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F=3 THEORY OF OPERATION

Overview & Main Data Paths

The data paths cf the F=3 arey except where noteds
36 bits wide. The central part of the data paths are
nine 2901 IC*s (Integrated Circuits)e which contain an
array of 16 registerss an ALU (Arithmetic-Logic Unitd)s a
temporary register caltled Gy and some control logice
The 2901 has a data ocutput which is called the 0BUS,
and which 1¢ the mair data bus in the F«2 from which
registers get loaded. The 2901 also has an external
data input. In the F=3 the 16 registers are used as
the AC*s (accumulators)e

The ALU 4n the 201 is capable of taking two words
and performing one of eight operations on thems the
result of which is (usually) placed on the 0OBUSs and
may also be tLoaded into one of the 16 AC registers or
the @ registers (In additicne the resutt may be
gshifted teft or right by one as it s stored into a
register. Alsos the C register can be caused to shift
by onee) The eight crerations are: addy subtracts sub-
tract=in-the=other-orders ORe ANDs XOR¢ equivalence, and
AND-with-one-operand-inverted. The two cperands may come
from the AC registersy the @ registers or the data inputs
or one of them may be 0O« Soes for exampley one can add
the contents of the 6 register to the data an the data
jnputy and put the recsult back into Gs or into one of
the AC's. The result could also be loaded into one or
more of the external registers connected to the 0BUS.

The data input of the 2901 can come from any of nine
sources (detajled belcw)e The selected scurce can be
rotated and masked before going into the 2901 data input.
The rotation is a 36-bit left rotate of any amount from O
to 35 bitse The amount is specified in the micro-codey or
the micrc-code can srecify that the rotate amount should
come from a special register for that purposes After the
word has been rotateds it can be maskede Masking consists
of ANDinc the word with a mask word which has M Llow
order bits on (1) anc 3é6-M high order bits off (0).

Me the mask-sizey can be any number from 0 to 36y and 1is
specified in the micro-code$ or the micrc-code can specity
that the mask size should come from a spectial register for
that purposes

one of the nine sources of data is an array of 256
words (3é~-bits each) called the A-MEMe The other eight
sources are: the AR register (see below)y memory data
{see under memory=access)y the mask worde the constant
word (see belowde a wcrd with the PC register (macro
Program Counter register) in the right half and CRYCR
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(flag and status) register in the Left halfe the ¥A
(Memory fddress) register (right half only)y 1/0 datas and
the IR (macro Instruction Register),
If the mask word or the constant word is selected,
masking does not happren. Consequentlys a mask word ofs
says seven bits can be selecteds and then rotated by six
bitse and the resultirg 2901 frput would te 17700 (octal).
The constant is also unmaskeds and can be any six-bit
numbers cr the number 191 (1 ¥n lLow=order bit of each
half=word)e The constant can also be rotatede.
There are a number of external registerss each of
which has a special purpose. The AR is a 3é-bit
register which can be lLoaded from the GBUS on any cycles
and which has severat special purposes. There is a Cdbéz
comparator which compares the magnitude of the high“?‘:' b e
order 6 bits of the AR with the next lower 6 bitse Cop e
Alsos the AR (Low orcer 16 bits) holds the micro=-memory
address when storing into micro-memorye.
The PC 4s an 18-bit register which 1s also a counter.
It can be caused to increment by 1 on certain cyclese
Two registers which are involved in main-memory
access are the MA and HOLDe. In generalsy the MA
(which is 18 bits wide) has the memory-address of the
Location being refererceds and the HOLD ¢which is 36-bits
wide) holds the data being stored on writes., Note that
the MA may be Loaded either from the OBUSs or directiy from
the PCe Memory access is covered in more detail Llatere.
The IR 4s a 36-tit register which 1s intended to hold
the macrc-instruction being executeds Its Left halfe which
has some decoding tocic attacheds is Loaded directly from
the in=ccming memory cataes rather than from the OBUS (to
save time); while the right half is lLoaded from the right
half of the OBUS. The IR may be Loaded in parts. The
options are: load the whole IR (36 bits)e Load bits 13 thru
35 (23 bits)e or Load only bits 18=35 (18 bits).
The flagy or CRYCVe register 1s an 18«bit recister
Loaded from the Left half of the OBUSs except that bit 10
and bits 13 thru 17 are missinge Several of 1ts bits have
special purposes,
The ROT SIZE register is a six-bit register Loaded
from the low~order 6 bits cf the 0BUSe whiche under micro-«code
controly can supply the rotate amount (0 to 35 bit Left rotated.
The MASK SIZF register is a six-bit register loaded
from the low-order 6 bits of the OBUSy whichsy under micrec=-code
controly can supply the mask size (0 to 36 bitse see above)d,
The AC-SEL register is a four-bit register loaded
from the Low=order 4 bits of the 0OBUSse whichey under micro=code
controly can supply the number (address) of the AC (in the
2901) to be accessed. The AC-SEL register can also be used
to supply the low-order 4 address bits for the A=MEM (see below)
and also can be caused to increment by one under micro=cade
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controle.

The DEV=ADR register 1s a five-bit register loaded
from the low=order S5 bits of the 0BUSe which hotds (usually)
the number of the 1/C device being talked toes It also can
supply the high=-order 5 bits of A-MEM addresse

The INT=ADR (interrupt address) register is a 5 bit
register toaded from the INT-ADR Lines. It holds the number
of the interrupting devicees and may be used to drive the
DEV=ADR Llines and adcress the A<MEM,

The MAP-DISP recgister is covered in the map section.

The 10D register holds data which is to be sent to
an 1/0 device durding & normal (non=DMA) 1/0 transtfer.

The HI=-ABS=MA 15 used to supply high-order memory
address bits when the map is not in use, It is loaded from
bits 14-17 of the QBUSy and is discussed in more detail in
the map section.

The MAP~-EXEC=~SR 4s discussed 1n the map sectione.

Main Memory Access

Fvery time the Y2 3s loadeds the main memory does a
read cycle on the following cyclees and the data from that
read will be available at the begining of the cycle following
the read cycles The cata is accessed by selecting memory
data as the external source. The only exceptions to the
read cycle are: if STRT~WRT 4s specified as an additional
degstinatione a write cycle is done instead of a read: and
if the map 1s turned one but not valid for the MA addressye
the cycle is preventede MNote that the MA may be loaded
either from the 0BUS cr directly from the PC (while the
0BUS 1s being used fcr something elsel.

Data to be stored on writes is usually taken from the
HOLD register (however data stored on writes may also be
taken from the 1/C bus)e There are three destination
designations relevant for writing: STRT=WRTe HOLDs and
MEM=STOs Destination MEM~-STC causes the HOLD register tc
be Loaded from the QEUSey and a main memory uwrite cycle to
be taken on the follcewing cycles HOLE causes the HOLD register
to be lLoadeds but no cycle to be takene STRT=WRT causes
a write cycle to be taken on the next cycles but the HOLD
register is unchangec.

Whenever the HOLL register is loadedy (by destination
HOLD or MEM=STO) its cutput 4s selected as the memory
data which s seen whenever the memory data 1s selected
for the external data sources This condition persists
until the next time the MA 1s loadecsy when the selector
goes back to Looking at the data coming in from main memcry.
This means that any time a write is done followed by a reade
the data wiltl come from the HOLD recisters until the MA is
loaded with 2 new adcdress and a new read cycle happens (now
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reading cdata from the main memory instead of the from the
HOLD register). Alscos it means that datz generated in the
2901 can pretend it is coming in from main memorys by being
placed in the HOLD recister (very hancy for accessing

AC®*s as 1f they were main memory). Additionallys the HOLD
register can be used for temporary storagee

MAP

For mapping purposesy all memory adcdresses are
divided into two partse The low-order nine bits do not get
mapped and are sent directly to memoryes If the map ¥s en=-
abledy the high order nine bitse refered to as the virtual
page numbers get mapped by substitution of a news or
physicals page numberi which is obtained by table look=up.
The process consists of simply indexfing intoc the map table
by the virtual page number to acquire the physical page
number (which may be up to 13 bits long). Then the physical
page numbers concatenated with the original low=order nine
bits are the physical address sent to memorye. When the map
fs not enabledy the virtual page nurber is unchangced and
becomes the physical page number. Since it is only nine
bits longe the contents of the HI-ABS=MA register are
used as the extra four high=-order bits:

Virtual Page #
No Mapping: I HI-ABS~-MA I MA 18-26 1 MA 27-35 1

14 17 18 26 217 35

Mapping: I Physical Page Number I MA 27-3% 1

v G A N A D NS NS R GG WM G S WS S WR G ED G YR G R WD W WD O W TR G N S D BB e W e

14 26 27 35

The map has two completes separate tablesy one for

EXEC modes and one for USER mode. It 1is implemented as a
gmall fast memory which is 1k by 18 bitse The ten address
bits are the nine virtual page number bits (MA 18-26) and
the exec mode bit (see below)e The 18 loocked=up bits are?
13 physdical address bitse one currently unused bit called
concealed pagey three bits for separately enabling read.
writey and execute accessesy and a valid bite The valid
bit with each entry tells whether or not that entry has
been loadede There 1is provision in the hardware for clearing
all the valid bitse soc that the map can be loaded one entry
at a timey as each entry is needed (demand loading).
The three enabling bits (which are actually disabling bits)
are compared with the type of cycle being requested to
decide whether or not the access is permitted.

