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5.0 MISCELLANEOUS PERIPHERALS

The Alto can have a number of slow peripherals which appear to programs as memory locations in the
range 177000-1777778. The standard peripherals are described here.

5.1 Keyboard

The Alto keyboard contains 61 or 64 keys. It appears to the program as four 16 bit words in 4 adjacent
locations starting at KBDAD (177034B). Depressed keys correspond to zerocs in memory, idle keys
correspond to ones.  Figure 6 shows layouts of the Microswitch and ADIL keyboards, including keytops
and the word number, bit number corresponding to cach key. All Alto Ts and the more recent Alto s
have Microswitch keyboards; earlier Alto IIs have ADI. keyboards, which are somewhat larger and have
columns of function keys on the left and right sides.

MICROSWITCH KEYBOARD

Bit KBDAD (1770348) KBDAD+1 (1770358) KBDAD+2 (177036B) KBDAD+3 (1770378)
0 5 3 1 R

1 4 2 ESC T

2 6 w TAB G

3 E Q F Y

4 7 S CTRL H

5 D A C 8

6 8] 9 J N

7 \' I B M

8 0 (zcro) X z LOCK

9 K o] <shift-teft> SPACE

10 - L . (period) [

11 P , (comma) H +

12 / " (quotc) RETURN <shift-right>

13 \ € <blank-bottom>
14 L <blank-middle> DEL XXX

15 BS <blank-top> XXX XXX

ADL KEYBOARD
Bit KBDAD (1770348) KBDAD+1 (1770358B) KBDAD+2 (1770368) KBDADA-3 (1770378)

0 S 3 1 R

1 4 2 ESC T

2 6 W TAB G

3 B Q . F Y

4 7 S CIRL H

5 D A C 8

6 U 9 J N

7 \Y I B M

8 0 (zcro) X zZ L.OCK
9 K 0 <shift-left> SPACE
10 - L . (period) [

11 p , (comma) s +

12 / " (quote) RETURN <shift-right>
13 \ (FR2) ] « (FR3) FR1

14 LI (VL2) FR4 DEI(I'L1) F1LA

15 BS BW FL3 FRS

I'L. stands for the function kcys at the left of the keyboard; FR for those at the right.

Figure 6
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Note: Connecting an Alto I keyboard to an Alto II or an Alto 1I Microswitch keyboard to an Alto I
requires rewiring a conncector or installing an adaptor cable. An ADL keyboard requires additional logic
to conncct to an Alto 1.

5.2 Mouse

The mouse is a hand-held pointing device which contains two encoders which digitize its position as it is
rolled over a table-top. It also has three buttons which may be read as the three low-order bits of
memory location UTILIN (177030B), in the manner of the keyboard. Thc bit/button correspondences in
UTILIN are (depressed keys correspond to (’s in memory):

UTILIN[13] Top or Left Button (RED)
UTILIN[14] Bottom or Right Button (BLUE)
UTILIN{15] Middle Button (YEILOW)

The mouse coordinates arc maintained by the MRT microcode in locations MOUSELOC(424B)=X and
MOUSELOCH+ 1(425B)=Y in pagc one of thec Alto memory. These coordinates are relative, i.e., the
hardwarc only increments and decrements them. The resolution of the mouse is approximately 100
points per inch.

5.3 Keyset

The standard Alto includes a five-finger keyset which is presented to the program as 5 bits of memory
location UTILIN (1770308), similar to the keyboard. The bit/key correspondences in UTILIN are
(depressed keys correspond to 0's in memory):

UTILIN[8] Key 0 (left-most)
UTILIN[9] Key 1
UTILIN[10] Key 2
UTILIN[11] Key 3
UTILIN[12] Key 4 (right-most)

5.4 External Device Interface

Two memory locations, UTILIN (1770308) and uTiLouT (177016B), provide an interfacc to external
devices through a connector on the rear of the Alto. If a quantity is stored into UTILOUT, it is latched
and appears as 16 output signals; if a 1 bit is stored, a more negative logic level is generated (111, "low™).
For input, bits 0 to 5 and bit 7 of UTILIN are available; more positive logic levels (111, "high") are
reported as 1 bits. The remaining bits of this location arc used by the mouse, keyset and memory
configuration switch,

On the Alto 1, this connector also provides various power supply voltages. These are absent on Alto 11

The Alto II provides an additional 16-bit input port (the X bus), which can be read by accessing memory
locations 1770208-1770238. "The connector on the rear of the Alto I provides the low 2 bits of memory
address and a signal that indicates the X bus is being read, together with the 16 input data signals. More
positive logic lcvels: (rri. "high") are reported as 1 bits.

‘The two sections below describe two common devices connected to UTILIN/UTH.OUT, the Diablo HyType
printer and Versatec printer/plotter.  The descriptions are for the programmer: the bit values (0 or 1)
refer to values that will be stored into UTHOUT or rcad from UTHIN by an Alto program.
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5.4.1 Diablo Printer

The Diablo HyType printer plugs into a connector on the rear of the Alto, and is controlled by
referencing two locations in Alto memory. None of the timing signals required by the printer are
generated automatically--all must be program generated. For detailed information on the printer, refer to
the Diablo manual.

Location UTILIN (177030B):

UTILINJ0] Paper rcady bit. 0 when the printer is ready for a paper scrolling opcration.

UTILIN[1] Printer check bit. Should the printer find itself in an abnormal state, it sets this
bit to 0.

UTILIN[2] Unused.

UTILIN[3] Daisy rcady bit. 0 when the printer is ready to print a character.

UTILIN[4] Carriage ready bit. 0 when the printer is rcady for horizontal positioning.

UTILIN[S] Ready bit. Both this bit and the appropriate other ready bit (carriage, daisy,
etc.) must be 0 before attempting any output operation.

UTILIN[6] (Memory configuration switch -- sce scction 5.5)

UTILIN[7] Unused.

