~i I \-

.. 1 1 1 1 1 I 1 1 1 1 I 1 1 1 1 1 I I. -' 1 1 I , , I 1 I I I I 1 , I I I IM,-:Ii"7III;-;III~"I~I'I~I-:,:-:-I.-:I~I-:I,.-,.I-.-, -, ...... _' 

POUI 
• ,-r,ll-r,II-"II-rIII-r,I,r.III,-r'-'I'1Iilillil-,I1I-illl-,IIII-'llllilll-r,II-rI,,-r,I'.IiIiI~I~I~I~I~1~I~'~II':-:-"I~I-:':-:-'-'~'~" 
NSTS . .--... - - _. -"-.- V 

I I I , : ~.:.I_'_'_'--:-' ... '~'-:' __ '_'-!.'_'_'_' __ '_'!.-'_' ..;'...;..' .,!I...;.,'..:....' I I I I I I I I I I I I I I I , I 'f' I I I I 
NIOSB - .... -'-- .P,-'-" ._~ .•.. , ___ . - .. -. _~r--""----':"-----:"'----!."';"";"..:.-.:....! 
.. ~. '.' ""01 I I , • I ' • • I I I • • I • I , • I I • I I I I • I I I' I • I I 

NCEND - .. , - .- .-. 
, ,",.1 " • I I 

NCBYT--' 
I' • 

I I I I I I • I 1 • I •• • I .• 1 .. 1_ I. ~ , ... .., '. I ' • I .... ' , I I 
____... - \ '. ~ ,_: {-' 

I • I , I I I , , , I ~,~,-:-~';'", -;'-:--;-~-:--;-~:-:-~-:-:--:--:-~-""I-' ------, 

NDEND -v 
I I I I • I I I I I I I' " • I I I' 