There 1s one modification to this general scheme which
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"should be mentioned here. There is a class of operations
(represented in some implementations by execute=mapped)
which recuire accessirg memcry as though in USER mode
(through the user map) even though the machine is basically
in EXEC modes To make this possibles 1t 1s not quite the
case that the exec moce bit is used as one of the map-memory
address bitse Insteacey there 1s a 4~Lit shift register
called the MAP-EXEC~SRe whose output is used as this
address bite The output of the MAP=EXEC~SR ise unless
special action is takeny the same as the exec bit. The
special action is the Loading of the MAP-EXEC=SRe It is
toadeds from CBUS bits 23 thru 26+ by specifying it as

a destination. Ones loaded into it represent USFR modes
and zeros represent EXEC mocdee The lLow order bit (bit 26>
ise immecdiately upon loadinge the user/exec bit used in
referencing the map memorys and succesively higher~order
bits are shifted ¥tntc that position each time the
MAP-EXEC=-SR shiftses The MAP=-EXEC=-SR shifts just before

any cycle during which a memory write cycle s to be takene.
This in general means that the Low=order bt (26) lLoaded
into the MAP=~EXEC~-SR will apply to read-type references,
and the next higher tit will apply to the first write
reference. Higher order bits would apply tc subsequent
writess if anye The MAP-EXEC=SR is reset to the state
indicatecd by the real exec mode bit at the start cf fetching
the next instruction (macro instruction)y or any time the

real exec mode bit 1s directly changed.
O VJAQA Pc Fb?ﬂ 723 CZQOﬁjud(

Map Traps

Any time an illegal or invalid map entry is useds a
map fault condition existse This is handled by a special
micro=-code trape. On storesey if the relevant map entry 1is
not present (invalid) or indicates no write permitteds then
the map fault condition is true during the cycle during
which the memory access cycle would have occured. I1f this
happense the uwrite cycle is preventeds and a map~fault trap
is taken on the next cyctees On fetchesy the distinction
between read and execute is determined by the MAPF field of .
the current micro-code instructions If MAPF contains 0 or 1 £,M‘+‘b£h!¢?
it 1s an executey otherwise it is a read. If the relevant ‘7
map entry i1s invalide or has the appropriate prevent bit ono .rb*h
the read cycle is preventede A map fault condition occurs
only wher the micro-code destination fielc contains FIXMAC=-
MAPF«RD cr FIXMAC-MAPF=-WRT and the entry is invalid or
indicates cycle prevertione This can be the cycle during
which the read cycle would have happeneds or any Later cycleys
until the MA or the state of the map are changede A map
fault condition occurs if the destination field (of the
micro~-instruction) contains FIXMAC-MAPF=RD and the map entry
4s invalide or indicates read (execute) prevent$ or if the
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DEST field contains FIXMAC-MAPF=WRT and the map entry is
invalide or indicates read (execute) prevent or write prevent.
Thuss FIXMAC-MAPF~WRT is intended for fetches of locattions
that are going to be re=writtens and FIXMAC=MAPF=RD for
fetches from lLocations which are note

Wwhen a map=~fault condition occurse @ trap is taken by
causing micro-code ccntrol to transfer tc a map trap location
on the next cyclees Note that this s usually two cycles
after the one on which the read or write was initiatede The
address of the trap location is formed as followse The Low=
order twoc bits are 03 the next four come directly from the
MAPF field 4n the current micro~code words the next bit
4s 13 the next three are 03 and the high~order six come from
the MAP=-DISP register. Some examples:

MAP~DISP rege. MAPF field resulting trap location
0 0 100
0 1 104
0 7 134
1 0 2100
3 16 €170

Input /0utput

For the purpose cf attaching input/output devices te the
F=39 there 1s a structure called the F-BUSe The F=BUS {is
used both for transfering data (or commands or status) one
word at a time through the CPU (I0TS)s and for direct memory
access (DMA)Y in which the device transfers directly to or
from the main memorye.

The F=BUS consists of a bunch of wires on the back=panel
which are wired in paratlel to all the slots into which I/0
cards can be pluggedes There are 36 data Liness which are
bi=directional and which are used for both I0TS ¢input/output
transfers) and DMA. There are five device-address lines,
which are used for ICTSe to tell the devices which one the’
CPU 1s coing the 10T to. There are five interrupt-address
{inesy which tell the CPU which device is trying to
interrupt. There are 22 1/0 address Linesy which tell the
madn memorys durring CMA transferss which memory address is
bedng referenced. And there are a number of control Lines.

- I0TS are initiated by micro-code instructions which
have I0OB~0UT (request 1/0 bus cutput cycle) or IOB~-IN
(request 1/0 bus input cycle) 4n the special function field.
when this occurse the transfer takes place on the cycle
followinge In the cese of 10B-0UTe the data in the IOD
register is placed or the F=BUS data Liness andy at the
énd of the cycles IOF QUT STB is sent anc the device whose
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sddress is in the DEV-ADR register witl strobe the datae
In the case of 10B~INs the signal I0B DRV in will be sent
during the whole cyclees which causes the addressed device
to place its data on the F=-BUS data Liness where the CPU
sees it by selecting I/0 data as external source. 1In
addition to all thise the four bits of the MAPF field {n
the micrc-code instruction (the one following the one with
10B~IN or IOB~0OUT) are driven onto four SUB=-SEL (sub
select) Llines of the F-BUSe and may be used by devices to
distinguish intended sources or destinations within the
device.

Interrupts from devices are handled as a special case
of opcode dispatching. There 4s a common INT R@ (Interrupt
Reguest) Lines which is driven low (open collector) by any
device wanting an interrupt. And there is a daisy-chained
INT 1T*S YOU Line to establish a priority for when more
than one device requests at the same time., The interrupt=-
ing device sends its eddress on the INT ADR Lines, ands
after synchronizations the next dispatch will go to the
interrupt locationsy and the INT ADR lines will be turned
around and sent out on the DEV ADR Lliness so IOTS will
refer to the interrupting addresses and A=-MEM references
will refer to the block of efght Locations associated with
that device. There is more about this #n the dispatch
gectione

DMA cycles are initiated by the device driving the
common (open collector) DMA RG Line. There s also a
daisy~-chatined BUS IT*S YOU Line which establishes a
prioritys The highest priority requesting device places the
memory address of the word it wishes to accessy and either
OMA READ RQ@ or DMA WRT RQG on the appropriate F=BUS Lines
(tri-state)e After the request Line has been synchronized,
and when the memory control decides 1t can do a DMA cycley
it does the appropriate type of memory cycles to the
Location whose address is on the F-BUS address Lines. I
it 1s a writey it serds BUS ENABLE WRT DATA during the
cycley which causes the device to put its data on the F=BUS
data Linese If it is a ready it Latches the data and sends
BUS READ SECOND CY STB during the next cycles which causes
the device to strobe the data from the F-BUS.

A=MEM

The A«MEM 1s a small memory in the CPU which 1s 256 words
by 36 bitsi it therefore has eight address bitse The A-MEM
is accessed as an external data sourcesy and its data can
therefore be rotated and masked. It 1s stored into from
the 0BUS. Access to the A-MEM 1s controlled by combinations
af things in the external source, destinations and special=-
function fields in the micro-code worde.

There are a number of options for the source of the

Page 1:6
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eight address bits fcr the A-MEM. In the usual casey the
high=order five bits come from the F-BUS device addressy
which comes either from the DEV-ADR register or the INT=ADR
(interrupt address) register (see 1/0 section)e Hencey the
high=order five bits arey in the usual caseqy the number cf
the 1/0 cevice currently being thought about. The Low=-
order three bitse in the usual casey comme from efither the
low=order three bits of the EXT=SRC fielc (fetching)s or

the Low=order three tits of the DEST field (storing).
Another option is to force the high~order five bits to be 04
with the lLlow order three as above ( SPEC [ A-MEM<=APR 1 ).
The final option is tc have the high=order four tnote! == §)
bits come from the high-order four bits cf the F-BUS device
addressey or be 0+ as in the first two examples$ and the lLow~
order four bits come from the AC-SEL registery which is also
a counter. The purpcse of this ¥s to allow transfering all
of the AC*s to or from a 16 word block of the A=-MEM with a
short and simple micrc=code loope.

Please notet: the A-MEM can not be read from and written into
on the same cycle!?

Control Logic == General Features

Clocks & Cycle Length

The basic (minor) clock period 4s S0 nano-~secondse The
ltength of each cycle is controlled by the micro-code (occasionally
overridden by some Logic) and s a nrultiple of 50 nano=secondse
The shortest cyclte which can be specified is 300 nano-secondsy
and the shortest which is useful 1s 350 nano=-seconds. Most
cycles are 400 nano-seconds or longer. 400 3s the shortest
for cycles on which memory cycles happenes The cycle lencth
is specified by the CY=LEN field in the micro-codes. This
is overridden for DMA cycleses which are forced to be the
longer of 550 nano-seconds and whatever is specified by the
micro-cocee

Bus Control & Lock=out
Dispatchesy Interruptse I/0 Stuff
(ECC & AR INT & Switches)
Ptan of 2ttack == Micro~-coding
General Simple Instruction Plan (ADDs ANDs XOCR)

Jumpse MULe DIVye IO0OTS

Lights & Switehes
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SCHEMATICS and CARDS -~ WHAT®*S WHERE

There are efight cards (wire-wrap boards) in an F=3 CPUs
plus up to eight mair-memory cards (printed circuit boards),
and a number of I/0 controller cards depending on the 1/0
conficguration. The eight CPU cards are: three bit-sl ice
boards (BSQ0e BS12s BSZ4)e three control Logic boards (CON1s
CON2s CON3)e a memory control and map board (MAP)y and a
micro~code memory board (MUM or MUM1l).

The only differerce between the MUM and MUM1 boards is
the type of memory chip used to implement the micro-code
memorye Either board contains 4K (by 72 bits) of micro=code
memory and associated togice and a few lamp drivers. The
micro-instructions are read from one of two scurces?: the
microcode memory (normally) or the bottom 2 rows of front
panel switches (for cebugging = when the MI FROM SW switch
is uple Unfortunately the micro-instructions may not be read
back to the data path; howevery they are displayed in the
front panel Lights for debugging purposes, The micro-
instructions are clocked into registers on the CON1ls CONZs
and CON3 cards3 where they are used to control the micro-
machine. Micro-instructions may be written into microcode
memory from the front panel switches or from the £ 0BUSe The
microcode address Lines (from the 2910 seaquencer on the CON1
board) enter the MUM1 (or MUM) board and select a location
{from 1 of four memory banks) which contatns the micro-
fnstruction. The microcode memory 1s made up of 1K of PROM
and 3K ot RAM (three 1K banks)e all 72 bits wide.

The bit-slice boards contain the main part of the data
paths == the A-MEMy the external data selectorss part of the
rotator the mask generator and maskery the PC switch
recieversy the ARe the IRy the PCe the MAe the 2901%s, and
the selectorssy driversy and lLlatches for the F=RBUS and main
memory datae The rest of the rotator 1s on the CON2 boarde
The three bit-slice boards are similar to each othery but
not identical. For instances the MA and PCe which do not
have Left halvesy are not included on the high=order boarde.
BSO 4s the high=-order board (bits 0=11)¢ BS12 is the
middle one (bits 12-23)e and BS24 the low-order board
(bits 24-35),

: The MAP card contains (as one might guess) the mapes and
its associated lLogics It also contains some matn-memory
data paths and the error-correcting-code togice memory board
timing and controlling logice address selectorsy and a few
odds and endss Like lamp drivers.

The CON1 card has the clock and individual clock pulse
generating Logice the timing and sequencing lLogic for the
F-BUSs mein memorys and DMA cyclesy and the micro-code
memory controle Alscs the micro=code secquencer (PC)y condition
selectore and much data-path control togic are on CONle. The
degstination strobes are generated or CON1,.