[ocation uTtiLouT (1770168B):

Several of the output operations are invoked by “toggling” a bit in the ‘output status word. To toggle a
bit, sct it first to 1, then back to 0 immediately.

uUtiLouTt{0] Paper strobe bit. Toggling this bit causes a paper scrolling operation.

UTILOUTY1] Restore bit. Toggling this bit resets the printer (including clearing the "check”
condition if present) and moves the carriage to thc left margin.

UTILOU1([2] Ribbon bit. When this bit is 1 the ribbon is up (in printing position); when 0,
it is down.

UTILOU13] Daisy strobe bit. Toggling this bit causes a character to be printed.

uUliLour{4} Carriage strobe bit. Toggling this bit causcs a horizontal positioning operation.

UTILOUI[S-15]  Argument to various output operations:

1. Printing characters. When the daisy bit is toggled bits 9-15 of this field
are interpreted as an ASCII character code to be printed (it should be
noted that all codes less than 40B print as lower case "w").

2. For paper and carriage operations the ficld is interpreted as a displacement
(-1024 to +1023), in units of 1/48 inch for paper and 1/60 inch for
carriage. Positive is down or to the right, negative up or to the left. The
value is represented as sign-magnitude (i.c., bit 5 is 1 for ncgative
numbers, 0 for positive; bits 6-15 are the absolute value of the number).

The printer is initialized by toggling the restore bit, then waiting for all ready bits to be 0. A typical
output sequence, say printing a character, involves examining the check bit for abnormal status, waiting
for both the rcady and daisy ready bits to be 0, then writing in the printer output location the character
code, the character code ORed with the daisy strobe bit, and the unmodified code again.

The device behaves more or less like a plotter, i.c. you must cxplicitly position cach character in
software; a print operation does not affect the position of cither the carriage or the paper. All coordinates
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in paper or carriage opcrations are relative; the device does not know its absolute position. Again, you
must kecp track of this in software.

WARNING: On Alto I, the printer cable should not be changed (connccted or disconnected) while Alto
power is on. ‘The printer power is derived from the Alto power supplics; changing the cable causcs a
large transicnt which usually crashes the processor and doces bad things to the disk drive. On Alto 11, the
printer is indcpendently powered and may thercfore be connected or disconnccted at any time.

5.4.2 Versatec Plotters and Printer/Plotters

Because of their delightfully simple hardware interface, all manner of Versatec equipment may be driven
from the Alto with ease. The description below gives the signal assignments and a small number of
coding tricks; the programmer should consult a Versatec manual for details (bulletin 6002, Matrix Basic
Interface Description is particularly helpful). The notation * is used below to indicate a signal whose
sense is inverted.

Location UTILIN (1770308):

UTILIN[1] ONLINE* On-line (inverted).
UTILIN[2] NOPAP No paper.
UTILIN[3] READY* Ready (inverted).

Location urn.our (1770168):

uTiout{0] REFED Remote form feed.

uUtt.out|i] CLEAR Clear print line,

uri.oul|2] RLTER Remote line terminate.

uTi.out{3] PICLK* Print clock (inverted).

UTILoU1[4] PRINT* Print sclect (inverted) -- print=0, plot=1

UTILOUT[S] SPP Simultancous print/plot.

UTILouU1[6] RESET Remote reset.

uni.out[7] REOTR Remote eand of transmission.

uriout[8-15]  1N0g* to INO1* Data bits to be sent to the Versatee (inverted). Bit 8 is
the most significant bit of the nibble; bit 15 is the least
significant.

None of the timing signals (PICLK) are gencrated automatically by the Alto--the programmer must cause
the signals to wave appropriately.  The Alto II DIAGNOSE2 instruction is particularly helpful for
generating the clock signals. The control functions (RFFED, CLEAR, RUTER, RESET, REOTR) are gencrated
by raising and then lowering them:

LDA O FORMFEED
LDA 1 FTORMTOGGLE
LDA 3 UTILOUTADR

DIAGNOSE2
FORMIEED: 114000 i RFFED + PICLK* + PRINT*
FORMTOGGLE: 100000 ; RFFED

UTI1L.OUTADR: 177016

Data bytes must be sent with care, because the UTTLOUT data lines take a little time to sct up. The data
is first sct, then the clock bit is toggled, and then the clock bit is toggled again:
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LDA 0 DATA

COM 0 0 ; Note that data must be inverted .

LDA 1 DATAMASK

AND 1 0 ; Save INO8*-INO1*,PICLK*,PRINT*., We're plotting
LDA 3 UTILOUTADR

STA 0 0 3 ; Let data settle--clock is "off"

LDA 1 DATATOGGLE

DIAGNOSE2 ; Toggle clock "on" then "off"

DATA: 111 ; ASCII code for "I"

DATAMASK : 014377 ; PICLK* + PRINT* + data mask
DATATOGGLE: 010000 PICLK*
UTILOUTADR: 177016

On Alto I, DIAGNOSE2 is not available, but its effect may be cmulated.

5.5  Parity Error Detection

The detection and reporting of parity errors is accomplished somewhat differently on Alto 1 and Alto 1.
In both machines, the processing of errors is undertaken by a high-priority microtask, which is invoked
very soon after an error occurs. The microtask reports a parity error by causing an interrupt on cmulator
interrupt channel 15, i.e., by ORing a onc into NWwW([15]. Bear in mind that parity crrors can.be generated
by memory references undertaken by any microtask; as a result, it may be some time between the
occurrence of the crror and the next execution of the emulator task and conscquent servicing of the
interrupt.

When a parity error happens, the parity task storcs the contents of various R registers into some page 1
reserved locations given below. Unfortunately, the information recorded by the parity task is not
sufficient to determine preciscly where the parity error occurred. The intent of the collection is to save
values of the R registers most likely to be used as a source of memory addresses.

