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1.0 INTRODUCTION 

This document is a description of the Alto, a small personal computing 
system designed at PARe CSL. 

By 'personal computer' we mean a non-shared system containing sufficient 
process ing power,' storage, and input-output capabi 1 i ty to sat i sfy the 
computational needs of a single user. 

An Alto system includes the following subsections: 

a) 

b) 

c) 

d) 

e) 

f) 

g) 

An 875 line television monitor, oriented with the long tube 
dimension vertical. This monitor provides a 606 by 808 point 
display which is refreshed from main memory at 60 fields (3D 
frames) per second. It has progranlloable polarity, a low 
r p. !-' 0 III t i all mod e \\' hie h (' U 11 ~ f' l"\' e ::: lIW 1110 r y !' P LI C e • all d a cur S 0 r 
who s epa sit i 011 a 11 d CUll tell tar e u 11 d (~r pro g r a I!\ CUll t r 0 1. 

An undecoded keyboard 

A mouse (pointing device) and five-finger keyset. 

A Diablo Model 31 or Model 44 disk file. 

Opt iOllnlly. a Diablu By TYiJe pririter. 

Cp to G·1K 16 bit words of [-;50115 semiconductor memory. 

..\. microprogramllled proce!'!-'or which rontrol!-' the disk alld 
dis pIa y. [l n d emu I ate s a \' i r tun I In a chi 11 e \\' 11 0 sec 11 a rae t e r i s tic s 
are approxinwtely those of the Data General I\OV[1. 

The processor, disk. and their power supplies are packaged in a 
small cabinet. The other I/O devices may be a few feet away, and 
are pleasingly packaged for desk. top use. 

The reIn:1 i n i II g sec t ion ~ 0 f t h i ~ doc u m P. n t w ill d i ~ e u sst he 113 r d war e 
:llld microt:ode of the ~t:llldard cunfigurntioll :\lto~ 
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2.0 Microprocessor 

The microprocessor is shown schematically in figures I and 2. A principal 
design goal in this system was to achieve the simplest structure adequate 
for the required tasks. As a result. the central portion of the processor 
contains very little application-specific logic, and no specialized data 
paths. The entire system is synchronous. with a clock interval of 170nsec. 
~icroinstructions require one cycle for their execution. 

A second design goal was to minimize the amount of hardware in the liD 
controllers. This is achieved by doing most of the processing associated 
wi th 1/0 transfers wi th microprograms. To allow devices to proceed in 
parallel with each other and with CPU activity, a control structure was 
devised which allows the microprocessor to be shared among up to 16 fixed 
priority tasks, Switching between tasks requires very little overhead, and 
occurs typica] ly every few microseconds. 

2 .] :\ r i 1 h m C' tic Sec t i 011 _._--_._----- -

The arithmetic section of the processor consists of a 32-worci. by IG-bit 
rl:gi~l(!r file R. and four rp.gisters. T.L. \L\H. and IR. The register~ are 
cOllnected to the memory and to all .-\LU with a IG-bit parallel bus. 

The ALlJ is a Si\,·1181 type. restricted so that it can do only 16 arithmetic 
and 1 n g i c n 1 f 11 n c t i 011 S • The:\ L U 0 II t P tI t fee d s the L a 11 d 'L\ R reg i s t e r s . T 
m I.. ~. a 1 ~ 0 he 1 0 [I d (! d fro m the :\ L U 0 II t put. u 11 d ere t; r t a i 11 COil d i t i iJ 11 !'-I ... Lis 
L'Ull1wC'tf!d to [l shifter capable of Itd't aud right shifts by Olle place. rind 
c~'cl(!s of t'. It has n mude in \\'hich it d()(!s the pl!('uliar Ii-bit shifts of 
the :\OY:1. nnd a mode which allows double-length shift.s to ue done. 

The IR registp.r is used exclusiYely by the Nova emulat.or t.ohold the 
current CPL ill!'truction. 

Attached to the bus' is a 256-word read only memory (RO~f) which holds 
arbitrary IG-bit constants. 

T 1I e III i c r 0 pro C (> S S (I rex l~ cut e S 

p rug r ~lll:lil~1 b 1 f! r e CI d - (Ill 1 :.' In l'I:JO r y 
3ro: 

instructions from a 
(PW)\I). The fields uf 

H Select - .--.---

BIT 

0-··1 
v-S 
9-11 
1:2-]5 
Hi-19 
~() 
~l 
~~-::~ 1 

R Rpgi~ter Select 
.-\IX Function 
Bll:3 Dtttll Source 
FUll C i i (111 i 
Funct i(111 2 
Load L 
LO:l rl T 
~ ~ (' :.; ! I!l i C' r (I ins t r II r. 1 ion 
!!ll)d i r i e r s ) 

]K word by 32-bit 
l.ht-: micl'oillst ruet iun 

(subject to 

T 11 c H s elf, e t fie 1 d s p p (' i fie son e 0 f t 11 l~ 3 ~ R eel 1st 0 b f! 1 () tI d l~ d (l r rea tl 
under clllltrol of the uus source field. or, ill conjullct iOll with the bus 
source field, one of the 2;")6 locations to be read from t.lw constant RWlf. 
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The low order two bits of the R address (but not the constant ROM address) 
may be taken from fields in IR under control of the functions. This allows 
the emulator to address its central registers easily. 