NIOD V V 
I I I II I I I II I I I I I I I I I I 1 I I I I I I I I I I I I I I II I 1 " " I , III I 1111 f 

NER 
, '1 I "'l '" I I I I I 1 I I I I I I I I I I I I I I 1 I I "1 I I I I I' I "1 "" I I I I I I 

05 1~ 15 20 30 35 40 50 

._ IN2UT BYTE MULTIPLEX 

NI~T"\" . 1 \ 
.CHANNEL END 

'I I .. ! .'2.-1 I. 1 I Ij J 1 1 I 1 I , I , I I I I I I I J , I 1 I I , I I I J I.' I I J I , I J I I 1·1 I ": I ~LI 

NPA~..,.....,-.,-....,.....,....-,.........iXh-""TT"iiTT"'"I'I'iITT-;-r-::j'"""j"'""'i-;-;-;--;-;~-:--:-f~~"""""""""""""'--'--'-""-'---' 
t.'1 1"" l '" I I I I I I 1 1 1 ,I I" I I 1" "1 I '" I I I I I I 1 I "1 I I I I I 

~~~--~I \ L~_' '._,, L '.' I ! I I .. ~ .. I. I I '. I I I I I I I I I I I 1 I , I '~I'I;-;-"'~'-:I~'-:':-:-'--':-:-I-,,-''''''''''''''''''_''''l''''''ol 
NDOUT. 

! •. I. I, , 

POUT.~IITJntIlTltn~tTTT~~III1~/I70~~~~~~~ :..'_ 11-:-' _-...:'_' _1_' _'...:...' _'_' _---","-. _' ...:......:...'.....!..I...;..' ..;.'''';''''':'''!..' ..;.1...;..'..:...' 1 , I , , , , I I , I 1 , , ' , , 

NSTS V 
, "ll I I I 1 I"l I I I I I 1 I I "1", I I I, I " , I I I I I f I I 1", I II I I I I 

NIOSE ~ 
J • I I ' I , I • • , I J I I I • , • I , 1 

NCEND .. \'----:--;"~~:_:__:_~~....,...,_---....JI 
J I I' 'I I I 

NCB y~ I .' \:--;-;~"""-:-77""7"7"-;-:-~:-:-:-:-:--:-:--:-:--:--:-:--:-:~ __ ,1 
I I 

NDEr'JD 
I I I I , 1~------~------'~I ______ ~ ______ ~~~~l.I. ' I 

N ron----V \jr--~---.:----:-..--! 
I' , , I 1"" "" I I " , I' I I I I I I I I II I I' , I I I'll I I I I I I I I I I I I 

NBR 
I I I I I I I I I I I '" , 1" I I I I I I 1 I I 1 I , I I I II I I II I I' I I I I , I I 'I' I I I I 

O~5 10 15 20 25 30 35 40 45 50 55 
~t 

I 
I 
I 
I 
I 

__ + _________ + _______ + _________ + __________________ + ____ ------------------------1 
I I I I :-100 E L J S T K # , 

--+---------+-------+---------+------------------+----------------------------. 
I I I I I/O System F2RS , 

T---------+-------+---------+-----------------------+-----------------------1 
II I I I 8 Y F red G r 0 5 5 I D J\ TEO 9 / 2 0 / 8 2 I 

I --+-_._------+-------+---------+-----------------------+-----------------------
P.C .. ~ ~,PPR DATE IAPPO ISHEET t1 76 Of 81 ; 'r i 

t.: ... J 

--i---------+-------+---------+-----------------------+-----------------------
'SU~EHSEDES ID~G # A-1FEl-3030-9 

I 
I 
I 

------------------------------------------------------------------------------+ 



------------------------------------------- I / 

t. [ k o c U. 

INPUT HRL~HORD BURST 

I 
I 

tip I 
I -----------------------------+ 

N I NT \~~-:-:--:-:-~~/ '--
, III I, I III , I , 'I 1'1 I, I , II 'I II I I I I, ' III , I I I I I I I , , 

NPR Xh~~~~~~~~~~~~~~~~~~ ,~,-:-, ""'.--"'-:-1 "",--',-'-, "",,-,..J, , 'I I I , • I , , " .," "" I , , , , I ' , , , I , • • • I 

NDOUT / \ 
,:--:'1-:"'1 ~':--:"-:"'I -:,:--:',-:"', ""'.--:,,-:-1 ""',:--:',-:-, -:-""',-:-, ""'I,.....J, , I • I' "" " 1 I , 1 , 1 1 , f , ~,-:,-:--:-, ""'1-:-1 -.... ""', 