Address R-Register  Use

6148 DCBR Disk control block fetch pointer

615 KNMAR Disk word fetch/store pointer

6161 DWA Display word fetch address

6178 CBA Display control block fetch address

6208 PC Current program counter in the emulator

621B SAD Temporary register for indirection in emulator
Alto 11

The Alto I memory contains circuitry for correcting single-bit errors and detecting double-bit errors.
The logic cxpects a good deal of set-up and in turn reports copious crror information. Interaction with
the crror control is cffected through three memory locations (1770248, 1770251 and 1770268). Dectailed
information on the operation of the crror correction mechanism is best obtained from the logic drawings.

Memory Lrror Address Register (MEAR = 177024B).  This register is a 'shadow MAR’: it holds the
address of the first crror since the error status was last reset. If no error has occurred, MEAR reports the
address of the most recent memory access. Note that MEAR is set whenever an crror of any kind (single-
bit or double-bit) is dctected.

Mcmory Error Status Register (MESR = 1770258). This register reports specifics of the first error that
occurred since MISR was last reset. Storing anything into this register rescts the crror logic and cnables it
to detect a new crror.  Bits arc "low true,” ic. if the bit is 0, the condition is true.
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MIESR[0-5] Hamming code reported from crror
MI:SR[6] Parity Error

MIESR[7] Memory parity bit

MIESR[8-13] Syndrome bits

MESR[14-15] Bank number in which error occurred

MESR[14-15] is an cxtension to the most significant end of MEAR. This ficld is only present if the
extended memory option is installed (sec section 2.3), otherwisc it reads out -l.

Memory Error Control Register (MECR = 1770268). Storing into this register is the means for
controlling the memory error logic. This register is set to all oncs (disable all interrupts) when the Alto
is bootstrapped and when the parity crror task first detects an error. ' When an ecrror has occurred, MEAR
and MIESR should be read before setting the MECR.  Bits are "low true,” i.c. a 0 bit enables the condition.

MECR[0-3] Spare

MECR[4-10] Test Hamming code (used only for special diagnostics)
MECR[11] Test mode (uscd only for special diagnostics)
MECR[12] Cause interrupt on single-bit errors if zero

MECR[13] Causc interrupt on double-bit crrors if zero

MECR[14] Do not use crror correction if zero

MECR[15] Spare

Note that MECR[12] and [13] govern only the initiation of intcrrupts; MEAR and MESR hold information
about the first error that occurs after rescting MESR regardless of what kind of errors are to cause
intcrrupts.

ADDRESS MAPPING

The mapping of addresses to memory chips can be altered by the sctting of the "memory configuration
switch." 'This switch is located on the front of Alto I's, and at the top of the backplanc of the Alto II.
The current setting of the switch is reported in bit 6 of UTILIN (location 1770308): if this bit is 0, the
switch is in the "normal” position ("up” on Alto I, "back” on Alto 11), otherwise the switch is in the
"alternate” position. On Alto I, if the switch is in the alternate position, the first two 16K portions of
memory arce cexchanged (i.c., the memory address is modified by the algorithm: if MAR[0]=0 then
MAR[1]¢MAR[1] XOR 1). On Alto 11, if the switch is in the alternate position, the first and second 32K
portions of memory arc cxchanged (i.c., the memory address is modificd by the algorithm:
MAR[0]«MAR[0] XOR 1).

In order to fix many memory problems, it is necessary to know the mapping between memory addresses
(and bit numbers) to actual memory chips on the memory boards. Herewith the mapping, given in the
style of a program: the algorithm is given the memory address (address) and the bit position in the word
(bir). 'The function odd(x) returns true if the 16-bit number x is odd. The variable switch corresponds to
the sctting of the memory configuration switch (i.c., switch«UTILIN[G]).

Alto 1

The variables row and column are the "coordinates” of the memory chip on the given cardSlot, as printed
by the memory diagnostic. 'The chipNumber is the chip number on the memory board. Bit 16 is the
parity bit,

if address[0]=0 then (if switch=1 then address[1]«address[l] xor 1)
row «address[2-4]

cardSlot«(address[0-1)*4 + 13

if odd(address) then cardecard4-2

column«bit

if bit > 12 then [ cardecard+1; columnebit-5 |
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chipNumber« 15 + column + 14*row
Alto 11

The Alto I memory system is organized around 32-bit doublewords. Stored along with cach double
word is 6 bits of hamming code and a parity bit for a total of 39 bits:

bits 0-15 even data word
bits 16-31 odd data word
bits 32-37 Hamming code
bit 38 parity Dbit

Things arc further complicated by the fact that two types of memory chips are used: 16K chips in
machines with the extended memory option (see section 2.3), and 4K chips for all others.

The bits in a 1-chip decp slice of memory are called a group. A group contains 4K or 16K double
words, depending on chip type. The bits of a group on a single board are called a subgroup. Thus a
subgroup contains 10 of the 40 bits in a group. There arc 8 subgroups on a memory board. Subgroups
arc numbered from the high 3 bits of the address: for 4K chips this means MAR[0-2]; for 16K chips (i.e.
an Alto with cxtended memory) this mcans BANK.MAR[0]: 1

Subgroup chip positions

7 81-90

6 71-80

5 61-70

4 51-60

3 41-50

2 31-40

1 21-30

0 11-20 Nearest the cdge connector

The location of the bits in group 0 is:

CARD 1 CARD 2 CARD 3 CARD 4
32 24 16 08 00 | 33 25 17 09 01 | 34 26 18 10 02 | 35 27 19 11 03
36 28 20 12 04 | 37 29 21 13 05 | 38 30 22 14 06 | XX 31 23 15 07
T T 1

N
chip position 11

Chips 15, 25, 35, 45, 55, 65, 75, and 85 on board 4 aren’t used. 1f you arc out of replacement memory
chips, you can use onc of these, but then the board with the missing chips will only work in Slot 4.