ALU Functions 

The ALU function field controls the SN74181 ALU. This device can do a 
total of 48 arithmetic and logical operations, most of which are relatively 
useless. The 4-bit field is mapped by a PROM into the 16 most useful 
functions: 

ALU FUNCTION FIELD FUNCTION S3,S2.SI,SO,M,C INPUTS TO 
SN74181 

a BUS I 1 1 1 1 0 ft~ 1 T 1010 I 0 
2 nrs OR T* 1 110 1 0 A+B) 
3 nrs AXD T 101 ) 1 0 AB~ 4 Brs XOR T 0110 1 0 :\ :OR B1 
5 Brs + 1 * ooon 0 0 .. \ PLrs ~ 
G IlLS - 1 * Ill) 0 1 A \tl ~,t:s ) 
7 nrs + T 1001 0 1 ;\ lILts B~ 
10 llL'S - T 0110 0 0 .:\ ~IIXUS ) 
I I nrs - T - 1 0110 1 0 :\ \11 XUS B \fJ ~1JS I) 
12 JILeS 1 ) la:s + T + 1 * 1001 0 0 .-\ B PLCS 
13 Ht"S+SKIP* 0000 0 SK P' (;\ I'LCS 1 ) 
14 BL:-;.T* (;\~D) 1011 1 0 (AB) 
15-17 L'\DEFI~ED 

*If T is luaded during an instruction which spc('ifies this 
function. it will be loaded from the ALU output rather than from the 
bus. 

Bus Sources 

The bus data source field :::pecifies one of 8 data sources for the bus: 

VA]"'CE 

o 
J 
2 
3 
~1 

5 
(j 

7 

SOURCE 

R(: ~)(l R 
Load H* 
\nthing (-1) ** 
K ~ t ;! t (dl ~ J\ COIl t r 0 1 ~ t [l t U ~ b:i t s) , 
K : ! ;'\ 1 a (Ib bits () f dis i,; d ~ t a ) 
\kl!lOfY d:lta 
\ I.,) U :;; e' d; I t (I (~ bit ~. rt: lli a i Ii( 1 (' r 0 f \'.' I) r dis 1) 
DL::p (low ord('l' ~ hits of IlL Sjgll (:xtended) 

* T 11 i s i ~ not I t) i-~ i c [! 1 1 y a S I) 11 r (' e. btl t ~ inc (~ R i s g n ted tot h e b 11 S d uri n g 
11 0 t h rea d i Jl g' n II d \\" r i t i 11 i! . i tis i 11 C 1 11 d l' din t 11 c ;.;; 0 U f C e s p e (' i fie r s . 
LCL\J) It furces the J)l'S 100. SI) that T'" F(0,'1') Hlay be simultnncously 
executed. 

**liv ('ollYention. these bus sources are task sppcific, i.e., their 
mea iii 11 g d e p (! 11(.1 son the C U f r en t l~; u eli Yet n ~l~-. - K ST.\ Ti11ia K D A T"\ are the 
illterpretGtiol13 used durir~g the disk sectol' and word tasks. 
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Special Functions 

The two function fields specify the address modifiers, register load 
signals (other than those for R. Land T). and other special conditions 
required in the processor. The first eight conditions specified by each 
field are interpreted identically by all tasks, but the interpretation of 
the second eight depends on the active task. The task-independent 
f U 11 C t i 0 Jl S are g h' e n below. the t ask - s p e c i f i c fun c t ion s are inc 1 U d e d wit h 
the task descriptions. 

MEANING 

No Activity 

Load ~t\H from :\Ll" output: start main 
1lll!IIl(HY reference. 

Switch ta!"ks if higher priority wakeup 
pending. 

Disable current 
reenabled by 
COIHli t ion. 

task wakeup until 
hardware generated 

Left shift L (one place)· 

Ribht shift L (one place)* 

Cycle L (8 places)· 

Bl'S"'constant RO\f location addressed by 
RSELECT.BUS SOURCE. 

*moctified by D~S (do Nova shifts) function. and ~1AGIC function 

J'T ~< (' T I ();~ 2: -- -- -_ ... _-- -
L\1.U£ 

o 
1 
~ 
;") 

-I 
f) 
G 
I 

Br~=o 
SH<O 
S II =~, 
BrS 
;\lJ"CY 
STCJI~E 
~-(t'\~T;\~T 

:\0 :\('t i\'i ty 
::E\T-~';EXT iJH 
\F\T-\f-.\T (il~ 
\ E \ T .- \ i::< r U J ~ 
\E\T·-\E\T OH 
~~ LX T ... \ EXT 0 It 

S:\~.1E AS F] =7. 

(BUS=O) 
(.'IIIFTLH (){lTP[T <0) 
i Sid ~TEi~ OI:TPLT ={}) 
J':LS(Oil)-eCS( 15) 
L.\LL Cl1'" 

* T!J e (' :~11' r \' II :: c- dis t 11 n t p r (J due e d by 1 h e ~_lX f ti net i 011 \\. h i chI as t 
1 0 ~1 d e d 1 I! e L r t: g i s t e r . 
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2.2 Constant Memory 

The constant memory is a 256 x 16 PROM which holds arbitrary constants. 
The constant memory is gated to the bus by Fl=7. F2=7. or BS)4. ,The 
C 011 S tan t rn e m 0 r y i sad d res sed by the (8 bit) con cat en J t ion a f R S EL E C 0 and 
BS. The intent in enabling constants with BS)4 is to provide a masking 
facility. particularly for the MaeSE and DI~--P bus source. This works 
because the processor bus A~Ds if more than one source is gated to it. Up 
to 32 such mask constants can be provided for each of the 4 bus sources )4. 
Note that it is 110t possible to use a constant other than -1 with the +=MD 
bus source, since memory parity is calculated on the bus, and a parity 
error will result if bits are marked off in a word fetched from memory. 
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2.3 Main Memory 

A memory reference is initiated by executing Fl=6. MAR+-. The program 
partially controls memory timing. and must observe certain rules to in~ure 
correct operation: 

a) 

b) 

c) 

d) 

e) 

f) 

g) 

There may be a minimum 
microinstructions executed 
data transfer. 

of one and a 
between starting 

maximum of three 
the memory and the 

During the fourth cycle after MAR has been loaded, if F2=6, a 
store of bus data into the word addressed by MAR will occur. 