The CON2 card contains the bulk o¢f the rotatore the
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ALU carry-look=ahead togicey the MASK=SIZFf register and ercoders,

the ROT~SIZE register and selectore the constant generators

the AC acddress selectcrs the AC-SEL counters the ALU shift

end-condition logice the CRYOV registery the DEV=-ADR register

and the INT-ADR register and selection logice the interrupt

synchronizery the A=-NEM address generatorsy and some lLamp driverse
The CON3 card contains the date Light register and drivers,

some switch ICT and interrupt Logice the map enable bit,

ECC error interrupt tcgice and generates the ALU control signalse

Legic == Drawing by Drawing

The Logic of the F-=3 is discussec in detail on a drawing
by drawing basise with the exception of a few pieces of logic
which are distributec across several drawings (ande in some
casessy several boards) which are discussed in sections of
their oun.

THE BIT=-SLICE BOARDS:

Since mueh of the Logic is the same on the three bit-
slice boaerdss they will be tovered together. The drawings
for BSO are named CFBS1 thru CFBS7e Those for card BS12 are
named CFES11 thru CFES1T plus CF12HM,e and those for card RS24
are named CFBS21 thru CFBS27 plus CF24HM.

CFBSle CFBS11lyy CFBS21 =~ External Data Selectorss A-MEMs and
Strobe Bufferse

These drawines are the samesy except for bit numbers.
YThe 12 748251¢%s are the external data source
selectorses The selector address bits are £SS4y ESS2,
& ESS1e The 4y By and C versions are for fan-oute
The 74S251°%s select ARy memory datae mask generator
cutpute constant (many bits of which are GND) PC
(CRYOV in Lleft half)e MA (left half zerod)s 10D (F-BUS
catale and IRe The A-MEM (the twelve 29721*s on these
drawings) are selected by disabling the 74S251%s and
enablLing the 29721%s (tri-state)e The signal ENBL
SRC RIGHT L (also LEFT) 4s the 748251 enables the
LEFT and RIGHT versions are logically fdenticale.
The A-MEM enzble is A=-MEM CE Le A=-MEM WE L¢ 1s the
write strobe for the A-MEMe The A=-MEM address bits
(A=MEM ADR #) and the CE and WE signals are buffered
for fan-out by the 74365%s at the left of the page.
Since the 29721 inverts fts datas the 0BUS is
inverted by the 74LS04%s before coing into the data
inputse

At the lett of this page 1s a tristate driver
which buffers the following strobes: STB ARe STB
HKOLDe STB I0Ce STB IRe STR MAe STE PCe and CPU RDe
come of these are clock inputs toc registersy and the
cthers are the gate inputs to latchese.

1:9
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CFBS2¢y CFBS12¢ CFBS2Z =-- Masker & PC Switch Selectors.

The Logic at the bottom of the drawings fexcept for
the CFBS2 drawinge where this Llogic is in the middle
of the pagedes which is made of 74S08%s and 74S32%s f{s
part of the mask generator and s discussed
seperatelyy under that heading (see CON2 schematic?
CFGPR description)e The 12 sections of 7408 in the
middle (top on CFBS2) of the drawings are used to AND
the output of the rotator (SHC #) with the maske. The
74157 1C*®*s which they feed then select between this
masked version of the datae and an unmasked versions
The unmasked version is selected in three situations.
Firste It i1s done when the mask is itself selected as
the external cdata sourcee sc that the generated word
can be rotated without losing high-arder bitse
Secandlye 4t is done when the constant s selected as
the external sourcey because the MASK SI1z2f field is
used as the ccnstante In these casesy since one has
control of the data (mask or constant) no masking of
it would ever be needed anywaye Thirdlys the
unmasked data s selected whenever a shift (within
the 2901 ALUs not the 25S10 rotators) type of ALL
destination is selectede This 1s becauses to save
micro=code word lengthy the MASK-SIZE field is used
to specify the shift end conditions (i1.es rotate,
Logicaly arithmetice or spectal MULT/DIV) with these
types of operationse Since ALU shift destinations
are only used for multiplys dividey and double=word
shiftse it was not thought worthuwhile having micro=-
code bits dedicated to them. The outputs of the
74157 IC go directly to the ALU (2901) data inputse.
The 74365's at the top of the drawingse except
CFBS2e are the PC switch selectors (drivers)s, When
enabledy they drive the PC switch datas which comes
directly from the switchese onto the micro-code
address lines (MIAD #) and the F=BUS data lines
(10D #)s Both of these are tri=states Thesge
crivers are missing from CFBS2s and only partly
present on CFES124 because the relevant bits are
missing from the micro~-code address and the PC
switches.
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CFBS3e CFBS13y CFBS2Z == AR & IR,

The 2918°*s ir the upper Left are the AR. They are
toaded ¢STB 4R) from the OBUSe The 2918 tri-state
cutputs are used to drive the AR data (bits 20~3%)
onta the micrc-code address lLines (MIAD #) during
micro-code memory storese ENBL AR MIAD L s the
enable for thete The IR is made of several dif=-
ferent sorts of type=D flip=-flope This is so the
strobes for cifferent partes of the IR can be
seperatecd. The strobes (EARLY LLC IR STB and STB
IR)Y are buffered through a 745241 (on CFBSOs
CFBS11le and CFBS21) before they reach the IR
register clock inputse EARLY LD IR IDX STB is not
bufferedy but instead comes directly from the
connector to the clock input of its IR register on
CFBS13., MNote that some of the IR bits have two
namese asy for examplee IR 12 = IR AC 1+ On CFBS3
are two 7485 comparators. They compare bits AR 0
thru AR 5 with bits AR 6 thru AR 11ls and produce a
sfgnal which is high if the former is less than
the Latter. £lso on CFBS3y in the lower right, is
a 7425 which generates a signal which is high when
bits IR 9 thru IR 12 (AC field) are zero.
Likewisee on CFBS13y is a 74520 which generates a
sfignal which 4s high if bits IR 14 thru IR 17 (IY
field) are not zeroe

CFBS4e CFBS14¢ CFBS24 == MA & PCy & Part of Rotatore

tt the Left cf the drawing (on CFBS4y the only thing
on the drawing) are three 25510°%s. This 1s the
first stage (of three) of the rotator. It takes the
data from the external data selectors (E«SRC #) and
rotates it Os 19 29 or 3 bits lLetty based on ROT
SIZE 1 and RCT SIZE 2. The other two stages of
the rotator are on the CON2 card ¢see description
cf CFSH2 and CFSH3 drawings) and complete the
rotation.

Since the PC and MA have no Left halfy there
is nothing else on CFBS4y so the following refers
to CFBS14 & CFBS24 onlye. At the right is the MA,
made of 748174 (for speed)e Its input comes fror
a two-way selector (74157) which selects either
the OBUSy or the PCe The PC s the next thing to
the Left of the 74157%se and is made of 74161 four=
bit binary counter chipse Its tnput comes from the
CBUSe note that the carry chaine connecting successive
74161%sy extends across the card boundary between
CFBS14 & CFBS24. when PC enbl iner h is hichs the
pc will count (ups by one) each time stb PC makes
¢ transition from tow to highe #f PC enbl incr h
is Llowse the FC will be Lloaded from the OBUS on each
such transiticne,
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CFBSSe CFBS154 CFBS25 -~ 2901 & E OBUS Criver

these drawingcs have the 2901%sy with atl their inputs
and outputs lLabeleds note that out=0 is an open-
collector signal == the pullup is on CONl, things
Like ALU ov &nd out<0 are outputs of the high-

order 2901 (CFBSS5)e at the bottom of the drawing are
two 74365*s which take OBUS and drive it as e 0OBUS
onto the back-panele this s for fan-out.

CFBS6y CFBS16¢ CFBS26 == F=BUS & Main Memory Data Selectors & Latches

at the Left of the crawing are two 748373, these are
latches with tri-state outputse they lLatch the data
coming in from main memory at then end of each read
cycle (cpu rc h) and holtd 1t until the next read.
their output (mem x) is the mem input to the external
data selector. the 2918°s with which they are inter-
spersed are the HOLD register. they are lLoaded from
the 0OBUS (stb holtd) and their output goes to the
74157 (to their right) which selects data to be sent
to mem on stores. the tri-state version of the hold
register is wire-ored with the reade-data lLatches to
make the mem x inputs to the external data selectors.
thi¥s makes the store data avatlable instead of the
old read data.

the other input to the 74157¢s is the F-BUS data
(I0OD x)y which 1s selected on DMA cycles ¢(for DMa
stores) ~= at all other times the HOLD register is
selecteds for CPU writese

at the right of the drawing are two 74S373%*s and
two 748S374%s. the 745373%°s latch the memory read data
on DMA readsy and drive it onto the F=BUS data lines
(I0D %) when appropriate (mem to I0D L). the 745374°%s
are the 10D register for holding the data to be
sent to the device on {otse 1t ¥s loaded from the
0BUS (stb I0C) andey when the 1ot 4s dones enabled onto
the F-BUS data Lines (cpu to IOD LY. at the bottom
right of CFBS16 are some gates which detect that
mem 13«17 are zeroy_and send mem idx=-ind when
they are not. this@ﬂs to detect the presence or
absence of indexing and indirecting on words comming
in from memory.
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CON1l CARD:
CFCLC =-=- Clock Generations Cycle Length

in the lower left are three 745161 counters. these
decide the lLength of each cycley and generate a
once=per=cycle signals which Later becomes the main
clock pulse. each 74S161 has 1ts carry out output
inverted and connected to i1ts carry in input. this
causes each ccunter to count on each 20 mh2 clock
pulsey until it reaches octal 174 or unless ¥ts lLoad
{nput is Lowe. the general scheme is that each

counter is loaded with a number (by having its lLoad
fnput tow during a clock pulse)y thens when load

goes highe 1t counts ¢(at 20 mhz) until 4t reaches
octal 174 at which point 4t quits countinges and remains
at 17 until the next Loade the right-most of the
three 7451€1%s counts the first (constant) part cf
each cycles iJts load input 4s low at the start of each
cycley which causes it to Load an octal 12.

this makes its carry out output lcwe which forces

the output of the 74510 (which goes to ¥ts load

input) to be highes which means it will count until it
gets up to octal 17 (this 1s six clock pulsess or 300
nanosecondsy counting the clock which Loads the 12).
the carry out of this counter goes to the load fnputs
of the other two counters. this means that during the
cltock pulse which counts this one to 17y the other

two will Leocad (also during eartier pulsess but they
don't matter)., the left-most counter loads efther

17 ¢if no DMA cycle) or some smaller number ¢(minimum
for DMA cyclesy currently 12 == for S50 nanose€cCe)de

the middle ccunter loads the number from the cyclee
tength field of the current micro-code worde. at

this point the rightemost counter has 17. 1f both

of the other two counters have loaded 17y the output
cuf the 74S10s which ands the three carry outsy will
go lows which will start the next cycle ¢(note that

six clocks have happened == 300 nanosece) by causing
the right-most counter to locad 4ts 12, 41f either of
the two lLeft-hand counters has Loaded something other
than 17, its carry-out will be Lows and on successtve
clocks ¥t will county until both have reached 17, at
which time the next cycle will starte this arrangement
means that the a cycle 1s a minimum of 300 nanosecondss
tut is lengthened to the Longer of the two lengths
specified by the inputs to the twe counters -- DMA

and cy=-lene.