The algorithm for converting address and bit into cardSlot and chipNumber is (the variable xm’ is truc if
the Alto has cxtended memory):

if odd(address) then bitebit+16
a: if switch=1 then address[0]«address[0] xor 1
cardSlot« (bit mod 4) +1
chipNumber« bit/8 + 16 - (if odd(bit/4) then 5 clse 0) +
10 * (if xm then address0] clsc address[0-2]) +
(if xm then bank*20 clse 0)

A sceond cntry to this algorithm is with an address (usually rcad from MEAR), and a syndrome (usually
rcad from MISR, but remember that it must be complemented:; syndrome «(rv(MESR))[8-13] XOR 77B)).
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bitesyndromeMapping[syndromc] (sec table below)
if bit=-1 then ecrror ("impossible” syndrome)
center the algorithm above at a.

The syndromeMapping maps a 6-bit number (range 0 to 63) into the number of the bad bit (0 to 38)
or -1 if thc syndrome is incorrect:

0 1 2 3

0o 38 37 36 -l
10 34 29 14 -1
20 33 27 12 -1

W
[
—

18 -1  (syndrome valucs 0 to 7)
1
-1 20 -1

=N R O WD B
1
—

3 2 31 16 -1 24 -1
490 32 26 11 -1 -1 19 -1
so 1 30 15 -1 -123 -1
60 0 28 13 -1 ;121 -1
3 -1 17 -1 0 -1 25 -1
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6.0 DISK AND CONTROLLER

The disk controller is designed to accommodate one of a variety of DIABLO disk drives, including modcls
31 and 44. [Fach drive accommodates onc or two disks. FEach disk has two heads, onc per side.
Information is recorded on cach disk in a 12-sector format on cach of up to 406 (depending on the disk
model) radial track positions. Thus, each disk contains up to 9744 recording positions (2 hecads x 12
scctors x 406 track positions). Figure 7 tabulates various uscful information about the performance of the

disk drives.

DLEVICE DIABLO 31 DIABLO 44
Number of drives/Alto lor2 1
Number of packs 1 removable 1 removable
1 fixed
Number of cylinders 203 406
I'racks/cylinder/pack 2 2
Scctors per track 12 12
Words per scctor 2 header 2 header
8 label 8 label
256 data 256 data
Data words/track 3072 3072
Scctors/pack 4872 9744
Rotation time 40 25 ms
Scck time (approx.) 15+ 8.6%squi(dt) 8+ 3*sqri(dt) ms *
min-avg-max 15-70-135 8-30-68 ms
Average access to 1 megabyte 80 32 (using both, packs) ms
Transfer rate:
peak/avg 1.6/1.22 2.5/1.9 MHz
pcak/avg 10.2/13 6.7/8. s/ word
per scclor 33 21 ms
for full display 460 .266 sec
for 64k memory 1.03 .6 sec
whole drive 193 44(both packs) sec

* The notation dt stands for the number of tracks traveled during the seck.

Figure 7

The disk controller records three independent data blocks in cach sector. The first is two words long,
and is intended to include the address of the sector. This block is called the Header block. ‘The second
block is cight words long, and is called the Label block. The third block is 256 words long, and is the
Data block. Fach block may be independently read, written, or checked, except that writing, once begun,
must continue until the end of the seclor.

When a block is checked, information on the disk is compared word for word with a specified block of
main memory. During checking, a main memory word containing 0 has spccial significance. When this
word is encountered, the matching word read from the disk is stored in its place and does not take part
in the check. 'This feature permits a combination of reading and checking to occur in the same block.
(It also has the drawback of making it impossible to use the disk controller to check for words containing
0 on the disk.)

The Alto program communicates with the disk controller via a four-word block of main memory
beginning at location XBLK (5218). The first word is interpreted as a pointer to a chain of disk command
blocks. If it contains 0, the disk controller will remain idle. Otherwise, the disk controller will
commence cxccution of the command contained in the first disk command block. When a command is
completed successfully, the disk controller stores in KBLK a pointer to the next command in the chain
and the cycle repeats.  If a command terminates in crror, a 0 is immediately stored in KBILK and the disk -
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controller idles. At the beginning of cach sector, status information, including the number of the current
scctor, is stored in KBLK+1. This can be used by the Alto program to sense the readiness of the disk
and to schedule disk transfers, for example. When the disk controller begins exccuting a command, it
stores the disk address of that command in KBLK-2. This information is later used by the disk
controller to decide whether seek operations or disk switches are necessary. It can be used by the Alto
program for scheduling disk arm motion. 1f the Alto program storcs an illegal disk address (like -1) in
this word, the disk controller will perform a seck at the beginning of the next disk operation. (This is
uscful, for example, when a disk driver wants to force a restore operation.) The disk controller also
communicates with the Alto program by interrupts (sce Section 3.2). At the beginning of cach sector
interrupts are initiated on the channcls specified by the bits in KBLK+3.

KBEK (521B): - Pointer to first disk command block.

KBLK+1 (522B):  Status at beginning of current sector.

KBLK+2 (523B):  Disk addrcss of most-recently started disk command.
KBLK+3 (524B).  Scctor intcrrupt bit mask.

A disk command block is a ten-word block of memory which describes a disk transfer operation to the
disk controller, and which is also used by the controller to record the status of that operation. The first
word is a pointer to the next disk command block in this chain. A 0 means that this is the last disk
command block in the chain, When the command is complcte, the disk controller stores its status in the
sccond word. The third word contains the command itself, telling the disk controller what to do. The
fourth word contains a pointer to the block of memory from/to which the header block will be
transferred.  The fifth word contains a similar pointer for the label block. The sixth word contains a
similar pointer for thc data block.

The seventh and cighth words of the disk command block control the initiation of interrupts when the
command block is finished. If the command terminates without crror, interrupts arc initiated on the
channcls specified by the bits in DCR+6. However, if the command terminates with an error, the bits in
DCB+7 arc used instcad.

'The ninth word is unused by the disk controller, and may be used by the Alto program to facilitate
chained disk opcrations. The tenth word contains the disk address at which the current operation is to
take place.

DCB: Pointer to next command block.

DCB+1: Status.

nCB+-2: Command.

DCB+3: Header block pointer.

DCB+-4: Label block pointer.