During the fourth cycle of a reference. if BS=5. the reference is 
a fetch to the word addressed by MAR. 

During thp fifth cycle of a reference. if BS=i1. the odd word of 
the clfJl1h]p\\"(lrd adcir('~~ed bv ~t:\R i~ deli\'ered, Tlw IIWIllOr\' ('v('le is 
ext e 11 d (! d by 0 11(~ C Y c I (! i f bot h W 0 r d s a fad (j II b le \\' (lr dar e f l! t c h e d . 
1 f ~11I i::; ref ere n c e d d uri n g the f i f the y c Ie, i t In U S t h a " e a 1 sob e e n 
ref(!rCIl('l"?d during the fourth. 

If ~m is referenced before the fourth cycle of a reference. the 
processor will be suspended until a total of 4 cycles have 
elapsed, 

If I\SELECT = ~)7B during the in~tl'l1('tilill which ~tarts the IIlClIlorv. a 
ref r l! ~ h (' \' C lei s a s ~ 11111 e d a 11 d a 1 I III P III U r \' car d sal' e act i \' a t l! d . ~r his 
i sus e d b ~. t II ere l' res h t ask. . 

The..! memory checks parity on all fetches. unles!' the cycle is a 
refresh cycle. or the address is ) 171'H~0B. in which case an I/O 
de\'ice is b~ing referenced. Parity errors result in activation of 
a task whose purpose is to deal with the error. 
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2.4 Microprocessor Control 

The control section of the microprocessor is straightforward. Instructions 
are taken from a IK word by 32-bi t RO~f which is addressed by one of the 
cells of a 16 bv 10 RA\L This HA~I is addressed by the current task 
register. The in·struction memory produces an instruct·ion and the address 
of its successor (NEXT (0)-NEXT (9». This successor address may be 
modified by merging into its bits under control of the function fields of 
the current microInstruction. This limited branching capabi lity makes 
coding more difficult' than with a more general scheme, but not seriously 
so, as examples of microcode demonstrate. 

Whi Ie only 10 bits of the PC ram are used in the standard Alto, the 
hardware contains 12 bits to allow for future expansion. An available 
option is a P.C. card which contains an additional lK of control memory 
implt:!lI1ented with RA~,1. This memory may be loaded or read by special CPU 
instruC'tions. and pro\'i~iollS exist f(~r cau!;ing allY of tll(~ IG tasks to 
execlit e inst ruet ion!' from it, 

At the end of each cycle. the microinstruct ion register PUR) and the PC 
are loaded, and the cycle rep(!,!ls, Tlwre is only (111P phase of the system 
clock. It is true during tht! last 25ns. of eyery instruC'tion. 

Ta~ks 

If the procns~or executes the tta~k' function (1-'1=2) during an instruction. 
t Ii e (~11 r r (! n t t ask reg i s t e r i ~ I () a d e d ( at the end 0 f t Iw ins t r u C' 1 ion) \\" i t h 
t h P. Ill! rn h (! r 0 f t 11 e C' u r fl'l1 t h i g IH.' S t p r i (\ r i t ~. t a::: k a s de t e r II! i ned h y the 
priority (~iH·oder. This (',luses tlll~ next in~trll(,lion tn be fl'tchcd froIn the 
RU~I location specified by the sa\-eu task's PC. One ndditional instruction 
i sex c r lJ t l! d b {! for e t h P. S wit C' h be (' 0 1I1 e ~ e f fcc t i \' {~ . A \. e r::; ion 0 f the (' u r r e n t 
task register which is delayed froll1 the PC RA\1 addres!' by one cycle exists 
so that this instruction can execute tusk-specific fUllctions, but these 
functions must do no address modification, since any" modification would 
affect the new task. The situation for two streams of instructions A-F and 
J - Min two d iff (! r en t t ask sis s 11 0 W n below: 

I 

In~tl'uctioll 
Being Executed 

A 
n 
C II: 

D 
J "'* 
J\ *** 
L 
E 

lnstrnction 
Beillg' Fetched 

B 
C 
D 
J 
J\ 
L 
E 
F 

Addrl~~:S Stored 
PC at End of Cycle 

r 
D 
E 
K 
L 
II 
.11 

F 
(~ 

""Instruction (' alln-,\"s In~l\ ~\\"it('hiil£:'. :\i."S t:l~k's PC = .J. 
;":-1 I 11 ~"t r \I l' t i U 11 .J doc:s t1 n (lIlt. ~ r : I t i un\'; I Ii (' 11 reIn 0 \" (: ~: its t 11:-; k I S '1'1" n k f' 1I P H' que st. 
**""lnstruC'tloll K allows ta .. ~k !'·,~"itchil~f..'". Dnd tIw original task is no\'." 
highest priority. 

TIw tras1:. r(;ql1(~~t line~ which drivp the priority enCOd8I' arc harth'tare 
~ell(:rciled and are not aC'l'n::;~iblc til the mici·opfugriull. When;) running task 
cxecute~ the TASK function, control will switch to another ta~k only if a 
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higher priority task has a wakeup request pending, or if the current task 
no longer has a wakeup request pending. In the latter case, control goes 
to a lower priority task. The lowest priority task is the CPU emulator, 
which is always requesting wakeup. 

The TASK function should be executed only at times when the current task 
has no state in L or T. and has no maIn memory operations in progress, 
since there is no provision in the hardware for saving this information. 