POUT 
I • I' , I ' , , , , , , , , I , I I ' 1'1 , , , , , I , , I ' , , , I' I I I ' I , , I 

NIOSB 

NSTS 
'-'_f_'_I_'-!.I_'_I_'_'..:'i.-I_I_'_I....I.._f_f_I_':......!.'_'_'~I....;..I..J....:.I~1 , , I ' , , I I ' I I I 'I I I f I I •. , 
- ~--~~--~ 

, I I ' 

NCEND 
I 

NCBYT , 
NDEND 

• I 

, I • " "1 • I •• I • t 

• I ' I' 

I' I I ' 

, . , ' I' I" , ' 
NIOD V~~--~--~---~--V--~V 

I, 

I' , I 

I • • , , I ' I I' I'" """'" "" I , , , , I ' , I, " I I I I , , I 
NER~--~--~----~--~--'V V~----~--~----~--~ 

, I. , f , ' I" 'I I' III 1 I , I I I I I I I I I I I I I ' , I , , I 1 I 1 I , , , 

130 05 10 15 20 25 30 35 40 45 50 

, INPUT HRLFWORD BURST - DEVICE END 

NINT"", I L 
I' , I 'I , I " I ' , 'I " " , I I II I "I I 'I I , " I , , I' , I " I I I II I 1'1 I I I II , 

NPR ~ I I I I Ii' , ,. ,r.ll,(i"1 "-.11,,,-;, ,,-;-, I, ',-., ,,-;-, " ',-., -;-,;-;-, ,,-;, ",:,,-:,-:-, "':',-', ",:,,-:,-:"', -:,-:"', "7',""',-:-, -:,-:"', "':'1"""-:-' ""',-,"""',""',-..., -:,-,""" 

NDOUT~~~~~~~~I ,'J , " , , " I , I " , ' " , ,I II , II I I 
\~....,........,....,....,-,-,-..,....,....,~.,..-,-­

"1 I II I I I" , , 'I' , , 'I I , " I ' , " 

POUT 
I' , , 'I' , " J ' , " "" I' " , " 'I 'I" J' , , , I' , , 'I' , , 'J ' , " "" 

NSTS 
J ' , , , , ' , 'I I I , I I I I , , I ' I I I "" I I I I I I ' I , , I ' , , I , I I , , , ' , I , , I I I I 

NIOSB~~--~--~-....I..---~~ 
I' •• " , •• , , " • , " • '1 

NCEND 
• 1 • ,:----~-----'~--~------'~ __ ~_----I~'_'----....;..--~~~....;....:.'~,~~~~~....;..~ 

NCBYT 
I , I:-----~-----i.-----~-----i.----~----~IV· ~--~----'~I-----·~I-----~----~ 

NDEND 
, • , , 'I' , , , ' I ,. • , '" I' '1 

NIOD---V v-v 
I' , , 'I I I " I I I I I ' " , , ' " , , " , , , " , , " , , I I' I 1'1 I , , I I' , I, , , , " 

NBR \JV 
1'1 I " ' , "1'1 1'1'1' , I I I' , , I' , , , " , , " , , , ,I I , 'I' , I 'I ' , 'I I , I " 

08 05 10 15 20 25 30 35 40 45 58 55 t30 

--t---------+-------t---------+------------------+----------------------------
I I I MODEL I STK # 
-------t---------+------------------+-----------~~~----~~--------

TID SystE'm ERS 
--+---------+-------+---------+-----------------------+-----------------------

I t ISY fred Gross IDATE 09/20/82 

~---------+-------+---------+-----------------------+- ----------------------
! ~ T I :.1. c... I A P P RID ATE I /\ P P DIS h EST;; 7 7 0 f 8 1 

--t---------+-------t---------+-----------------------+-----------------------
;/ t~ 'J 1 S I f1 f-i ::; I S U ~ E ~~ SED E S f D .... G # A - 1 f E 1 - 3 0 3 0 - 9 

~----------------------------------------------------- ------------------------+ 



------------------------~~~-~--~----------- / 
/ 

/ 

I I ',Ji KS 

J: T 

hp / 

A c 1\ A D c o. / -----------------------------+ 

INPUT EYTE MRTCH (NO MRTCH) 

NINT\ I \ , '-I -,-,-, -,-,-, -,-,-',--,-,-, 1 """'" 'I" 'I' I , I I I I , I I I 1 I I 1 I , 