$ <FOODCC>F3.D0C31 Thu 17-Dec-81 6£:25PM Page 1114

the outprut of the 74S10¢ which 1s Llow at the
start of each cycley is strobed intc the 74S74 above
it on each clcek pulses this produces a synchronized
cnce=-per-cycle signal called pre-cpu clce to the
richt of the 74874 (and below) are two 74164*s which
form a 16-bit shift register. the high once-~per-cycle
signal goes into the shift inpute the first ocutput
of the shift register will then be high for one ctock
perdod (50 nanosecels and this defines CPU clock
times this ocutput is dnverted (through the 74366)
to produce the actual CPU clc signals most of the
ctock signals go low for 50 nanosecondss and have
thedir effect cn their rising (trailing) edges consequently,
cpu clock time i1s the trailing edge of this pulse.
each successive output will be hich for one
clock periods 50 nanoseconds lLater than the one before
fte the shift register is cleared when the 74S10
goes Low == near the end of the cycle == to aveoid
having Late clocks slop over intc the next cycle.

CPU clc s the first clock of each cycles and
is the main clock for timing everything In the cpru.
the destinaticn registers (with a few exceptions) are
strobed by its as is the micro-code instruction
register (mi}s, 1n other wordse the sequencing of the
cpu is such that at the start of each cycles the
micro=-code wcrd is strobed into the miy and then
during the cycle all the data paths set up and the
cutput of the ALU settles to the result} alsoc the
micro~-code seaquencer forms the address of the next
micro instruction to be executedy and that word is
fetched from micro-mem, when all of this has settled,
the next clock pulse happense which strobes the data
result ¥nto atl indicated destination registerss and
Loads the next micro instruction into the mi.

one-hundred nanoseconds after CPU clc on every
cycle ¥s early stb clce this generatessy when
appropriates the strobe for the Left half of the
ire this is cone so that on the first cycle on which
data is available on a memory fetchs 1t can be put
into the IR and the op=code can be dispatched on.
Wwithout this features the data would not reach the
ir until the end of the cycles and the dispatch could
not happen urtil the next cyclees

also 100 nanoseconds after CPU clc 1s bus clce
this is the main timing pulse for the F~-BUS and
for matn-memory cyclese since a memory cyclte can't
start until the address {is availabley which takes
almost 100 nanoseconds (from lLoading MA to output of
maple 1t was simplest to start all memory cycles
100 nanoseconds after CPU clcs and since the memcry
can®t do anything for this cycle during the first
160 nanosecondss it might as well be finishing the
previous cyclees for these reasonse the memory cycle
is skewed by 100 nanoseconds with respect to the
cpu cycle. the F-BUS cycle 1s made to agree with
the memory cycle to make DMA cycles simple.
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at the Lower right are two 74109%*se whose
clock inputs are driven by two 7402%s. these gererate,
timing signals for sequencing micro-memory stores.
mi sto mucode will be true ¥f the current micro
instruction indicates micro-code storinge {f this
is truey the top 74109 mu sto go will come on at
time 300 (300 nanoseconds after CFU clc) and witl
stay on until time 650. the Lower oney which generates
the actual write strobess will come on at time 400,
and last until time 600 -~ generating a 200 nanosecond
write strobe., mu sto go causes address and data
gating to set up for the stores below the 74109 are
four gates which generate the write strobes or the
appropriate half of the micro-mems and or in the
write strobe cenerated by the deposit switche

just above the 74366 which buffers the clock
signals is a 7474 whose output is A=MEM we clc he
this flip-flep ¥s turned on through its direct set
input by the leading edge of the time 200 clock signal
-= in otherwords at time 150, the flip=-flop stays on
until the enc of the cycle (turnec off by CPU clc)e.
this signal (high) 1s used to generate the write-enable
for the A=MEM chipse ‘

the upper left and middle of the drawing has
some Logic fcr generating main memory refresh timing.
since the main memory is made of dynamic ramse. refreshes
are necessary. the 74S161°*s count down the 20 mhz
clock and generate a rising edge every 12.8 micro-
secondse this period means that the refresh counter
ton the mem card) will count through its 128 coltumn
addresses once every l.6 milliseconds == which 1s well
within the 2 millisecond Limit. each time this edge
accursy it sets the first 7474 (cr the seconds ff the
first 1s already set)e the output of this flip=flop
is synchronized to create refr roe which causes a
refresh cycle to happen at the next opportunity. the
purpose of the second 7474 is to detect when refresh
cycles have teen lockec out by DMA cycles for a full
12.8 microseconds. in this case the second flip-flop
hard refr rq disables (on another drawing) DMA
cycless the signal refresh is true during refresh
cycles ande 1f the second flip-flop ra 1s not ony
clears the first flip~flop (through the 74S800), the
first flip-flop being clear cltears the others. it
the second flip-flop is on when refresh happense 1ts
traiting edge sets the flip=flop below the second ones
and the secono refresh cycle will clear the first
ftip=-flope

various cther clock pulses are generated by the
cutputs of the shift register which are covered where
they are used.
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CFMCON =~ Clockse Micro-Memory Controlsy Control Switches

in the upper middle of the drawing is a 7474 whose
Lower output §s lLabeled =cpu stope. this flip=-flop
when sety stops the cpus and when cleareds altlows
1t to run. the fiip=-flop ¥s clocked at the end
of all cycles during which the CPU 4s running. $f
the stop switch is ony and the micro-instruction is
not requesting an F=BUS %ot cycles the flip=-flop will
be sety stopping the machine, 4{ots are allowed to
take both of their cycles before stoppings below
the CPU stop flip~flop are two flip~flops which detect
the Leading edge of the continue switchy or either of
the exequte switchess when this happense the cpu
stop flip=-flop is turned oftf once per edges. note
that 1fsy at this timey the step switch is offye the
machine will run until stoppeds whereas is the stop
switech 1s one the clock at the end of the cycle
will turn the stop flip~flop on ~- hence causing a
single cycle to happen (or two cycles iIf an fot).
the CPU stop flip-flop is also set (through tts direct
set input) by certain error conditions (micro-code
parity errorsy and main-mem hard ecc errorse if enabled).
to the right of the CPU stop flip-flop are
the gates which and the note-stopped conditions with
cpu cle to generate the clock signals which go out
to the rest of the machines there are several versions
for fan-ocut and to make both flavors (high & lowle
in additione PC clce which controls the micro=code
sequencer (next address generator) is disabledsy while
the others are enablede if the xct dat switch s
rushede this is to allow executing a micro instruction
(probably from the switches)s and having its data
effects occure but not changing the micro pce.
at the Lleft middile of the page is the 20 mhz clockye
which §s simply a ttl clock d¥p (sguare-wave generator}
end some gates for drivee.
the bottom half of the page has some Logic for
controliling the micro~code memory. since up to four
mum cards (uwith 4k each) could be plugged ine the
74155 at the right decodes the appropriate bits of
the micro~address and generates the enables for the
cardse« when any of the xct switches are pushed,
or the sw mi from su switch 1s one the enables are
all turned offy which disables the memory chipse also
enbl mucode 257 L 1s made trues and sel 257 QBUS
is made false. this causes the output of the micro
memory to be driven by the data switcheses at the
Lefty the deposit switch (depc sw) is anded with
the stop switch (to avoid clobbering micro-mem)y and
the Leading edge sets the 7474¢ this causes its



3 <FOODOCDF3.D0OC31 Thu 17-Dec=81 63:25FM Page 1:17

upper output to go Llowes and this output goes to the
input of the 74164 shift register. the shift register
is always shifting (at £ mhz)y so a string of zeros
will be shifted through the registers untit it reaches
the fourth outputs which turns the 7474 back one hence
a string of tour zero bits will move through the shift
registers when the first output goes Llowe it turns
off the mem=-chip output enables (mu oe L) and enebles
the data switches onto the micro-mem ocutput bus (which
is also the irput bus) through the 7427 & 7402, it
also forces the mem=~chip chip enables ons through the
74155+ 200 nanoseconds lLatery the second cutput goes
lowe sending the write-~enables €00 nanoseconds later,
the first output will go high agains but since the
third and fourth ocutputs are by this time lowe that
will have no effectes 200 nanoseconds laters the second
cutput will cc highe turning off the wrt-enbl. next
the third goes highy releasing the switch and chip
enablesi and finally the fourth goes highs turning the
mem=chip output enables back on. this completes the
ceposit switch sequencing. note that mu sto go

sneaks into the 7427 and the 7410%s to enable the

0BUS onto the micro-mem buse and disable the mem-chip
cutputse

CFMIP =~ Micro=Code Paritys Fandom Signals

at the teft of the page are four 93s48%s,e which
generate parity on the bits ot the micro~instruction
register which are on the CCN1 carde parity from
bits on other cards comes in (mi par 1+42¢3) and
the parity of the whole 72=-bit word is generated
by the right-rost 93s48. this {1f wrong (odd)s 1is
ended with the mi par stop switche and generates
mi par err hey which (elsewhere) sets the CPU stop
flip-flope at the upper micdle are four 74S32%s
which buffer 10 bit of the external scurce field
and send it tc the bit-slice cards to enable (1f Low)
the external data selectorse. Just to the right of
thise the sane bit enables the A-MEM chips 1f 4t is
high == throuch the 74851. 1if the current micro
instruction specifies storing in the A=MEM (dest
A=MEM)e the 74851 enables the mem-chipss and the
7400 sends write strobey during the A-MEM we clc
period.