Initialization 

The only way in which the microprogram can affect the task structure is to 
request a t~sk switch. In particular, it cannot affect the PC's of tasks 
other than itself. This presents an initialization problem which is solved 
by haying each- task start at the location which is its task number. Task 
numbers are written into the PC RA\f during a re~et cycle. \\hich may be 
initiated manually or by a CPU instru('tion 
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3.0 Emulator 

. The lowest priority task is a microprogram which implements an instruction 
set which is similar to that of the Data General Nova, with the following 
d:i f fer e nee s : ' 
" 
, " 

1) Add res s e s are 16 I rat her t h an 15 . bit s . Th e p r inc i p a I 
imp 1 i cat ion S 0 f t his are t hat m u 1 t i-I e \' eli n d ire c t ion i s not 
possible, and that all 16 bits of an AC used for indexing are 
significant, so that the sign bit cannot be used as a flag. 

2) There are no auto-index locations. 

',3 ) I/O class instructions are not implemented. They have be~n 
replaced with a number of additional instructions. 

·1) An entirely different interrupt sy~tem h3~ been illlpl{·:I!:(~ated. 

:3 . 1 A.~U;~) (' n ted In s t r u c t 1 () n S H t 

()Pl'Odl~:;; nl)(l\'p GOnOOB. whi(,h nre 110 illstructi()n~ in t]w ~(I\,:t. h:I\"0 hep.l1 
rt';l~~ii!IWti to instru('tillll:-: whil'h :1Ugllll'l1t th(~ ~ta)ld:lrd in~tr\lrti()11 ~t:t. 
Bit~ a throL;g-h 7 of tIll! in~tl"uction d(:tr.rll1jnl~ :.:>:2 op('od(!~. each of which IlIay 
llse the di!-'pI3cl!llIcnt field. One of these opcodes is used to represent up 
t.o 2GG in31ructions which do not require a displacement or a parnIr.eter as 
pJrt u~ th~ opcode. 

ell r r U 11 t 1 \" . 0 n 1 Y il ~ III all n 11 In b I~ r (I f 1 he a'\' ail 11 b 1 e (! x 1. r a ins t r u (' t ion s h il \' e 
b{~en jl1lp·iellleIlT(·~d. \\"lWll an lInimplf!::t::nted ope ode i:, eXf'l'uted. the microcode 
~ t I) rt.~ ~, t. he P (' ( \\' h i (' h P (I i n t ~ un e 1 0 cat i 011 bey O!~ d the i 11 ~ t r 1I C t i 011 \\' h i c 11 
caused tlw trap) in 10cotio11 THAPPC. and simulates a .J\fPfoJ T1L\P\,EC ! lR(3-
7). TIL\rpC. und the 32 \\'ord trup \'i~ctor are all re~er\'cd locatiolls in page 
1 (see Appendix B). 

The currently assigned extra instructions and their operations are: 

CYCLE (60000): 

.JSH[I: (G-l·}UO) : 

J SR I S (GfIOOO): 

L P ftc~' r 1 e (r 0 t ~j t r! ) the con t (! n t ~ 0 f :\ rOb y t h p n m a u n t. 
sjH!cifie>ti in in!'lrl1clion bits 1:2-1;). unlcs:: thi~ \'alue is 
zero. in \';hich ca~tJ ('yel(; ;\(0 l~~fl b\' the amount 
r,pecified ill '-\('1, LC'ii\'vs'ACl = (')"e1(: cnunt'lIInd 20B . 

• J S B d f) II b 1 (: i n d i r ( ct. r ere 1 a t i \" e : 
.\i ;)":-I'C+l 
1'1" - r \' ( n' ( r I.' + Tl IS P ) ) 

.J ~ n d n 1I hIe i n d i f(: ct. A r ~ reI D t i \' e : 
:\1 :) .... r!"+J 
p (" ~)'\' ( n' ( ;\ C!.! + DIS f' ) ) 

CO>~\,EnT: (0/000) Th: COli':ert i;::,zl'lIrtirm clf)r'~; ~(,;:11 ('n!1n:!'~i(ln of 
c!1ar:lt'l(·I'>';. i.p .. it tr<'l11'ff'r:-; d:lra bptiH't.'!1 ill; ~:r.~a of 
I:l:·il~ ;:lcmory l'Or.::liilill~· a ton1 ,li!ci all rll'(':1 0: l;:t~!lIory 
(,oilt~linjng a bit :11~'P tl) bc· dl;·r)j~i~·t!d 011 t!ll: Tr 1!I~)nitor. 

C 011 y e .. t t a k C S :l :1 U m b (' r 0 far g m:l(,' n t s : 

Acn t.·onl'lin::.; tLe ;tddn'!:;::; of lbl~ d{=~tillation wurd into 
\\" 11 i c 11 t h (! up p \; r 1 (; ftc () rIW l' 0 f the e i1:! r a c: t e r i s t 0 be 
placed. off~et by :\\l:nJ)~. tht~ l~l1ll1ber (If \\'()rd~ to be 
JispLlyed 011 ':'~~(:::::Lan line (:\CO=I..;\L\-I\\a;I\DS). 
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AC3 points to a character pointer in the font for the 
character to be displayed (AC3=FONTBASE+CHARACTER CODE). 

AC2+Displacement points to a two word table: 

word 0: NKRDS (number of words per to scan line) 

word 1: DBA, the destination bit address 
corresponding to the left hand edge of the 
character. Convert interprets this bit 
address reversed from the normal 
convention, i.e., bit 0 is the LSB, bit 15 
the MSB. 

Convert requires that a 16 word mask table be set up 
startin~ at MASKTAD in page 1. MASKTAB!N=(2**N+l)-1 
(O~ll<lG). 

The format of a standard AllO [Q!l!:. is: 

FO~TB:\SE-2 The height of a character in ~ran 
lines. 