DCBA5: Data pointcr.

DCB+-6: Command complete no-crror interrupt bit mask.
DCB+T: Command complete error interrupt bit mask.
DCB--8: Currently unused.

DCB+9: Disk address.

A disk address word A contains the following ficlds:

FIELD RANGE SIGNIFICANCE
A[0-3] 0-138 Sector number.
Al4-12] 0-6258 (Modcl 44) Cylinder number.
0-3128 (Model 31)
A[13] 0-1 Hecad number.
A[14] 0-1 Disk number (sce also C[15]). 0 is removable pack

on Modcl 44, 1 is optional sccond Model 31 drive.
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A[15) 0

1 0 normatly.
1 if cylinder O is to be addressed via a hardware
"restorc” operation.

A disk command word C contains the following fields:

FIELD RANGE SIGNIFICANCE
C[0-7] 1108 Checked to verify that this is a valid disk command.
Ci8-9] 0-3 0 if Header block to be read.

1 if Hecader block to be checked.

2 or 3 if Hecader block to be written.
C[10-11] 0-3 0 if Label block to be read.

1 if Label block to be checked.

2 or 3 if Label block to be written.
C[12-13] 0-3 0 if Data block to be read.

1 if Data block to be checked.

2 or 3 if Data block to be written.

C[14] 0-1 0 normally.
1 if the command is to terminatc immediately after
the correct cylinder position is recached' (before any
data is transferred).

C[15] 0-1 XOR’ed with A[14] to yield hardwarc disk number.

A disk status word S has the following ficlds:

FIELD VALUES SIGNIFICANCE

S[0-3] 0-138 Current  sector number.

S[4-7] 17n One can tell whether status has been stored by
setting this ficld initially to 0 and then checking for
non-z¢cro.

S[8] 0-1 1 means scek failed, possibly due to illegal cylinder
address.

-S[9] 0-1 1 means seck in progress.

S[10] 0-1 1 means disk unit not ready.

S[11] 0-1 1 means data or sector processing was late during the

' last scctor. Data and current sector number
unreliable.

S[12] 0-1 1 means disk interface was not transferring data last
sector.

S[13] 0-1 1 means checksum crror, Command allowed to
proceed.

S[14-15] 0-3 0 mcans command completed correctly.

1 mcans hardware crror (sce S[8-11]) or sector
overflow.

2 means check error. Command terminated instantly.
3 means disk command specificd illegal scctor.

Scveral clever programming tricks have been suggested to drive the disk controller.  TFor an initial
program load, KBLK should be sct to point to a disk command block representing a read into location



Sector Cylinder Head | Drive Rst
1 i L 1 i 1 | 1 1 i
Disk Address
1 1 | | | 1 L] 1 1 | |
Header Label Data No :
Command Seal (1108) Action Action Action Xfer |Drive
L 1 1 L 1 1 1 1 1
L i
1
) 0: Read
Disk Command 1: Check
2 or 3: Write
1 1 ) ¥ L] L)
. Seek Not Data ChSm | Completion
Sector -1if done Fail Seek Rdy |Late Idle Error Code
1 1 ] 1 1 1
I
Disk Status 0: Good status
1: Hardware error
2: Check error
3: lllegal sector
0 Pointer to next KCB 521 Pointer to next KCB
1 Disk status 522 Status at beginning of sector
2 Disk command 523 Disk address of most recent KCB
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Figure 8 -- Disk Data Structures



Alto Hardware Manual Section 6: Disk and Controller 46

STRT. Before sctting KBLX, the Alto program should put a JMP STRT instruction in STRT; aftcrward it
should jump to SIRT. The disk controller transfers data downward, from high to low addresses, so that
when location STRT is changed the reading of the block is complete. (Sec scction 3.4 on the standard
bootstrap loading microcode.)

Another trick is to chain disk recads through their label blocks. That is, the label block for sector n
contains part of the disk command block for reading sector n-+1, and so on.

6.1 Disk Controller Implementation

The following walk-through of an average day in the life of the standard disk controller is not intended
for the casual reader, but rather as a roadmap to ease the pain of Icarning the innermost workings of the
controller, If you really want to benefit from this next section, you should have a copy of the standard
disk controller microcode and logic drawings close at hand.

The disk controller consists of a modest amount of hardware and two microcode tasks (the sector task
and the word task). Communication with the emulator is via the four special main memory words, the
disk command blocks, and the interrupts described carlier. In following few paragraphs the actions of the
standard disk controller microcode are described. Occasionally it may be unclear whether the actor is
microcode or hardware. Referring to microcode listings and/or logic drawings will resolve any such
qucstions. :

The sector task is awakened by a scctor signal from the disk. When awakencd, it stores the status of the
disk and controller in the special disk status word (KBLK+1). In addition, if this scctor signal terminates
a disk command (for example, a data transfer during the previous scctor), the status of the disk and
controller are stored in the status word of the disk command block containing the terminated command,
and the command block pointer (KBLK) is advanced. If a command was terminated with an crror, KBLK
(DCB pointer) is set to 0 and KBI.K+2 (current disk address) is set to -1. The effect of this is to cause the
disk controller to abandon the current disk command chain and to forget where the disk arm is
positioned.

Next, the sector task considers the first command on the disk command block chain (by using KBLK). If
there is none, or if the disk unit is not rcady to accept a command, the sector task goes to sleep until the
next sector pulse.  Otherwise, the scctor specificd in the new command is verified to be less than 13.
Then, the disk and cylinder specified in the new command arc compared with those stored in KBLK +2
(current disk address), and then the new disk address is stored in KBLK+2 and in the disk controller
hardwarc. Part of the new command is also stored in the hardware, If the comparison is uncqual, a seek
is initiated and the scctor task gocs to sleep until the next sector pulse.