in the middle of the pages a 74365 buffers the
MAPF fields and sends 1t to the F-BUS as the sub
sel bits., it also buffers the in enable and
out strobe for jotse 1in the Lower right are two
7474%se the upper one is cleared when stb hold
happenss enabling the HOLD register onto the mem
data Linesy and disabling the mem datae stb ma
clears the Lcwer 74744 which sets the upper oney
(which sets the Lower one)y reversing the situation
(enabling mem datas instead of hold).
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CFOEST =-- Destination Field and Special Function Field Decode

the 74155 at the upper right decocdes DEST field
codes 0 to 3+ and produces the early (time 100) strobes
to the indicated parts of the IR left halfe. below ¥t
are two 74S12€6%'sey which decode DEST field codes 0 to
17 and send the strobes at end of cycle (stb clc¢c) to
the indicated data path registers. a few of these
strobes are not four registersy but cause control
functions to happen (Like stb hi abs MA and clear
mi error L) at the Left are twoc 7435138's
which decode codes 20 to 37. the bottom one decodes
20 to 274 anc¢ sends end-of-cycle strobes. the top
ocne decodes 20 to 37 in pairse and its output 1is
not conditioned by the strobe pulses sos for example,
mi strt wrt L is true for the whole cycley 1f
either destLZC] or destl21] (strt-wrt or mem~sto)
are selected. above this are some gates which do
a Little further decoding. gonna memsto detects
when the micro-code is doing a storey so the tocat
user shift register (map card) can shift. the
fetch next {instr signal detects when the micro=code
has finished with a macro instruction and is going
to the nexty so the local user shift register can
be reset. it detects when the MA 4s being Loaded
from the PCe cr both the MA and PC are being loaded
(as on a jump)e at the middle Lefty dest codes 30
through 33 generate the micro-instruction fixmac L lLevele. thiss
at the bottom lefty causes the HOLD register to be
toaded 4f (and only if) the MA contains an AC address.
thise ¥f it occursy will cause mem data to come from
the HOLD registers instead of memory. the purpose
of the fixmac function §s to allow memory locations
0 to 17 to be the AC®s.s 1{ify during the cycle that
the main memory is doing 4ts fetchy the fixmac destination
is giveny and the ALU s caused to fetch the AC addressed
by the MA, that AC data will be strobed into the hold
registers and Look Like it came from memorys onty 1f
the MA contains an AC address.

at the upper middle are two gates which generate
the strobes fcr the AR and mae. 4in the middle are
two 74S138%s which decode the special function
fieldsy and send out the signals for them. note
that many of these signals are caused by several
special function codess so many of the
codes cause 2 combination of things to occur. for
exampley code 12 causes sel A~MEM apry and 14 causes
dest A=MEMy but 13 causes bothe codes 6 and 7 cause
the PC to county 1f the dispatch (being done at the
same time) is going to be based on the opcode (no
interrupts indexs or indirect) whereas code 10 causes
the PC to increment regardlesse
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CFMIAD =-- Micro-Code Sequencer

it

in the upper left is the 2910 12-bit sequencer chipe.
it contains & 12~-bit counters and can perform a
number of functionss specified by the four inputs
30 through 3. 1t can simply count its countery or
it can perform unconditionals or conditionals jumpse.
the condition input is cce and comes from the signal
cond (generated elsewherey by a selector) which
is disabted (forced false) for jump-codes (j code)
14 to 17. this is because 16 (continue) and 17
tcounter lLoad) do not wish to Jumpe 14 is unused and
15 (special Loop) ignores the condition code,
the 2910 has a loop countersy which
is loaded on jump code 17¢ by making the =rld
input Llow (the 74S20)e it also has a stacke and
can perform cocnditional pushj anc popje the clock
for the 2910 is PC clce the 2910 output s driven
onto the micrc-code address lLines by the 74S241°%se.
the jump address for jumps and pushjs comes from the
2910 data 3dnputss called j adr xe the rest of the
page ts devoted to generating those bitse the lLogic
om this page is most easily described in terms of
what happens for each of the j-codes.

j=-code € is the 2910 reset functions the J-acdr
is {ignored.

j=codes 4 (unused)e €& (popJ)e 10 (same as 0)«
11 (unused)s 14 (unused)s 16 (continuelds and 17
{Loop=-counter lLoad) ignore the j=~adr.
the three Low~order j=code bits go directly
(except for map-fault trapses see below) into three
cf the functicn select inputse the fourth 1is. grounded.
the condition code {4s disabled on 1€ & 17 so they
won®t jumpe.

j=codes 1 (pushide 3 (Jumpds 5 (Looply and 7
(jpop) all gererate the j-acr the same way =~ from
the J-ADR fileld of the micro instruction. sinces for
these codessy none of the used outputs of the 745138
in the Lower left are lowe the two address bits {into
the 74153°s which select j=-adr bits 2 through 9 will
te 0¢ causing them to select micro-instruction j-adr.
Losw=order address bits into the 74151¢%s (for bits
10 & 11) will be Low for the same reasons causing
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the two

Eit 10 to select micro~instruction j adr 10e and bit 11, since
mi § code 1 is highs to select micro-instruction } adr 11.

jecode Z (lbjump) is identical to 3 (above)d,
except that since micro-instruction jJ code 1 is Llows §
11 €the LlLower 74151) will select conde causing
the jump (which s unconditional) to be to the
indicated addresss or that address plus 1y depending
on the conditione.

=adr bit
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j=code 12 (dispatch) is the most complicatec
cases the 74153 address will be 24 because the 748138
disp output will be lowe this will cause jJ-adr
bits 2 to 9 to come from the IR opcode fields bits
0 to 7¢ except that for certain opcodess IR bits & and
7 are forced to 0y and except in the case where the
ir econtains the indirect bite or a non=zerc iIndex
fielde or an interrupt is pendinges if any of these
§s truey the enables of the 74153%s are forced highy
causing thedir outputs to be 2zerce by the 74511 and
74832%s (lLower left)e. j—adr bit 10 (74151) comes
from IR bit € (the Low=-order opcode bit) when none of
the special cenditions existe (except that ir8 is
forced to 0 for some opcodes)s if any of the spectal
conditions existy the bit comes from the (inverted)
state of a signal which amounts to the conscole stop
switch wants an interrupte the Low order j-adr
bit €11)y comes from the interrupt signale in all
casese note that this means ¥t will be zeros except
in the special case of interruptsi thus IR dispatches
have the low-crder bit 0 (only ¢o toc even addresses).
note also that in the case where there is 1indexing or
an interrupts j=adr bit 9 4s forced to 1. the effect
of atl this specital stuff is to generate the dispatch
addresses (as covered in the micro-code manual) 1
through 7+ for the special casese.

J=code 12 (spectal dispatch) 1s very simple. it
jumpse conditifonallys to the Low-order bits of the
CBUSs this allows Jumping to generated addressese.
the 74153 adaress bits will be 01le which will cause
them to select the 0BUSS Likewise the T74151%s,

j=code 15 (special Loop) is tLikewise fairly
simples the 74153 address s 0y as for jumps, and
these bits select the micro tnstruction J-ADR field,
as for jumpse. the 74151 address will be 7 for both
Llow order bitsy causing bit 10 tc come from conds
and bit 11 tc come from the J=ADR fielde thils means
that spectial loopse if it Jumps (cepends on the Loop
counter), jumps to j-adr or j-adr ptus 2,

the final case is that of map~fault trapse when
map oops disp ¥s truee the 2910 function inputs are
forced to unconditional jumpe the 74153 address is
forced to 34 selecting the micro instruction MAPF
fieldy (or 0 or 1)e and the 74151%s are disableds
forcing the two Low-order bits to 0. this causes
micro~code control to be transfered to the address
100+mapf*4 (except for the high=corder bitse bit 1
and aboves ccvered Later).

all of the above covers j-adr bits 2 to 11le the
higher order bits are on the next drawing. see below.
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CFHMAD =~ High Order Ficro-Code Address Bits

at the bottor middle s 2 74153 which selects

the j-adr bitse 0 and 1. 1in all cases except

map~-fault traps and special dispatchessy ¥t selects

the micro instruction J=-ADR fielde note that

this means that even dispatch gets these bits

from the J=ACR fielde 1in the case of special dispatchs
it selectss @s one might expects the 0BUS. 1in

the case of map~fault trapse it selects the two

low order bits of the map-fault dispatch registere.
"the map~fautt dispatch register is the 74174 to its
Left.

above the 74153 4s a 741%57¢ which selects

the rest of the map-fault dispatch register in the

case of map-fault trapsey and selects the appropriate
bits of the CEUS at all other timess the output

cf the 74157 coes to a 74173 four-bit tri-state
registery which hotds the high=order (negative numbered)
bits of the micro-code addrsse. it is loaded only

on map~fault traps and special dispatchess nothing

else can change which page you are in. (except

resety which clears the register)s the ocutput

is enabled onto the micro~¥tnstruction address Linesy except when
the sw enbl PC sw switch is one which enables the

pc switches onto the micro=instruction address Liness or during
micro=-code storess when enbl AR miad L causes the

ar to be enabled onto those lines. note that this

1s sequenced by mu sto go from ecfcle.

in the upper teft are some gates which detect

certain groups of opcodes Iin the IRe and cause ir

bits 6¢ 7 anc 8 to be {Ygnored on dispatchese the

000 (uuc) and 300 (jumps & skips) groups will 1gnore
alt three bits; the €00 (t=type) group wilt

ignore 6 & 7.

CFCOND =-- Condition Selector and a few random things

in the middle of the page are two 74S151°%s which
selecty from the micro instructien COND fields one
of 16 conditicnse zero selects hi (trueds 1 selects
interrupts etces most of the conditions are self
explanatorye condition 2y ma-ace s true if ma

bits 18 to 31 are zeroes meaning the MA contains an
a¢ addresses condition 3y ac=0e¢ refers to the

AC field of the IR being 0. conditdion 124 referred
to as jcond in the micro-codes uses bite from the

IR opcode ftielde as well as the ocut=z0 and out<d

and ALU ov sicnals to generate the condition for a
whatever flaver of jumps skipy or tetype instruction
is being executeds the condition 1s true §f the
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instruction should jump or skipe and false if {t
should note the ocutput of the selector is xored
with the reverse cond bit of the micro instructon.

at the right 1s a component carrier which has
the pull=-up resistor for the out=0 tne twhich is
open-collector) and another pull-up which generates
hi for the carde 1t also has & capacitor to
de=bounce the continue switche

at the lcwer left are some gates which generate
the main-memory read and write requestseys and the
cycle=-type signals for the map tc compare with its
enableses read reqguest is generated whenever thke na
is strobedy except if strt wrt ¥s trues in which
case write request is generateds 1f neifther is true,
nefther request is generated. {f gonna wrt is
falses either xeq cy or read cy s generated
{except 1f the map 1s turned ocff)e read is generated
unless the micro instruction MAPF field contains zero
or oney in which case xeq is generated.

CFBUSC == Main Memory Cyclte and F-BUS Controt

at the end of each cycley the state of the four
requests (mem read & writey & 1ob 4in & ocut) are
strobed into the 74175 at the upper lteft. this
happens at the same time that the next micro
instruction is lLoaded into the mi. the outputs cf
this 741754 along with some other signals,y then
go through some Logice which sets up for the next
100 nanosecondsy to decide what the memory and
F«BUS will be doing this cycle. at the end of the
100 nanosecondse bus clc happense which strobes
the results of those decisions into other registers.
to the right cf this 74175 1s a 748175 which holds
the DMA and CPU memorye-cycle states, +Hts inputs
come from some 74S11%se DMA read will happen this
cycley if DM2 rd rq 1s true (from the F=BUS)e and
it is not prevented by anythinge DMA write will
happen this cycle 4f DMA wrt rqg 4s trues and 1t
is not preventede any CPU memory cycle request
or any CPU Yot request (because {t uses the F=BUS)
will prevent DMA cycles (through the 74S02's and
74511 below end to the right of the 74175)e alsoys
they must be enabled by enbl DMA rqs h (see below)e
in additiony 1f the next (¥) micro instruction requests
any F=-BUS iotse DMA reads will be prevented (the 74802
just below the 74175)s this is because DMA reads
take two cycles (one to fetch the datae and one to
put 4t out onto the F-~BUS and have the device strobe
it)e DMA c¢ycles are also inhibitted 1f hard refr
rg is truey sc that refresh cycles can happen.