FO~TBASE-l The width of a character (and 
~urrol1ncling spaces) in ra~ter point~. 
If the font i:-; propol"I,iunnll:v SPU(;dl. 
1 his w() r d co 11 tal 11 S t 118 \\' i d I h 0 f t lw 
widest character. and bit 0 is set.. 

FO:';TBASE to FO:';TB.\SE+:n7B: Self-relatj\"(~ point.ers 
to word XU of the character de~rriptor 
block for the character codes 0-377B. 

FO:':TBASE+400B to FO:';TBASE+400B+EXTC\T-l: These 
locations contain seJf-relative pointers 
to word XII of the character' descriptor 
hlock~ for f~:-:tpnsion::;. i,e,. portiolls of 
charact'~rs \\h-rl:':ll-'ure--\\'icier th~U1 16 bits. 

F 0 :: T 13 A S E + ,4 00 1; + EXT C:: T t (I co 11 d : Con t n illS a n U In b e r 0 f 
r h a. rae t e r des (~ rip tor b 1 0 c k s n f 1. he for III : 

\'.' 0 r dOt 0 ',\' 0 r d X H - 1 : T 11 e hit map for 
the (' h a r :t (' t p r .1Il d ~ u r r () H 11 dill g spa c (-' S • 
T 11 p bit Iii ,I P tl;J ''; ~ 11 i) 1 i 11 t' J \I cl ~ O· sat the 
t (I!' n 11 d b () 1 t I; .11 () f i liP (' i1 i.1 r ~i(' t (! r. ~I ~ t Ii e 
clLll':tC'if!!' v;ill bp \'crti('a]]\" p!l~:;jti()l1fd 
hy C'Oll\,(lrt, TIl(; lilll)('r \,.:ft:"}i;tnd bit of 
tiH' L:h:J.ractcr i:-; iIi ·tlle ~lSB of iHlru O. 

\\.(11'.1 XII: If tJ:1! I'h:ll',1('l(;r i., lc~~ 1h~\11 
1 I. i 11 i t ~ \'. ide . 1 11 i ;~ ..... 0 r d c () n i a i : 1 ~ 
(~"'\\'i(~tl!)+.1, ]f tll(: ('};:!l',!:'U:1' r(lquin.!~ 
HI. i'xtL'l\;·lon, t)11,';'; i\'()td c'Jli1ains :Z* n 
p~(C':l(lo-ch;lr:jctcr \','hicil i:-: U~~I'd as a 
cll1.lr~H·lf!r ('(HiE': t:) illde:~ thp font. If 
1 L ; s ;:-; t 11 (! L-I;-' t \. ,\, i t' i I:~ i 011 1.1 ]':. (' k 0 r a 
cluracter. this · .. .-nrd Cl)Jll~lins (:2* lhe 
width of the fin[ll exten~iol1), 1':1t11er 
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DIl\ 

EIR 

BRI 

RCLK 

(G1OOO) Disable interrupts: 

(G1001) Enable interrupts: 

(G1002) Branch return from 

(61003) Read Clock: 

than the total width. The pointer 
indexed by the character code pOints to 
this word. 

word XH+l: In the left byte, HD. In 
the right byte, Xli. liD is the number of 
scan lInes to skip before displaying the 
character. XH is the height of the bit 
map. 

The convert instruction ORs the bitmap 
contained in one descriptor block into 
the display area. If the character does 
not require an extension, convert skips, 
wi th the following informat ion in the 
AC's: 

Aro: unchanged 
:\C1: DBA and 17B 
AC2: unchanged 
:\C3: the width of the character in 

bits 

If the character requires an extension. 
COllyert returns normally. AC:3 contains 
t h l.! P s e u d () - chit r i.1 c t (; r C lJ d e r p r t 11 € 
extension, and :\CO-~ are as above. 

See (3.2) 

See <3.2) 

interrupt: See <3.2) 

The microcode maintains a 2G bit real tillle clock which is incff'!IIenled 
by iilt: memory r,-·rr~sh ta~k at :)8.0t' micl'o;";{·c. IJjtc!'yal:3. T1Ie high 
(Irc1(!l' Hi bit:-: of this ,.lp('1\ ar(' maintained ill lncation HTr in pilt~P 1. 
tlJe 10'1\' nrder 10 hit~ arc l\(!pt ill the hig-h nrder !Jit:-; of H:37. H~i is 
increu;l..!llted by lOUli eat'li ;)S.OS 1ll1CrO~pc. T11l~ It:· ... · order G bits of t~:37 
contnin st:jtt~~il1furl1lati(Jn ullrelated to the ti!lIe. 

]U·]J\ ]oad:-; :\('0 with the l'ol1t('nt~ (If Inc:nlnl1 TITC. :!11(1 l(I:·,d~ AC1 with 
tll(! C(liltt'ilts of It:~7. If tiJ(! 11rogrLlIil tl1L-11 Zt'ro~~ i.,iu·: la-I;, of ACl. it 
\:·il1 }1:1\,!~ a ciuck \'~l\a! in llni!:, of .5~}f) micro.:.,.cO!!ds .. ·\{'O alone is 
in unit~ of :1811l;;. The period of thE! clock is Jb['Ul :10 minutes. 

SIO (GI00~) Start liD: 

Sllllt 1/0 i:~ i!l\'lud(~d to f'acilitntl! 1/0 ('o!:~rcII. It pl:ices rlw 
(,(lI1Tl'l1t:;; (If .\.(,0 (ill tllp prOCC:,:-:(lf 11\1::;. and {!Xf'ctlte:; t~ll:' ST;\f..1T {'Ul1ft ion 
(Fl=liT). If tIre; Etherllet lwrcl\rare i;-; il1stolled. the serial nUJ!lb·.:!' (If 
1. h C Ii! a (' h i n e (0 - ;Y" B) i;:; loa d (; din t a A ('. 1 . 