N PA!-,...-,--,--,--,,~......,._.,.._X}_~....._;-;-;___;_;_.__.__:_;_~_:__:__:__:_~....,....,...~_:_._.,......,.._.,...,......,..._,_,__,_.,__,_,_ 

, , , I I, I , " """"" I , " "" """'" """'" J 

t"'JDOl/T. .I ~ 
~,:-_-:,::::,:::,:,:~,:_,:-_-:,::::,::,:=:,::,:,::,:::_,,...._...,.,::,:::_'...:'_'_="''':''''':'''-!''''.,:I....:..'..,;..''''''' I""'" I'"" " 

NSTS V 
~I_' __ '_'_'~I_'_I_'_I~I~I_'_I_'~_I_' __ '_' ~I __ '_'_' __ '~.,:'....:.."_=..I_'~I_=..'.,:'....:..'....:..'~I....:..'....:..'.,:'~'. I' , , , 

NIOSB ~- \~ 
I ' I , , I ' I" 'I I' "" I ' , " 'I 1'1' , , I I ' , , , I I , , , 

I' , , I 

1'1 , I 

NCEND 
:...' ____ '--!,, __ ' _'_'_' ~"":"--;"":'~-=""":"':""":....l..'. ' , , , ' , ' • t , I , 

NCBYT \.~~~~~~~~~~~ __ ~/ , ' , ' , ' , , ' , 
NDEf··-JD , , , ' I' , , , ' , , 

NIOD , 
NASYr'..J 

V~--~--~~--~V V 
, ' , , , , , ' , , V,---",;",' -'--'---..:.'-' ....... \Jr ...;...---...;...---'--:' 

, I I I I, ' I' , , ' , I' 1'1 I, , , I , , I , I I , I I I , , ' I I' I I I I I I I I, 
ca8 135 113 15 20 25 38 35 40 45 513 , I '_I , , I '.1 ! J I I, I ,_, ' I , I, I I' , , , , , , , I' , , , I , , , , I , , I, ' , , , , 

INPUT EYTE t'1RTCH (I'iRTCH) 

NINT\ ....... ____ , L 
I"" 'I"""""" J" """ "II' '" 'I' ,:"" """ """ III J' I", 

N PA,h-;"Ti""i'I"i'"i'""i"~rhl""j'"j'""'i'""i""O-;-;-....... -;-;-':_7'"':'-;-;--:-:--;-:-:--:-:--:~.:,..,....,....,....,...,...,...,....,-,-...,...,....,...,....,.-,.-,-.,...,....,...,....,...,...,...., "" I I" ,I I I'" I I I", ,I """"'" I" "'" ,I I I I, "11,1 1'1,1 1'1, 

NDO l/T.,.....,...,...,....,.....-.,....,....,...,....,...,..---,.-__ -, \ 
~, _'_1_' _',.;.' __ ' _'_'_'...;...' _'_'_' _',.;.'_' __ ' _'_'...:,.' _'_'....:..' _' ..:....:'_=..' _' , , II , , , I , , , , , , , , , ,~, """-:I~' "":"-:'-':-:-1 "":',-:,-:-, "","""""",,.....,.., ""',""",~, , 

NSTS ~I 
~I _1_'_'_' ..:.1_1_' _'_'_I~' _'_'_' ..:.1_'_'_'_'-l..1 _'_1_1_' ..!.I_'_'_' _'~'~' _'_1_' ,!,I.,:'_'....:..'..:..' I I I , , I 1 II , , ' II 1 I ' " 1 I I , , , I 

NIOSB ~ 
I I I 1'1'1' 'I' '" I" I I I" "I' '1'1'" 'I'" I I"" ,I 111,111,,111,,1' I II 

NCEND ,\, , , / 
, "." """ "'" "" "'" " """"'" """ "'" '" J 

NCBYT \ -/ 
J , , I fl' •• I If' l' 1.1 f' I r I,' I 1'1 I I I' ". "'., I " .. ,' " , 

NDEND 
, ' , , • , • , .• ,..' .:..'-'--..;'-' -'_-.!.'-'-'-' -'..;'-' -'-'_ • ....!." •• , , , ' , , , , • , 

f"-IIOD \J \j" ,V, , 
I • I' I I • I I t I' " I" I I I,' I.' t'" '1'" 'I'I I' f' 

"'" , " .. ," . , 
., , ... , ... ," 

• J 

NASYN V V I II", """ "'I" 'I III""" "" I I" 1'1,1'" I'll I I', "I I J 1111,1 I I I, 

-J "-;-'C 

cae 05 10 15 213 25 30 35 40 45 58 55 813 85 , I"', "I I" I" ,1'1'1'1'1,1" "I I I I ,I I I' '" I' ,I I" I "I I ,I I"" "II 
I 
I 
I 
I 
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----------------------~----------~--------- / 

I 
I ri " " 

T F' c D c G. 