CPU memory cycles (read or write) happen whenever

2:2
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they are reguesteds unless there is something illegal
eabout the map. along the bottom of the page are

three more 74%175%*s which hold variocus other information
about the type ot cycle being dones refresh cycles
heappen it one is requesteds and the Last cycle was

not a refresh (they cannot happen on successive cycles)
and no DMA or CPU memory cycle is going to happene.

they are permitted to happen at the same time as

iot cyclesy because they don*t use the bus. there

are several versions of the refresh signal. the ones
tabeled simply retresh is for locals On-carde use.

the ones labeled refresh cy are seperate partly

for fan-oute. they go to the memory cardss short
refresh cy goes to the map card and 4s seperate for
noise and far-out reasonse. both it and refresh cy h
gre cleared ty the leading edge of CPU clec (150 nano-
seconds before the next bus clock) to avoid their
slopping over into the next cycles CON1 Latch clec

is set (from ki) at bus cltce and cleared 150 nano-
seconds before the next bus clce to hold a Latech during
that periode F=-BUS Jots (IOB~IN & cut) happen whenever
requesteds CFMA rd second cy is true during the cycle
following a DMA read cyclee during which the read data
is being put on the F-BUS and should be strobede

2:3
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at the top middle is a tatches made out of a
74564 and twc inverterse. the name enbl MA I0A, is
no lLonger as meaningful as it was before the data
path Llogic gct changede the Latch is open (feeds
its input to fts output) from just before CPU clc
times until just after bus clc timee at which time it
is Latched into its current state and held. it
decides whose address (cpu or F-BUS =« for DMA) should
be used by the memory for this cycles 1{f etther type of
UMA cycle is going to happen this cycleys the output of
the 745864 is forced Lowse enabling the F=-RUS addresse,
otherwise it will be highs enabling the MA (and map)e.
this is done as a latch because the signal must set up
before bus clcs and must Last well into the cycley after
some of its 1inputs may have changed.s at bus clce the
latch Latches until near the end of the cycle,

near the middle of the page s another 748364, 1ts
output is low 1f a CPU or refresh cycle is going to
happen this timee. the 74874 which ¥t drives is strobed
at bus clcy and 1t the output of the 74564 4s lLlow at
that times the flip~flop output will go Lows causing
edge strt pulse to go highes this creates the rising
edge sent to the map cardy and thence to the memory
cardse which causes their cycle to starte the flip~-
ftop s clear 100 nanoseconds Llater by mem strt clr
pulse L. below the 7400 which generates edge strt
pulse is a 7474 which provides the same starting-edge
production function for DMA cyclesy onty 100 nanoseconds
Later.

in the urper right corner is some logic which
provides sequencing for DMA requests. when nothing
DMA=-ish is happening and there are no DMA requestss
BEUS RG STB 1s sent every cycle at CPU clc time. This
clock signal is used by the device to stobe a fLip=flop
with the state of his internally generated DMA request.
bus rqg stb therefore provides synchronization of
requestse §f on any cycley any device sets its request,
it will immeciately pull down some rg L (open=collector)
which then prevents further bus rq stb pulses from
being sent. the 7474 generating enbl DMA rqs is set
each bus clce but cleared by each bus rg stbe so that
as Long as bus rq stb 4s being senty DMA rgs will be
ionoreds now the rqg situation ¥s stabley with some
device or devices having their rq flip=flops sety and
the priority caisy chain can decide who will get the
bus =« most ¢f a cycle ¥s allowed for this. when the
device has decided it gets the buse it must send either
OMA read rq cr DMA wrt rgs along with the memory
addresse. the next bus clce stightly more than one cycle
after the lLlast bus rg stb to be sents will be the
tirst time that DMA rgs have been enabled. at that time,
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or some subsequent cycley the cycle-type lLogic decides
the DMA cycle can happene durinc the cycles bus DMA cy
¥s trues and the cevice sees 4t and clears ¥ts internatl
reguest Level (because the cycle is being done). at
the end of the cycley bus rg stb is again senty which
strobes ancd clears the request flip-flope and we are
back at go,

Micro Instruction Register

this drawing contains all bits of the micro-code

instruction register which are on this (CON1) carde

the register is made of 74S174's, and is strobed

by micro-instruction clce certain bits of the register are
cleared by resets to insure that the micro=instruction contains
€ nop Wwith respect to data (dest and spec-fun =0)

and a reset for the 2910 sequencery to clear its

stacke other bits of the micro=-instruction are on the CON2 and
CON3 cardse

-= Lamp Drivers

what can one say about lamp drivers.

MAP CARD:

CFMAP4 == Main Memory Control

tn the upper lefts edge strt pulse comes onto
the card and qoes into a delay-Line. this s
to allow address bitss etce a Little extra time
to set up. the 20 nanosecond tap of the delay
Line is useds and 1s called mem strt pulse.
below the delay=-Lines 1t goes into some 74S11°s
which and 1t with the true and false flavors
of address bits 17 and 184 and send a start pulse
to the addressed pair of memory cards (each pair
of memory carcs holds 128k words)e note that
short refresh cy == meaning this is a retfresh
cycle (short refers to the length of the signaly
not the length of the cycle) == causes the start
pulse to be sent to all the memory cardss so that
all the mem chips will be refreshed.

to the right of the first delay-Line is another
delay~L¥nes mem strt pulse goes intoc this one and
is delayed & variable amount to produce a pulse whose
timing ¥s right for write-strobe. this pulse {s
anded with mem wrt type he which is true for
write cycless in the 74500, the output of this is
fnverted and called mem wr enb h which 4¥s the write=
strobe sent to the memory cardse below the 74S00
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is a 74802 whcse output will be Low for refresh and
write cycless and high for read cycles. this signal
and the delayed mem strt pulsey set the rd go
flip=flop (7474)s which is used to decide whether or
not to check parity (ecc)e below all this are scre
74s11%s which and the flavors of the high=-order
address bitss and not-a=write-cycle to produce one
signal per pair of memory cardss which is high if
that pair is doing & read (or refresh) this cycle.
the 74S11 outputs are strobed into a 74S175 register
bty the delayed mem strt pulse anc the outputs of
this register are the tri-state output enables which
enable the read-data output of the appropriate pair
ct memory cards to be driven onto the memory data buse
this register is cleareds and held cleary on uwrite
and refresh cycles (on write cyclesy the bus has the
write datal.

CFMPAD =~- Address Selectors

at the bottom of the page are three 745241°%s whichy

cn DMA eycles (enbl MA I0A false)y drive the F=BUS
address (I0A) onto the common memory=card address
tines (mem p &dr x)e the high-order address bits,
bits 15-18¢ have both true and false flavors, because
they are decodeds on the map carde to decide which
pair of memory cards is being addressede. in the

upper Lleft 41s a3 748258 which inverts and drives these
bits from the 10A onto the lLow mem p adr lines,

below it are two 74365%s which drive MA bits 27-35%
onto the mem p adr Lines on non=DOMA cycles, at

the right edge of the page are three 745257's which
select between the MA bits 19 to 26 and the map ocutput
bits 19 to 2¢s based on whether or not mapping is turpred
cne their output 4s driven onto the mem p adr lLines
on non-0OMA cycless to their Lleft are a 748257 and
74258 which perform the same function for both flavers
of bits 15 tc 18 note thaty stnce the Ma is an

18 bit registers bits 159 16 an 17 come from the 74175
tupper middle)y which 1s the hi abs MA registere.

it is loaded from the corresponding bits of the CBUS
when it is indicated as a destinatione.

CFMWDT =~ Write Data Drivers

in the top helf of the drawing are six 748241%s which
drive the write datas including the seven generated
ecc bits (see below) onto the common memory data bus
(mem out)s on write cyclese below these are some
cates which generate the enables en w dat for theme.
in the lLower right are some lLamp drivers.

3:2
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'ECC == Error Correcting Code -~ a few words:

the purpose of the error correcting code used ¥n the
F=3 1s to correct all single=-bit errorse and to cetect
all two=-bit errors (as well as some others), this
is done by having extra bits toe since there are
36 data bitss which is slightly Larger that 2+a5,
but less thar 2+%6y the single=-bit correcting mechanism
will need si1x extra bits -- since 4t will have to
be able to address one of 36 bits. to detect two=bit
errors will reqguire another extra bits making seven
altogether., this makes a total (data plus extra) of
43 bitse

now any set of 2+*#n bits can be divided evenly
into two sub-sets in n different ways such that no
two bits are elements of exactly the same set of
sub-sets. that is to saye i1f a set of 2++n bits 1is
divided evenly into two subsetsy say a and b (each
having 2+%(n=1) bits)y then if the the orriginal set
is divided ftnto two new subsetss say ¢ and de such
that half of the a®*s are in ¢ and half in des and
hatf of the b are in ¢ and hatf 4n a3 and 4f this
process is continued until n sub-set divisions have
cccureds then each bit will have a unique set of
letters associated with ite there are several ways
of doing this divisfon (all of them equivalent)e the
simplest is to number the bitse in any arbitrary order,
from 0 to 2xxny then represent the number of each bit
in binarye. nexts there is a sub-set division for each
bit ot the bit-numbery a given bit going into one
subset ¥f the appopriate bit of its bitenumber 1s a
onee and the cther sub=set 1f it is a 2zeroe stnce each
bit has a unfcue bit-number,y each will be in a unique
set of sube=sets,

now if the orriginal parity of one of each pair
of sub=-sets was knowns and a single bit changesy the
parity of only those subsets which the bit is in will
changey andy since the sub-set division is unique for
each bity from the combination of which sub-sets are
in errory it 1is possible to tell which bit changed.

to be more specifice in the F=2 each bit is
assigned (temporarily) a 6~bit number. this number
s unrelated to the regular left-to=right bit numberinge.
the six ecc bits are includeds and are given the
numbers 0ly 02¢ 049y 109 20y and 40 (in octal). since
there are fewer than 64 bitse some numbers will be
gssiagned to nc bite these non-bits are assumed to be
always zero. now the bits are grouped into six agroups
tnot groups in the mathematical sense)y based on whether
or not the appropriate bit of 1ts bit-number s one
there 1s a 01 group which has all those bits whose
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bit-number 4s odde there §s an 02 group with those
bits whose bit-number has the 2 bit ons and so on
for the 04y 10+ 2CG9 and 40 groupse. note that
each group has one ecc bits anc each ecc bit is in
exactly one groupe. nowse when each word is storeds its
ecc bits are cenerated in such a way that the parity
cf the group is odde the bit=number 00 is not
assigned to eny existing bft. when the word ¥s read
backey 1f any cne bit has changeds one or more of the
groups will have incorrect parity (since there i1s no
tit 00)e if only one group has incorrect parity,
it was an ecc bit which changeds as they are the ones
whose bit numbers have only one bit onj all other bits
are in at least two groupse {f the six error bits
are given the weight of the group (0ly 02¢ 04y etce)
and summeds the result will be the bitenumber of the
bit in error.

two=bit errors are detected by having a parity
tit for the whole 42-bit word (data plus ecc bits})e
if two bits are in errory thedir error bits cannot
cancel each cthery since each generates a unicue pattern.
to put 1t another ways there must be at Least one
ecc group to which one of the bits belongss and the
other does note thereforey there will be at least
cne ecc error bit generateds on the other hande since
two bits have changeds the whole-word parity will be
correct. the and of these two conditions detects a
two tor more) bit errore

-= ECC Bit Gererators

this drawing contains six parity networks: each
generates the parity for one ecc groupe. since

the main memcry data bus (mem out) is common for
reads and writesy these generators work for both,

the only difference being that on readssy the ecc

bit is included in the calculatione for checkings

and on writes it is notes since it is being generated.