L L T (j J 00 r) ) B 1 0 C k t r:) 11 s fer: 

DLKS (01006) Block store: 
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Block transfer and block store take the following arguments: 

ACO: Address of the first source word-l (BLT), or data to be stored 
(BLKS) . 

ACl: Address of the last word of the destination area. 

AC3: Negative word count. 

Since these instructions (1) are potentially time consuming, and (2) keep 
their state in the AC's, they are interruptible. If an interrupt occurs, 
the PC is decremented by one, and the AC's contain the intermediate state. 
On return, the instruction continues. On completion, the ACts are: 

ACO: Address of last source word+l (BLT), or unchanged (BLKS). 

AC1: unchanged. 

AC2: unchaJlged. 

AC3: O. 

The first word of the destination area (ACl + AC3 + 1) is the first to be 
stored into,. 

SIT (GI007) Start interval timer: 

The III i c r () cod (! i 111 pIc III en t s n n i n ten' nit i mer \\ hie h has arc sol u t i"o 11 0 f 
:)~ Illir.roscc .. and a maxilllum period of 10 bits. A-:;. the principal 
n p p I i cat i () 11 f CI r t his t i 1lJ(! r i s t 0 d 0 bit ~ a iii p 1 i 11 g r 0 r a ~ e ria I E L\ -
R S :! ~t2 C 0 III P n t i b 1 e com lTlll11 i c n t ion s 1 i n e . the t i III e r iss per. i ali zed for 
t11i::- purpose. It uses three dedicated Iocat ions in page 1: 

I TT I ~t E : Co 11 t a ins the t i III eat \\' 11 i c h the n ext t i III e r i n t err u p t s h 0 u 1 d be 
caused. This is a 10 bit number, left justified in the 16 
bit word. The low order 6 bit.s are not interpreted. 

ITIBIT~: This word contains one "or more bits specifying the chanIle) or 
ch,lnllel~ Ull \',llir!l tile 1 illll!r illtf!rrupt i~" to uccur. 

IT017:\:-\: \\'!ICn thCl intp'r\'al timer interrupt i:::: ('[1\1:"1:--:<1. tIlt' microcode 
s 1. 0 r e ~ n q II ant i t yin t his 1 0 cal i U II wit i c h del Jl~ lub 011 the m () de. 

The SIT in~trurti(lll OHs the cont£!nts (If' ,\('0 into H:17. Thl' high 1:3 
I.lil~ !'llOultl be O. tile low order :2 bil~ dl'tprI'line the: i11tCl"val timer 
T!lod£~ : 

B:3 I ( l·t . 1::> ) 

00 

01 

~,tode 

orf 
;\nrn::tl !lllH](:, E:1('h :)S iIli('rc"~pc,. ('0J:!p:ne n:~/(O-9) 
\: .. itl1 ITTl~.:E((}-n). If thp\' ari~ cCju,jl. Cil!l..:e an 
111tPl'l'lipt on t1lP. cl)nl11H~l' ~]l("~l'ifiL'd by ITIBITS. 
S t c r (; 1 11 P (' i.l r r t~ 11 t ~ tnt c {) f t II (~ E 1 A i II 1 P r r a (' e i n 
ITql':\\, :llid ~I~t R3/(l'l.J~)) to zero. The ~tate of 
{lit' EL\ i'ltl-"lface is bit l~) of }(Il':ilioll EL\L(lC ill 
page III. This lJit is 0 if the line is spacing, 1 
i fit i s 1113 r kin g . 
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10 

11 

Same as 00 

Every 38 microsec., check the state of the EIA line. 
If the line is marking, do nothing. If the line is 
spacing. cause an interrupt on the channel specified 
by ITIBITS. Store the current \'alue of R37 in 
ITQUA~. and set R37(14.15) to zero. 

The intention is that a program which does EIA input can use mode 3 to 
monitor the line for the arrival of a character. and can then use mode 2 to 
time the center of each bit. By storing the state of the line, the 
interrupt latency can be as much as 1 bit time without errors. 

61010 
61011 
61012 
GI0:20 
GI0~1 

:3. 2 l~~_~~!l~ 

RDRM 
WTR~t 
,B'PR~' 
~WL 
DI \' 

See <8.4> 
See.<8.4> 
See <8.4> 

The emulator microcode implements an int.errupt structure which allows hnth 
liD devices and programs to interrupt the main progrUD. The interrupt 
!'y:::tf'In JHoyides 15 channels of Yocto}'(!d interrupts with adjustable 
priority. The interrupt sy::;ter.l U~tS one registl!f 1ii I~ (:~\\·~I". tH~;\ \\·.d~t.:up~ 
wa i tin g ). [Ill dan um be r 0 f fi xed j (Jl' a t ion sin p age 1: 

ACTIVE: 

WWLOC: 

reLCH' : 

This word contains I's for the Chnll11flJs which are 
currentlyac:ti\"e. The highest priority ('hanl\l~l is 
n s soc: i a l £! d wit h bit 15 , t h (l 1 0 v; (~ :-; tis ass 0 cia ted 
with hit 1. Bit 0 is nol u~ed. and should not be 
set by any program. 

This word contains bits for channels on which 
interrupts are pending. Bit 0 is· not used. 

During an interrupt. the PC is :"'HYed here. 

I:~T'd~r to 1::T\"E(,+1·1 fontnin...; poillters to t 11 e s f~ r'\ i r: t' r 0 tl t i 11 e s for t 11 e 
15 in T P r t'l.1 p t c 11 a 11 lW 1 s . 
tot h e h i ~ h ( .. ;;, 1 prj (I r it:; 
the 1:J s t l' 0 r l'(! S P IJ 11 d s t 0 
(bit 1). 