/ 

I -----------------------------+ 
I 

INPUT HRLFWORD BURST - CHANNEL END 

NINT\I.... ___ .....J1 
"",,1 ",,11 ,,,,," L-

,"'I", II" "I", 11,1111" II i ,1'1', " 1'""", "" 

NPA X 
""" I"', r'I'I'I",I'II'I'II',I'IIITII,I,"111I1111"IIIIIIT,t'tl~IIIITllttIJlilli,"I'I'~I"'I"II"lr''''~I~'~I-'~t~'~'~'-'~t~,~,~,-,-, 

NDOUT I \ 
, ' I , I , ' I I I , ' , , , , ' I , , , I I I I , ' , I I , , , , I , I , , , , , , I I , , , I ~, ":", ":", ~I~'''''~~'' ":"'''''''''~''''''''I ..,.,-,~,~, -, -,-,-,-, 

POUT 
"""" I' ,II """"" I' ,I" 'II II I ,I I I' ,II I I" 'I ,,"I' ,11'1,1 I" ,I I II , 

NSTS 
,'1""", ,," "," 'I"" '" """ """ 1" """ 'I' '" I" I 'I" "1' '" , 

NIOSB U U 
""""""""""'" I' '" I I""""" ""'" '" "'" "" """""" 

NCEND, ' , , , , ' , " I " , " I " , " , " , ' , , I I ' " , " , , , ,\" , ,--• I ,II I I" I. r II', fl' I I II '" I 

NCBYT 
""""" "'" r"" r I'" r'" 'I"""'" I'" 'I' " """ I'" """ r"" r 

NDEND 
"""" " "" "'" I", " "" 'I"""'" r '" '" , • • J • I I I I I • • • i •• t • I • • I I t 

NIOD - V V V "'" ,I ""1"'",,, " '" ,.", "'" 'I"""'" I"""'" I'" """""" 
NBR \l V 

""1" ""'ll'"", " '" ,," I"""", """"'" ,"II", "'" """,, 

00 05 10 15 213 25 38 35 40 45 50 55 60 70 

' .... INPUT BYTE BU~:ST 

NINT\ I '-I I I , , , , , , I , , , , , , , , , I I , , I , , I , I I I I I , 
' I 

I I I , , , I , , I I , , 
NPA X , , , I I , I , I , I , I , , I I , , I I I I I I I I , , , I , I I I , I I , I I I I I I , 

NDOll! / \ 

\ , ,-, I I , I , , , , ' , , , , , , I , I I I I , , I I I I I I I , I I I I , I I , , I , , I , , 
POUT 

I 
, I I , 

I I I I , , I I I , , I I I , I I I I , I I I , 
I I , I I I I , I , I I I I 

NSTS 
',--'_'_'_'-!..'_'_'_'_'.,....:._'_'_'_'...!.......:.'....:..,'...:'.....:'....!..'...:':.....;'...:.,'..;':.....!I...:.,'..;':...' , I ' , , , , ' , , , , , , , , 

NIOSE ~/~_--!.._----l 
, , , , 

I ' , ' , I ' , , , , I ' , , , I ' ,., , 

NCEND 
" , 

'...:...'_' ___ ..!.-__ ....:......!.......:.....:.....:.....:'....!..,I' '" I I " ' " '" , 

\~71~~~~~~~~--,1 , , ' I ' 
NCBYT , 
NDEND 

I , , , , , , , , , , , , , , , , I I 
, 

N-£OD-----v V \) , , , I I , I , I I , , I I , , , I , I , , , I , , , , I I I I , , , , , , , , , I , I , , I I 

NBR V--\j 
I , , , , I , , , , I , , , , , , , , , , , , I , , , , , I , , , , I , , , , ,", , , , , I , , , 

08 05 10 15 20 25 30 35 40" 45 50 
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I 
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I 
I 
I 
I 
I 
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...... - - -- -- -- ... --.. -- -------- - -,.. --_ .... - .. -- --------- I 

1 
1 1.- T p c 

INPUT 

1\ A [) c 8. 

EYTt BURST - DEVICE END 

hp 1 
1 -----------------------------+ 

NINT'---. -{ 
I , " , I I I I I I I I I , I I I , I I ' , , , I I I , , I I , I , I', , , , I ' , I , 

\,--
• I I I I I I , , I , I , , I I .. I J 

NPR I 