If the comparison was cqual, the SEEKOK hardwarc flag is tested. If that is OK, then the no-transfer bit
of the disk command (bit 14 of the command word of the current disk command block) is tested to see
whether a data transfer is required. If not, the scctor task goes to sleep such that the command will
terminate at the next sector pulse. If a data transfer is required, the specified scctor number and the
current disk scctor number arc compared.  1f unequal, the scctor task goes to sleep until the next sector
pulsc. If sector numbers arc cqual, awakening of the word task is cnabled and the scctor task goes to
sleep such that the command will terminate at the next scctor pulsc.

The word task awakens when a word has been processed by the disk controller hardware and the word
task has bcen cnabled by the scctor task. First, a starting delay is computed, based on whether the
current record is to be read or written.  Sccond, control is dispatched bascd on the current record
number. A record length and main memory starting address are computed based on the record number.
In addition, special starting delays arc computed for record number 0. ‘The disk unit is set into the delay
mode appropriate for the opcration (read/write) and the word task gocs to sleep the appropriate number
of times.
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Then a sync word is written (if writing) or awaited (if reading). Finally the main transfer loop is cntered.
Here the word count is decremented, a memory operation is started, and control is dispatched on the
transfer type. If read, the disk word is stored in memory. If write, the memory word is sent to the disk.
If check, the memory word is compared with 0. If non-zcro, the disk and memory words are compared.
An uncqual compare here terminates this sector’s operation with an crror immediately.  If the memory
word is 0, it is replaced by the disk word. In any case, the checksum is updated and control returns to
the main transfer loop. Duc to the ALU functions available, the main transfer loop moves in scquence
from high to low main memory addresses.

After the word count reaches 0, the checksum is written or checked. A checksum crror will be noted in
the status word, but will not terminate this sector’s operation. A finishing delay is computed, based on
the current operation, the disk unit is set into a delay mode appropriate to the operation, and the delay
happens.  Finally, all disk transfers are shut off, the record number is incremented, and control returns to
the beginning of the word task.

To accomplish all this, the disk controller hardware communicates with the microprocessor in four ways:
first, by task wakcup signals for the scctor and word tasks; second, by five task-specific I2’s which modify
the next microinstruction address; third, by seven task-specific F1’s, four of which activate bus destination
registers, and the remaining three of which provide uscful pulses; and fourth, by two task-specific BS’s.
The following tables describe the cffects of these.

1 VALUE NAME EFFECT

178 KDATA« ‘The KDATA register is loaded from BUS[0-15]. This register is the
data output register to the disk, and is also used to hold the disk
address during KADR« and seck commands. When used as a disk
address it has the format of word A in scction 6.0 above.

168 KADR« This causes the KADR register to be loaded from BUS[8-14]. This
register has the format of word C in section 6.0 above. In
addition, it causes the head address bit to be loaded from

KDATA[13].

158 KCOM « This causes the KCOM register to be loaded from BUS[1-5). The
KCOM register has the following interpretation:
(1) XFEROFF = 1 inhibits data transmission to/from the disk.

(2) woINHIB = 1 prevents the disk word task from awakening.

(3) BCLKSRC = 1 takes bit clock from disk input or crystal clock,
as appropriatc. BCLKSRC = 1 forces usc of crystal clock.

(4) wrro = 0 holds the disk bit counter at -1 until a 1-bit is read.
WI'F0 = 1 allows the bit counter to procced normally.

(5) SENDADR = 1 causes KDATA[4-12] and KDATA[15] to be
transmitted to disk unit as track address. SENDADR = 0 Inhibits
such transmission.

141 . CLRSTAT Causes all crror latches in disk controller hardware to reset, clears
KSTAT[13].
138 INCRECNO Advances the shift registers holding the KADR register so that they

present the number and read/write/check status of the next record
to the hardware.

128 KSTAT« KSTAT[12-15] arc loaded from BUS[12-15]. (Actually, BUS[I3] is
ORed into KSTA'M[13]) This cnables the microcode to enter
conditions it detects into the status register.
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11B STROBE Initiates a disk scck opcration. The KDATA register must have
been loaded previously, and the SENDADR bit of thc KCOMM
register previously set to 1.

F2 VALUE NAME EFFECT
108 INIT NEXTeNEXT OR (iff WDTASKACT AND WDINIT) then 378 else 0)
118 RWC NEXT«NEXT OR (if current record to be written then 3 elseif
current record to be checked then 2 else 0)
128 RECNO NEXT«NEXT OR MAP (current record number) where
' MAP(Q) = 0
MAP(1) = 2
MAP(2) = 3
MAP(3) = 1
138 XFRDAT NEXT«NEXT OR (if current command wants data transfer then 1
else 0)
148 SWRNRDY NEXT«NEXT OR (if disk not ready to accept command then 1 else
0
158 NFER NEXT¢NEXT OR (if fatal error in latches then 0 else 1).
168 STROBON NEXT«NEXT OR (if scck strobe still on then 1 else 0).
BS VALUE NAME EFFECT
3 «KSTAT The KSTAT register is placed on BUS. It has the format of a disk
status word.
4 «KDATA The disk input data register is placed on BUS.

A featurc of interest mostly to the diagnostic microcode writer is that if one rcads the disk input data
register while writing, what should appear is delayed written data correctly aligned on word boundaries.
This is a painless way of checking most of the data paths in the disk controller hardware.
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7.0 ETHERNET

An Ethernet is the principal means of communications between an Alto and the outside world. The
object was to design a communication system which could grow smoothly to accommodate several
buildings full of personal computers and the facilitics nceded for their support. The Ethernet is a
broadcast, multi-drop, packet-switching, bit serial, digital communications network: it connects up to 256
nodes, scparated by as much as 1 kilometer, with a 2.94 mcgabits/sec channel. Control of the Ethernet is
distributed among the communicating computers to eliminate the reliability problems of an active central
controller, to avoid a bottleneck in a system rich in parallelism, and to reducc the fixed costs which make
small systems uncconomical.