The r i r~; T \': II r d (' Co r r f~ s P [, 1"1 d s 
illrl)l'~'up: l'h,i'l!~!-;l (Ldt }.-)). 
t 11 e 11} \', (.' 5 t P r i (: r i ~ y c h :; illl H 1 

The rn .. :in Iuo]) of tllP ellluIntor riwck:-: :;\\\1: dlll'illg· thl! [(,H'h of c':lch f'muJ:ncd 
in~:ln:f't~l:n. If' \\\.\ j~ ~!reater tiWll zero. tiH! miCrr.lClllil' rc-::nHltr::-; (\~\~:; OH 
\',\\) .-\:-':!J :\CTIYE. If iIJi:;:;'qU:!l1tity i~ llunz~rlJ. un int(:rrupt is (,l.1us~~d. If 
Hut. ;<~n', Ol~ \',·i\ is ~tored in i\\L r~\':\\· i~ clean'd. and the illstruction is 
r (> ::- t :! r t I! d . 

1 f 1 1; f; i 11 t (: r r 11 p t i ~ C : Ill;' (' d . t 11 P IIi i (' r 0 (' (I des t u r e .'" t h t.' P r I I ~. t :!!:! C () 11 n t e r i n 
PCl.or. ~I~t~ hit 0 (If' \~.:\': to di~(\lde fllrther illtl..:1fUl't:-;. (·ll.'::!':; the bit in 
;\\'.;1, currl)~;:)II11dill!; to 1111! intcrrupt ClHLll!ll~l abollt to ()cC;'lr. :ll1d lO<.lds thE- PC 
\';1 th I"\"( I\TrE('+riL\\\EL). 

Intt:>rrilpi~ .:irl! ('i:U...;(!t! h~· OHil1~ ilito ~~\';~I: or illto \';\1:. I G <k,·jcp miercll'odc 
llsu.:tlly htl::: ~I d(;!dicl.1tcd location in \rhich the progrrlJll p ace:- a bit·\rord for 
the interrllpt(s) to be caused upon cOlllpletion of I/O :let Yity. 



ALTO: A PERSO~AL COMPUTER SYSTEM 
Charles P. Thacker and Edward M. McCreight Page 18 

Only one interrupt channel is permanently assigned: the highest priority 
channel (bit 0) is triggered when a main memory parity error IS detected. 

The interrupt system uses three instructions: 

DIR (61000) Disable interrupts: Sets bit 0 of NWW. Since I\WW is 
neg a t i \' e t the c h e c k mad eat the s tar t 0 f e \. e r yin s t r u c t ion w ill 
not process any new wakeup requests. 

EIR (61001) Enable interrupts: Clears bit 0 of NWW t and ORs WW into 
NWW to detect any interrupts which were requested (by ~Ring into 
WW) while interrupts were off. 

DRI (61002) Branch and return from interrupt: This instruction 
clears bit 0 of NWW, DRs WW into NWW, and restores PC from PCLOC. 

:3 . :) l I n r ~! ~\.ilJ:.f. 

There is a smull amount of special hardware which .is used exclusiYcly by 
~lll' elllullltnr. Thi~ hardware is controlled by the ta!'k spf!cifie F:2's. and 
by the --IJISP bus source. 

The lit register is used to hold the current instruction. It is loaded with 
IR'" (F~=1·1). lR .... also merges bus bits 0.5.6 and 7 into ~EXT. which does a 
fir s tie \' eli n s t r u c t ion d i :-; pat c h . The h i g h 0 l' d e r 0 its u f' lIt e a un u t bE: 
din ... ·ctly read. but th(~ di~pUlC..·(~lTIent fi£.dd uf' Ilt (S low order bits (sign 
extended)). may he read with the .... UISP bus source. 

Tht're t1}'e: two additiollUl F2's which assist in instruction docoding. The 
IDISP function (F2=15) dl1£!s a 16 wny dispnt('h und(~r control of a 25Gx-1 
pr~n\L Thp inpllt~ of the PIW\i an! bits 1-7 of IR ..... ;\SOrnCE (1'2=13) has two 
r 0 I e s . ltd a e s a 11 ins t r u (' t i 011 dis Jl ate h b a ~ e d (l n I IL and i t rep rae est h e 
t \\' 0 low 0 r d e r bit s 0 f the R s e I e c t fie 1 d wit h I R ( 1 , 2 ). a I 1 0 \\' i n g the 
emulator to address its accumulators (which are assigned to RO-R3). The 
dis p ,1 t c h don e de Jl end son I R ( 00 ): i fit i s f a 1 s e, I Rbi t s 1 - 7 d r i \' e 1 he PRO ~t 
IIlPlltioned nbo\'e. If IR(OO) is true. t.he shift field of IR (hits 8 alld H) 
is gated to ~EXT. TIll! 8th bit of the PI\o~l illput is F2(0:2) (to 
tliffl!\'('llt iate bet.ween IDISP alld +-.:\SOCRCE). 

F2=1:L ;\CDEST. C:IU!;q~~ bits :J and ~l of IR to be llsed as the lo\\' order two 
bits of the H:-iELECT field. Thi:, addresses tlw ~J(:('tl:r:u13tor~ from the 
destillntioll field of t1lt' insrructioll. Tlw ~ele('t~d register lI\ay he l(lnd{~d 
or l'(! i..l d . 