1"'" I II'1' I ''I'' I I III I I I' I I I II I I I II I I I II I I I 111II1 I I I I II I I III I I I, 

NDOUT~.,....,...,.._,_,~ ____ ---Jf. \ 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I , I I I , • , I I • , , I ' , • , I~' "'i',""l.r""I:-T"1 -:,~,:-r, "I-:I~I:-:'" ""'1""",""""'1 ""1 -:1-1""""'" I 

POUT 
,rT'II-'iI"",illl'II"i1""I~III'"I~I'III'lill'I'I~1 ~1'1'1-'111-:1'1~1"'i'1'1~111"'i'1~1~1"'i'1""l'~I"'"""I~I .. ,"'i'I"""I~I~I-:I-I~I""I-:I~I""I-:I~I~I~I~I-I-'I 

NSTS 
I I' '" ",,,, I "11'1 I ,1'1,,1,,1,1'1' I" I ,,1 I I 1,1 III, """ ",." I I " 

NIOSB ~U 
I'" I I"" I' '" I"" I" I. ,., •• I It" I, ••• t , •• I"" I···· I' , •• I' ••• I 

NCEND 
I"" I"" I"""'" I" "1'" 'I 'I" I"""" I"" I' ,., I' "'I 

NCBYT \ r 
I I I I I r I I • I I • I • , J •• , I t ~, ":", -:,i'~1 -:",-:,i,:-:-, -:I~'~' -:", -:'-:-'1 ~'~'-:-~I-:'-'-"-' -,--, -'-'-'-1-'-'-' -'-1-'-'-'-'-1 .... • ••• I 

NDEN~ , , , , I ' , , , I ' , , , I ' , , , I ' , , , I ' , , , I ' , , , I ' " Y. I ' I ' , , , I ' , , , I ' , I ' , , , I 

N I OD V V V,....:.---:.....-~--=---.:..----..: 
~I_'_'_'_'~I--'_'_'-'~I_'_'_'--I~I_'_'_'_I~I~' ~'V' ~I j~1 _'_'_'_'~I_'_I_I_I~I~I_I_I_I~_I_I_'_'~I_'_'_'_'~I_'_'_I _'~I~'~'~'~'~ 

NBR V 
J 1'111 "1'1 1 I11I'' I1111 '11'1 I 11'11 III I I I I' " I", 1'1"'1 1''''I'I'' 

08 05 10 15 20 25 313 35 4'21 45 58 55 60 65 

INPUT BYTE EURST CHANNEL END 
" 

N I NT \\-___ ...... , l 
1''''11 I IIII1I '1''''11 '"1" 1 '1 " "1"11 II I I I, ' II , J , , II I II , I I ' II I I I , II I 

NPA X 
I~I"'''''I'''''I"''''I~I~I''''I''''I~I ~IIII"I'li'lTlll'I-~I-~li_"!I!I:~I-~li~I'_'I!IJI2_1-~1'_'I:I]I~_I-~I'_'I:IJI::~::'I'_,-~I-~'_'_""I~I:_I~I""""';""I..,.I-:I"""I~I . ..,.I..,.I-:I~~~I..,.I....,,-I~I 

NDOUT,.....,.....,...,.....,.....,...,.....,-:,.....,.....,..~--,-,.~,{ 
111.1 III I II III I III II 'II 1"1'1"1"" I' III I'I I 'I' II 'I' III 11111'11111111 

POUT 
,i1IIIII'IIII"'III'IIIIIIIIII'I'IIII'I"II'ltll 11'1'111-ltll~I'I-:I'I~I'III-:,""lI-'~~~""I""'I""'I""'I~~I-:I"""I"""""""I""I~I~I~I""I-:I~I~I~I""I-I""'I-I~I~I 

NSTS 
I I I , I I I , I I , I I I I , I I I I I I , I I I I I I I I I I I I I I I I I I I I I I I I I I I , ro' _'_1_1...:...._1 _I _1_1-,',--' _1_1_1-"!.o.I_I_-, 

NIOSB ~ ~ 
I"" I"" II'" I"""'" I""" I"" I'" 'I"" I"" I'" 'I"" I"" I 

NCEND \~:'""':"""'7-:~~~~~~r 
I"" 1"""" 'I'" I I"" I'" 'I" 1'1"" I "I"" I"" I "1" "1 1'. " I 

NCBYT \~-:-7-:'""';"":-"':~:-:-:-:-:-:-~~..,....,...,.. _______ ----,r 
I •• t I f' '" I'" f t I II.". tit t 1', t" I J 1'1 II I t I "1 I I' t, l't 

NDEND 
I~ _____ I~'~' " I '" 'I ' 

NIOD V 
• I"" 

II II I I' I 11,11 I 'II II III I II I 

NER V 
II II I I" 1111, 1'1'11 I 1'1 II I 

'I' I' '1'1' 'I'" 

V \J 
11'1,1 11'1'1 1'111 I 11'1'1 II I 1'1'1 I 111'1'11 I II 

V~~~--~~---~~~ 

11111'"'1 1111 1 'I I III II I ,I I II III I 'II 1'1 III II 

00 05 10 1 5 20 25 38 35 413 45 513 55 6El 65 70 
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