== Bit=-in-Error Logic

on this page zre the decoders which generate, from

the six ece croup parity checkersye the bit-in-error
signale there is one output for each bit (36 outputs)
and the ocutput (correct bit x L) is low 1f that

bit is the one in errory and high for all the other
bitse only ore bit can be lowe

3
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CFMXOR ==« Error-Bit Correctors

this drawing has 36 inverters (because the correct

bit x L signal is Llow=true) and & xor%se. each
correction bit 1is xored with the data bite so that

the bit in error will be invertedy and all the others
Left alonee the inverter 1inverts the data bite instead
of the correction bit (which is equivalent because of
the Logical properties of xor) because the data bit

is avattable first == this way ft's faster,

CFMERR == ECC Error Signal Logic

it 1s the nature of the xor function that the xor
of a bit with itself is zeroe indepenent of the state
of the bite dindeeds the xor of 2 bit with itself any
even number of times {is zeroe and the xor of a bit
with ttself any odd number of times {1s equivalent to
the bit itselfs thereforey any xor of lots of bits,
which has some bit entered more than oncesy is subject
to simplificaetions by having entries of the same bit
canceled in pairs. 4n the upper left of this drawing
¥s some logic which generates the whole~word paritye.
this parity 1isy in principley the xor of all 42
bitse date and ecce but each ecc bit 1s the xor of
some of the data bitse consequentlys the whole=word
parity 4¥s the xor of the 36 data bitse some of them
entered more than onces this is equivalent to the
xor of all the data bits which are entered an odd
number of timeses the togic in the upper Left forms
the xor of just those bitse and this is the whole-word
parity bit (sto word parde.

since on ready the ecc bits are just bits, not
Xxorse regardless 0f how they were orriginally generateds
they must be included in the parity calculation. therefore,
altl 36 data bits must be included alsoce to save Logic,
the data bits going to the ecc bit generators were
distributed between the two parity chips (cfmecc drawing)
for three of the ecc groups in such a way as to have
the ones not included on the cfmerr page go to one of
the parity chipse and the others to the others so that
those three chips would generate the xor of the teft-out
bEits (except for bit 3)e this §s the source of the
wple wple and wp2 signals. at the bottom left
is the xor of the ecc bitse the whole-word parity bit.
and data bit 2e the 74S280 in the middle of the page
tforms the xor of all these thingsy to generate the
whole~word parity check for reade.

to the rights the six ecc error bits are ored
togethery to generate a signal which ¥s true if any
error occurs f(ecc error h)e this ¥s anded with
word par odd h and the rd go flip-plop to produce
the ecc multipte error h signaly whiche after being
synchronizeds and 1f the switch ¥s one halts the machine.
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CFMSAV == Error Save kegister

the register chips on this page strobe the state

aof the ecc error bitse the hard=error signale and
the memory acdresss On every cycle until they strobe
one that actually has an errore which they hold onto
untitl clearec by the micro code (cltear mi error L),
this makes the information about any ecc error which
cccurs avaitable to the micro-code so it can lLog

the error 1f it wishes.,

CFMAP3 -- Data Selectcrs & Drivers for ICTS to the Maps etce

the T74L5257*s on this page selects iIn one case the
error save recister (see above) and in the other case
the output of the mapes and a3 few random bitse the
choice 1s based on the subesel 2 bits, this data is
driven onto the F-BUS data lLines when an input fct

is done to device number 1, this ¥s how the micro=~
code looks at this stuff,

CFMAPl1 =~ Map Memory and Logic

this page has the memory chips for the mapsy except
the valid (or entry present) bite they are 2125%
1k ram chipss. the address comes from the hisheorder
nine MA bitse and local user. Local user comes
from the 745154 shift register at the top of the page.
its purpose is described in detail in the map section
aboves the 745194 1s clocked every cyclesy but on
most cycles the control inputs are both Lows and the
chip does nothinges exceptions are: when gonna memsto
is true (meaning the memory 1s doing a CPU write) the
upper controt input is highy and the shift register
shifts one bit; when the shift register is indicated
as a destination (dest map sr)y or the CRYOV register
is indicated as a destination (mi dest CRYOV)y or
the Logic on CON1 decides the next macro-instruction
is being fetchedy both centrol inputs will be highy
and the shift register will lLoade. the data loaded
comes from the OBUSe when the shift register ftself
is the destinations or from the CRYOV user bit (or
the data headed for 1t) in the other casese.

at the right middte ¥s a 74864 which decidesy,
from the type of cyclte siognalse and the type of cycle
prevent bits from the mapes whether or not the cycle
is legal to the current address (tegal map h).
above this are some gates which generate the map oops
disp signalse. this 1is the or of a number of conditions,
andded with the MA 4s not an ace the conditions
which cause the oopss from top to bottome starting

36
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with the first significant 74864 inputsy zre: write
cycle and map turned on and writes 1lilegals$ map trap
requested (mi mapf 1f) and write trap reguested

{m1 dest 1) and map on and writes {llegals map trap
requested and map not valid (no entry)s write cycle
and map not valids: or map trap requested and cycle
type illegal (legal map hle.

CFMAP2 == Mep Valid tentry present) Bity Map Cleares MA~AC

in the Lower right corner of this drawing are gates
which and together the low Level of MA bits 18 to 31.
this and forms the ma-ac signale which means that the
ma has an AC addresse.

across the upper right are eight 29721 256 bit
rams with thedir outputs (tri-state) tied together.
alsoe their data inputs and address inputs are tied
together., one of the address inputs is groundeds So
each uses only 128 bitse 128 times 8 ¥s lke these
store the valid bits for the mape. when the bit
is highe there 1s a map entry at that Location. during
normal operationse the 745157%s select the MA as the
address (ma bits 25 & 26y and local users are decoded
to form the chip-enables) and the output will be
the bit to tell 1f the entry is present. 1if an entry
¥s stored (map wrt pulse) the bit addressed by the
ma will be written as a 1 Cunless OBUS bit 9 1s on).
indicating presence of an entrye.

the exception to all this occurs when 1t is time
to clear the whole mape the 748161°%s at the teft are
normally held at zero by their clear inputs being low.
when mi clr map L occurse the first 74109 willsy an
the next 10 mh2z clock edgey be clearedes this causes
the map clr condition to become trues whichs through
the 74S02%s and 74551%s below the mem chipss causes
all eight mem chips to be enabled at the same time,
the upper output of the 74109 going low causes the
write enable to go true (low) to the eight chipss and
also causes the address selectors to select the
14s161 counter instead of the mas« 100 nanoseconds
Laters the second 74109 will be cleareds 1its Lower
cutput going high forces the data inputs to the mem
chips to go high (zero) and also releases the 745161
countere which counts at 20 mhze this condition lasts
untit the counter?®s eftghth (high~-order) bit comes ony
which means it has counted through all 128 addressess
when the high~order bit comes ons the first 74109
is set (on the next 10 mhz clock) which releases
the mem=-chip write-enable and chip~enables. 100
nanoseconds latery the second 74109 1s sets which
releases the address selector (back to ma) and the
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data inpute now everything 1s back to normale note
that the scheme (which works) for writing zero®s into
atl bits of each memory chip 4s to hold its write
enable truey while cycling through atl the addresses.
this workse in spite of technically violating various
set-up and hold time specificationsy because the same
data is befinc written in all Locat¥onse the set=-up
and hold specs are to ensure that when writing into
a locatione cther Llocations are not changed.

in the middle of the pages an 8097 (which is the
same as a 74367) buffers the no map L signalse which
is the map=-turned-on Level. thisy at the top of the
pagey causes the no entry level to be driven false
when the map is turned off,

CON2 CARD:
CFSH2 == Another Third of the Rotator

this drawing has eight 25S10%se and two 74S153%s,
which take the output of the 25510%s (on the bit-
stice boards) which rotate the external data by

Os 19 2 or 34 and they rotate ¥t by 0y 4¢ 8 Or 12.

CFSH3 == Another Thirc of the Rotator

this drawing has eight 25510%se and two 74S153°g,
which take the output of the previous pagesy which
has been rotated by some amount from o to 15,

and they rotate it by 0e 16¢ 324 oOr 48.

CFACSL =~ AC SEL Registers Mask Sizey Constant Generator

at the upper teft 1s a 74161s which is the AC-SEL
register/counters, 4t is Loaded (on micro-code
command) from the 0BUS. 1§t alseo counts (on micro-
code command). below it is a 74283 4-bit adder
chipe which fcrms ac+l =~ §t takes the 4=-bit contents
ot the IR AC fields and adds one. to the right are
four 74153%s which select the AC addess to be useds
they are directly under control of the micro dnstruction
AC SEL fielde and select the AC=-SEL registers IR
index fields low order MAe IR AC fields or AC+1 adder.
note that the A and B AC SEL's are the samey except
for code 19 which causes a to be the IR index field,
and b to be the mae this 1s because the index {1s never
used as a store address =-- all AC stores 4n the 2901
are tc the b addresse.

in the upper right are two 745157%s which select
between the micro instructicn MASK SIZE fields and
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the MASK SIZE register (the 74174)¢ below them are

some gates whiche with the bottom half of the lower

748157 genercte the constante when the mask sel r

bit 1s offe the constant is just the micro=-instruction mask field.
when it 4s ony the constant 4s 1441 (bits 17 and

25 on)e the cther 29 constant bits are always zeros

and are grounded at the bit=-slice boardse.