The Ethernet is intended to be an efficient, low-level packet transport mechanism which gives its best
cfforts to dclivering packets, but it is not error free. Even when transmitted without source-detected
interference, a packet may not reach its destination without error; thus, packets are delivered only with
high probability. Stations requiring a residual error ratc lower than that provided by this barc packet
transport mechanism must follow mutually agrced upon packet protocols.

Alto Ethernets come in three pieces: the transceiver, the interface, and the microcode. The transceiver is
a small device which taps into the passing Ether, inserting and extracting bits under the control of the
interface while disturbing the Ether as little as possible. The same device is used to conncect all types of
Ethernet interfaces to the Ether, so the transceiver design is not spccific to the Alto, and will not be
described here. The following sections describe the programming characteristics of the Alto Ethernet,
and then the implementations of the interface and microprogram,

7.1 Programming Characteristics

Programs communicate with the interface and the microcode via the emulator instruction SIO and 9
reserved locations in page 1. Word counts, buffer addresscs, etc., are put in the appropriate locations and
then SIO is cxccuted with an Ethernet command in ACO.

The special page 1 memory locations and their functions are:

EPLOC = 6008: Post location. Microcode and interface status information is posted in this
location when a command completes.

IBLOC = G601B: Interrupt bit location. The contents of this location is ORed into NWW when
a command completes, thereby causing interrupt(s) on the channcls
corresponding to the one bits in EBLOC,

LEELOC

- 602B: End count location. The number of words remaining in the main memory
buffer at command completion is stored here as part of the posting
operation.

ELLOC = 603B: Load location. This location is used by the microcode to hold a mask of
ongs shifted in from the right for gencrating random retransmission intervals,

ELLOC should be zeroed before starting the transmitter,

I

Il

LICLOC = 604B: Input count location. The emulator program should put the size of the
input buffer (in words) into this location before starting the receiver. If a
packet arrives that is longer than EICLOC, the recciver will post an Input

Buffer Overrun crror status.
LIPLOC

I

6058: Input pointer location. The emulator program should put a pointer to the
beginning of the input buffer into this location before starting the recciver.
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EOCIOC = 606B: Output count location. The emulator program should put the size of the
output buffer (in words) into this location before starting the transmitter. By
convention, packets should not be substantially longer than 256 words.

RBOPLOC = 6078: Output pointer location. The emulator program should put a pointer to the
beginning of the output buffer into this location before starting the
transmitter.

EILOC = 6108: Host address location. This location must contain zero in the left byte and

the host address in the right byte. The microcode matches this host address
against the first byte of a passing packet to dccide whether to accept it.

SIO passes commands to the interface and returns the host address of the Alto. Commands to the
Ethernet interface are encoded in the two low order bits of ACO and have the following mcaning (the
remaining bits of ACO may be interprcted by other devices and thus should be zero):

AC0[14-15]: 0 Do nothing
1 Start the transmitter
2 Start the receiver
3 Reset the interface and microcode.

The host address, returned in AC0[8-15] by SIO, is set by wircs on the Alto backpanel. This number is
normally put in EHI1.0C thereby causing packets with destination addresses matching the address set with
the wires to be accepted by the receiver. For more on addressing, sce below.

Upon completion of a command, EPLOC contains the status of the microcode in the left byte and the
status of the interface in the right byte. The possible valucs of the microcode status byte, EPLOC][0-7],
and their meanings are:

EPLOC[0-7] = O: Input done. If the hardware status byte is 3778, the interface believes the
packet was received without crror.

i
[a—

EP1.OC[0-7] Output done. If the hardware status byte is 3778, the intcrface belicves the
packet was sent without error. The number of collisions cxperienced while

sending the packet is log,(ELLOC/2+1)-1.

EPLOC[0-7] = 2: Input buffer overrun. The received packet was longer than the buffer, and
the excess words were lost.  Buffer overrun causes an carly cxit from the
microcode input main loop, so it is likely that the CRC crror and Incomplete
transmission bits in the hardwarc status byte will be set.”

EPLOC[0-7] = 3: Load overflow. The transmitter cxpcrienced 16 consecutive collisions
(assuming ELLOC was zeroed before starting the transmitter) while trying to
transmit the packet described by BEOPLOC and BoOCLOC. DpLLOC[0] will be

one.
EPLOC[0-7] = 4: The command (input or output) specified a zcro length buffer.
1rLocf0-7] = 5: Reset.  Generally indicates that a reset command (S10 with AC0[14-15] = 3)

was issued to the interface when it was idle or any command was issucd
when it was not idle.

EPLOC[0-7] = 6: Microcode branch conditions that should never happen cause this code to be
posted if they do happen.

EPLOC[0-7] = 7-3778:  The microcode does not gencrate these valucs for status.

Note that the microcode statuses arc small integers and not individual bits as in the interface status byte.
Bits in the interface status byte, EPLOCI8-15], arc Jow true. When zero, their mcanings are:
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EPLOC[8-9] Unused. These should always be one.

EPLOC[10] Input data late. The interface did not get enough processor cycles.

1pLOC[11] Collision.

EPLOC12] Input CRC bad.

1r1OC[13] Input command issued. (ACO[14] in last SIO)

£p1LOC[14] Output command issucd. (ACO[15] in last SIO)

rproc[15] Incomplete transmission. The received packet did not end on a word
- boundary.

Command completion can be detected in two ways: (1) zero EPLOC and wait for it to go non-zcro, or (2)
set bits in EBLOC corresponding to the channels on which interrupts are desired at command completion.

When a program wishes to send a packet, it must first turn off the receiver if it is on. If the receiver is
actively copying a packet into memory, the transmitter should wait for the receiver to finish (a maximum
of about 1.5 ms. assuming 250-300 word packets). The program can tell whether the receiver is actively
transferring or idle by zcroing the first word of the input buffer before starting the receiver. When the
program wants to start the transmitter, it checks the first word of the input buffer: if it is still zero, input
has not yct begun and the interface may be reset and the transmitter started with a high probability of
not missing an incoming packet. There is still a small window between testing the word and starting the
transmitter when a packet can arrive and be missed, but paragraph two of this chapter warned that the
Ethernet is not crror free anyway, so missing a few more packets should be harmless.