CFCRY =~ CRYOV Register and ALU Shift Enc Conditions

at the top of the page is the logic for the 2901 shift
end-conditions, the 2901 s capable of Loading its
destination 2C with the result shifted by ones Left
or rightes at the same timey it can shift the g
register by cne in the same direction. the left (high=-
crder) end of the q register and the right (lLow=crder)
end of the AC data are connected together for shifting.
therefores fcr shift purposess the g and AC are a
double worde with the AC the high-order part, and the
¢ the low=orcer parte the 748253 selects the data
to go to the high=-order acey or the Low=order g (depending
on the shift direction)e the selection is based on the
Low order two bits of the mask fielde zero selects
rotate mode (high-order AC from/to low=~order ale one
selects arithmetic mode (zero into Low endy sign bit
duplicated into high end)y two selects Llogical mcde
tzeros)e and three selects mul/div modee 1in mul /div
modees low=0Orcer q gets the sign bit (high-order ac)
inverted (for divide)y and high-order AC gets the xor
of the sign &end overflow (for multiply)e the shift
connection pins on the 2901 are tri~-states and are
inputs if the shift is in one directions and outputs
in the other. the direction s cdetermined by the
alu d2 control bitey so this bit also determines
which section of the 748253 4s enabled.

the Lower hatf of the page has the CRYOV register.
bits 4 throught 12 (except 10y there s no bit 10)
are simply Loaded from the same bit of the 0BUS when
the CRYOV register 4s indicated as cdestination (stb
CRYOV)e alsose bit 4 (CRYOV half) can be cleared by
a micro-code special function €clr half L)s the
high=-order four bits are loaded in two different wayse.
if CRYOV is irndicated as a destinatione micro-instruction dest CRYQOV L
will be true (low) which will cause the 74157 to be
enabledy and to select OBUSe which will go to the J
inputs on the 74109%ss also it will enabte OBUS into
the =k inputsey through the 7432's. on the next clocks
the CRYOV bits will be set from the 0BUS. 1{f the
toad CRYQOV special function is indicateds the micro=instruction Lld
CRYOV L signel will be Lowe enabling the 74157 and
causing it tc select the ALU overflow and carry informatione.
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this then goes to the j inputse while the =k inputs
remain highe on the next clockes any 74105 whose 4nput
¥s true will be sety but none of them will be cleared
(the new data will be ored into the register)., if
neither of these functions s indicateds the 74157

and the 7432%s will be disableds so the § inputs will
all be lowe and the =k inputs highe and the flip-flops
will not charge,

CFGPR == ALU Carry Lcck=-Aheade Rotate Sizes Part of Mask Gene

Mask Generator:
the upper part of the drawing has some 74S08*s and
74s832°%s which are the first part of the mask generatore.
the group of gates on the right turn the Low-order
three bits of the mask-size from a binary number
into 2 unary numbers as follows (numbers in octal):
binary unary
0
1
3
7
17
37
77
177
these seven unary bits are mmlL 1 ¢(low=order) thrcugh
mmt 7 C(high-crder)e the gates 4n the left group
do the same thing for the high-arder three bits cf the
mask size (when Lett only is not true).e sos for
exampley mmh 10 ¥s true if any of the three bits is
ony which mezns it §s true ¥f the mask size is 10
or larger. mmh 30 is true ¥f the mask sfze is 30
or largers and so one since there are only 44 (octal)
bits in a worcde mmh 50 is the largest of these which
is needede. these signals are sent to the bit-slice
boardss where some Logic generates the actual mask
bitse this is done as followse the word is divided
into 8-bit grcupss starting at the low order end.
so the low=order eight bits are in the 00 groups
the next eight are in the 10 groupsy the next in the
20 groups and so one the 40 croup is incompletes
containing only the high-order four bits. a given bit
in a group is on if the corresponding mmh siagnal
s trues and the corresponding mml signal is true,
ory the whole group is on if the next=higher mmh
signal s truee. the mmh 00 signal ¥s considered
to be always truee soe for examples the 23 bit
(which s the bft 23 occtal from the right endes bit
25 being the 1 bit) will be on 1f mmh 20 §s true
tmeaning mask-size 1s at Least 20) and mml 3 is
true (meaning the low-order three bits of mask-size
is at Least 2¢ and therefore mask-size is at Least 23)
or it will be on if mmh 30 {is true (meaning mask-size
is at lLeast 30.

DAL AN O

~
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in the lower Left of the page are three 745182
Look-ahead carry chain chipse hooked to the ALU generate
and propagate and carry=in in the standard waye 1in the
Lower right cre the 748157 rote~size selectorss which
select either the ROT=-SIZE field from the micro
instructiony cr the rot size registery which is the
T4174 .

CFION ~-=- Device Addres Register & Driverss A-MEM Addresss etce

gcross the Lower Left of this drawing is the logic
which handles I/0 interruptss when any device wishes
to interrupts it pulls down %fob any int Ls which

is open collectore if no other interrupt is going

on at the times the next CPU clc will set the 7474
whose output is labelled interrupte this 1s the
sfignal which goes to the dispatch Logice causing

the next dispatch micro instruction to go to
micro~-code 7y instead of somewhere based on the
op~code in the dre. 4intr disp h tat the left) is

true on the cycle when that dispatch happense causing
the 74109 to be strobedy and set (since interrupt 1s
true)e this makes its lower output lLowe clearing the
interrupt flip-flep and causing the 7474 next to the
74109 to be cleared at the next CPU clce making
further interrupts fnvisible until this cne has been
handlede the interrupt micrao-codey when it is through
thinking about this interrupts will go back to fetching
instructionss and dispatching on theme this next
dispatch again strobes the 741094 and clears it. one
cycle Later the 7474 next to it will be sety making
the next interrupt visibles above all this lLogic are
two 74157*s which select the address to be sent out

on the F-BUS device address tines (ion)s normally
this is the address in the DEV-ADR registers which

is the upper 741744 which 1s lLocaced from the 0BUS when
indicated as 2 destination. when an interrupt is in
progressy as indicated by the 74109 bed¥ng ons the

int adre which was sent by the interrupting devicey
and tatech 1ntoc the lower 74174 when the 74109 was sety
is useds note that the resutt of this selection is
not only sent out as the ione but also becomes the
high-order A~-MNEM address bits (unless the special
function A-MEM apr 4s truey which forces them zerc)e.
at the right are two 74153%s which select the Low
order A-MEM adr bits from the micro-instruction DEST fieldy micro=instr
SRCe fields or the AC=-SEL registerey based on the
specification ¥n the micro instructicon.
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CFC2MI =~ Some More Micro-Instruction Bits

here are the micro-instruction register bits which
are on this carde and tuwo 93s48*s which generate
their parity. also the drivers for the exts. srce.
bits sent to the bit-slice boardse.

CFLT1l == Lamp Drivers

oke Lamp driverss

CON3 CARC:
CFLT3 == Data Lightsy Register and Crivers

this drawing has the 36-bit register whose output
goes to the data Lights (Lamp drivers attached).

it is loaded from the 0OBUS every 100 nanoseconds

if the sw Look at CBUS switch §s one this allows
tooking at the 0OBUS every cycle when single-stepping
the micrc codey or whatevere with the switch off,
the register is loaded when an fot is given by the
micro-code (stb swl)e. this allow the micro-code to
display only selected datae for exampley the
function of an examine switch can be simulated.

CFSWD == Data Switch Selectorse Reset

a2t the left are six 74365%s which drive the data
suitches onto the F-BUS data (10D) Lines when the
appropriate ict 1s given (enbl IOD {1 sw L), &t

the right i1s the power=reset circuit (consisting

of transistors and a slowly=-charging capacitor) on
a component carrieres dts output is tow for a few
seconds after power comes upe then goes highe this
is ored with the clear switche to produce reset 1,
which has lots of drivee

CFLT4 == More Lamp Drivers
more lamp drives.

CFC3CN =- Back Panel Connections
these should cet moved onto the cocther drawingse where
each signal is usedes their being here is an artifact

cf the way beck=panel wire lists were generated in the
dark agese.

12
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CFIOCN =< IOT Decodinry, Some Micro-Instruction bitse and Map
Enable Register

at the left are the decoders which cetect the spectal
ifots (device € and 1) which refer to CPU functionse
these include reading the data switchesy reading the
map output and ecc error registers strobing the
data lightsy etce above is a 74365 which reads (on
an fot) the interrupt address from the F-~BUS.

at the Lcwer right are some more bits of the
micro instruction registery and the 93s48 which
calculates their parity. above this ¥s the 74175
which holds the no map level (turns the map on
and off)y as well as the bits which enable interrupts
cn arithmetic overflowy and ecc errors. this register
is loaded by an 1oty and cleareds turning off the map
and disabling the interruptss by resetes to its right
are some gates which generate the sl and s4 alu
control signalse normalt (when ALU d& §s low) these
come directly from the corresponding bits of the mi
(except that sl is inverted ~~ a fact compensated for
by the micro-code assemblierd). ALU ¢4 1s low for most
alu operationse 1t is high for the shifting operations,
which are used only for the double-word shiftsy and
multiply and civides when ¢4 1s highs ALU s4 ig forced
high (the other functions are not useful when shifting)
atlowing the mi ALU s4 bit in the micro-instruction to be used to
select whether the s1 bit comes from the s1 bit in the
miy or from the Low-order bit of the q register. the
effect of this is that by specifying the correct things
in the ALU fieldss the ALU will add either 0 or the
data input to the acy based on the low=order q bite
since a shift is also performeds this is exactly the
funct fon needed for multiply, and allows ¥t to proceed
at the rate of one bit per micro-instructione.

CFSWI == Consote Switch Control

the console switches come in here. the stop switch
is debounced (left middle)y ored with the ecc error
interrupt and arith. overfl. fnterrupt, synchronizeds,
and sent to the dispatch lLogics where is causes
dispatches tc go to location 4 or Se so the micro-
code can hancle the problem, the other console
switches (except reset)y have their rising edges
detected by the 7474%s., the reset switch comes 4n
directlys no edge is detectede each 7474 will be

set by the rising edge of its switchs so the switchve
will have to be released and pushed again to have

its effect acaines the flip-flopss and reset switche
are ored toghether to produce an interrupt signal.
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it is synchronizedy and causes an normal 1/0 type
interrupte at the bottom right is a 7435 which
drives the interrupt address of 1 onto the $nt-adr
lines when this interrupt happerrse the micro=codes
when getting one ot these interruptss reads these
switches with an iot (enbl sw I0OD L) to tetl which
switch was pushedy then must give another 1ot

(stb sw3) to clear the flip=-flopse so they will

be seen next time a switch is pusheds and not before
(except resety which will be seen every cycled,

Page 3214
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