A program can determine the size of an input message (and though not too useful, the number of words
transferred to the interface by the output microcode) by subtracting the contents of EELOC from the
original buffer count in EICLOC or EOCLOC. The microcode never modifies the buffer count or pointer
locations.

To keep the receiver listening as much of the time as possible, if EICLOC is non-zero when an output
command is issued, the microcode will start the recciver "under’ the transmitter: while the transmitter is
counting down a random rctransmission interval after a collision, the receiver is listening. [f a message
arrives addressed to the receiver, the transmission attempt is aborted and the incoming message is
received into the buffer described by EICLOC and EIPLOC. The transmit command is nof cxecuted in this
case, and must be reissued. The microcode status byte in EPLOC will have an 'input don¢’ status value if
the transmission attempt was aborted by an incoming packet.

The first word of all Ethernet packets must contain the address to which the packet is destined in the left
byte, and the address of the sender (or ’source’) in the right byte. Reccivers cxamine at lcast the
destination byte, and in some cascs (not in Altos) the source byte to determine whether to copy the
message into memory as it passes by. Address zero has special meaning to the Ethernet. Packets with
destination zero arc broadcast packets, and all active receivers will receive them, 1f a program wishes to
receive all packets on the Ether regardless of address (useful for debugging and diagnostic programs), it
should put zero into EHLOC instead of the host number returned by S10. A host which does this is said
to be promiscuous.  Address 3778 is reserved for Ethernet booting (see section 3.4).  Address 3768 is
reserved as the destination for diagnostic messages.

By convention, the sccond word of all Ethernct packets is the packet type. Communication protocols
using the Ethernet should set the type word to describe the protocol to which the packet belongs (for
cxample Pup protocol packets have 10008 in the type word). The type word is purcly a software
convention; no Ethernet hardware or microcode interprets it.
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7.2 Ethernet Hardware

The Ethernct hardware consists of a FIFo buffer, an output shift register and phase encoder, a clock
recovery circuit, an input shift register, a CRC register, and one microcode task. The hardware is shown
in block diagram form in Figurc 8. Packets on thc Ether are phasc encoded and transmitter
synchronous: it is the responsibility of the receiver to decide where a packet begins (and thus establish
the phasc of the data clock), scparate the clock from the data, and descrialize the incoming bit stream.
‘The purpose of the write register is to synchronize data transfers between the input shift register whose
clock is derived from the incoming data, and the FIFO which is synchronous to the processor system
clock. The large FIFO is neccssary because the Ethernct task has relatively low priority, and the worst
casc latency from request to task wakcup is on the order of 20 microscconds. The phasc cncoder uses
the system clock (one Ethernet bit time is two clock periods).

Included in the clock recovery section is a one-shot which is retriggered by cach level transition of a
passing packet. This detects the envelope of a packet and is called its ‘carricr’. Ethernct phasc encoders
mark the beginning of a packet by prefixing a single 1 bit, called the sync bit, to the front of all
transmissions. 'The lcading edge of the sync bit of a packet will trigger the carrier one-shot of a listening
receiver and cstablish the receiver clock phase. The sync bit is clocked into the input shift register and
recirculated cvery 16 bit times thereafter to mark the presence of a complete word in the register. If
carriecr drops without the sync bit at the end of the register, the transmission was incomplete, and is
flagged in thce hardwarc status bits. When the shift register is full, the word is transferred to the write
register where it sits until the FIFO control has synchronized its presence and there is room to accept it.
If the shift register fills up again before the word has been transferred from the write register to the FIFO,
data has been lost and the input data latc flip flop is set.

Ethernet transmitters accumulate a 16 bit cyclic redundancy checksum on the data as it is scrialized, and
append it to an outgoing packet after the last data word. As a recciver descerializes an incoming packet it
rccomputes the checksum over the data plus the appended CRC word. If the resulting recciver checksum
is non-zcro, the reccived packet is assumed to be in crror, and the condition is flagged in the hardware
status byte. Since the CRC is of no interest to the emulator program, a wakcup request to empty data
from the FIFO is only madce when it contains two or more words. This reduces the effective size of the
FIFO by onc word, but insures that the CRC will be left behind at the end of a packet.

The phasc encoder is started when the microcode has decremented the countdown to zero, there is no
carricr present, and cither the I'Iro is full, or if the message is less than 16 words long, all of it has been
transferred to the 11¥0. The phase encoder will not start up while there is carrier present. ‘This means
that collisions can only happen because of delay in sensing carrier between widely spaced transmitters.
Collisions arc detected at the transceiver by comparing the data the interface is supplying to the data
being reccived off the Ether. If the two arc not identical, a signal is rcturned to the interface which sets
the collision flip flop causing a wakeup request to the microcode which resets the interface. Countdowns
arc accomplished by sctting a flip flop from the microcode which will cause a wakcup rcquest on the
next occurrence of SWAKMRT. This makes the grain size of countdowns about 38 microscconds.

The interface and the transceiver are connccted together by three twisted pairs for signals plus two
supply voltages and ground supplicd from the interface. The signals arc (1) transmitted data to the

transceiver, (2) received data from the transceiver, and (3) the collision signal from the transceiver
indicating interference. ’

7.3 Ethernet Microcode

The FEthernet microcode uses a single task and 2 registers in R:



Alto Processor Bus

16
a Interface Buffer
/16 N "6 (16 words) "6
Input Shifter Output Shifter
Clock \r/ggit:ter
Phase Phase
Decoder : Encoder
Read data . Write data
/ Transceiver y:
1 1
Ethernet
Figure 9 -- Ethernet Control
Microcode Status DL Coll CRC |ICmd |OCmd
1 L 1 1 1 | 1

0: Normal input completion !

1: Normal output completion Hardware Status
2: Input buffer overrun

3: Load overflow

4: Zero length buffer

6: Reset by software

6: Impossible microcode condition

7-377b: Reserved