TJ:t' f!H1ulntnr has 1WO addil iunal bit~ of sUite. the SKIP [111(1 CAHHY fl ip 
fl(J:)~. C\I~EY i~ idcl1l i(',l1 to tIlt.! \()'.'[-j carr\' hit. and i~ ::l:t or (,}(~:1rt~d :lS 
<1i'lii'opri<lt!:, \dltl1 th(~ n\;.\~ (do \'i)\,:1 ~hift~) 'funct ion i::: f'xel'ut('d. P:':S al~o 
'Hidrt.':~~('~ H fl'lllll n:(;)-,l). ;~Il(l :-;e1~ the Sl\li' fl ip f 1(11' i r (IPPl'lIpriate. Thf~ 
1'(' i~ illC}'{'IliI'lltt!(l hy 1 at l11t~ ltl'~1nllillg flf the next cl,;ulated il\~truction if 
~}~ I 1) i s oS l~ t. 1I::' ill g .-\ IX F l:~. I Il- (' ll':1 r s S l\ I P . 

~: .. t (~ t lw r t lw fUll r t i fI l~ S \\' hie 11 
:1 l' 1'('(' t (lIll\' t1lt., sell'ctiul1 of H: 
t ht"' con!:' t :! ill HO~\L 

l'l!place the low hit~ of RSELE(,T with iR 
t h (' y d 0 1) 0 tar f e (' t tile a cl d ~. e s s !' U P P j i c tl t 0 

T1;(; t\'.o additional Pli1ulatnr ~p!!('ifiC' functioll~. Dl'snr>D and ~.L\(;lC. are n01 
pee 1I 1 i 11 r 1 U :\ 0 \' a e III u Ln i 0 il. but [l 1'£.' i n l' III de d for t 11 e i r g (-! 11 e r [1 Ius e f u 1 n e s s . 
B L S () D D IlW r g e s BUS ( 15 ) i n t 0 j\ EXT ( 0 ~)). n n d MAG lei sap p 1 i 8 din con j un c t ion 
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wit h L S Han d RS H to a I low do ubI e 1 eng t h s h i f t s . Its h i f t s the hi g h 0 r d e r 
bi t of T into the low order bi t of R on left shi fts, and shi fts the low 
order bit of T into the high order bit of R on right shifts. 

The STARTF function (Fl=17) is not associated with any s~ecial hardware. 
It is used by the SID instruction, and is to be used to defIne commands for 
(as yet unspecified) I/O hardware. 
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4.0 Display Controller 

4.1 Programming Characteristics: 

The display controller handles transfers between the main memory and the 
CRT. The CRT is a st.andard 875 line raster-scanned TV monitor. refreshed 
at GO fields per second from a bit map in main memory. The CRT contains 
GOG points horizontally, and 808 points \'ertically, or 489.648 points 
total. Thirty-eight 16 bit words are required to represent each scan line; 
30704 words are required to fill the screen. 

. Th e dis p I a y i s de fin e d by one arm are dis P I a ~ can t r alb I 0 c k sin m a i n 
memory. Control blocks are linked together startlng at locatlon DASTART in 
page 1, and have the following format: . 

DASTART: Pointer to first DCB word 0. or 0 if display is off. All 
D (' B S In U S t s tar ton g n: n \\ (J r d b 0 U 11 d.:1 r i e s . 

D.\STAHT+l: \'ertiral field interupt bit mask. 

PCB \\ord 0: Pointer to next nCR. or 0 if this is the last. 
il C B \\ 0 r d 1: U i t 0: 0 = 11 i g 11 r E' sol uti n nino d e 

Bit 

Bit 5 

Bits 

DeB word 2: SA: 

DCB word 3: SLC: 

1=10',\' resolutiun mode 
1: 0=black on white background presentation 

1 = \',' hit eon b I a c. k h a (' kg r 0 u 11 d 
2-7:BTAB: On eaLh scan line of this Lluck. wait 

lIT :\ Ii * Il) lJ its lH! for e dis pIa yin g . 
information from mClIlory. 

S-}6:r\WRDS: Each scan I ine in this block 
is defined bv N\\'nDS IG bit 
w u r d s . ( 0: \\" It b S 11111 S t bee \' ell) . 
Ui t map start ing "ddress (T11i s 
address must be even) 
This block defines 2·SLC scan lines, 
SLC in each field. ' 

At liw ~lart of (:[l.ch fiel~, the displa~' controller il!~ppet::: J)AST:\HT and 
1).\ST'-\1:T+l. ~\ll interrupt l~ illitiated 011 tilt: chailllci ::::p"'C'iri(~d h~' the 
bit(;..;) in P,\ST:\HT+l. The ('(lIl!l'(I110r t!l(!n (,Xl:t'utt:!!' l~~I('h Uti} ~('ql1plltially 
Illltl1'tlle disl'l;I~' li~t or thp field clld~. At Ilorma) l'{!~Ll}llti':oJl. lhe first 
--('.111 lint· of till! fir~t (fJ\,en) field (d' (j 1J1()\'l~ i:: t:lli.(~llrl(li!l iIH',ltil;j} S:\ to 
S.\.+:.\'.T!i~-l. th(; fir~t ~ran lille of the odd fil!ld if-; ta}:t'll froill lo('ation~ 
~;\+\:':l:I\S to ~:\+:2*:~\I,·J:;JS-). Durin?: each field. thv hit II:IP ,1(.!drE-'3s is 
illCl"fIH!:!1tf'd by \\·,In.l=-' 1l(·t\H!C!·l e:lch ~(':'li lilH'. Thlls. :!!thotir:!J li!(· <ii:-:llioy is 
illlt'rL·ct'd. il:-: reprp~f'IlLlli(jll ill !~H:i:!()r~' i ... not, III 1(1'\ no I,1111iol1 Illude, 
tl:f' \"iIiP(' is L:l'neratf~d :11 lwlf :,p'-'l·d. ::11(; :';H:h !,,(';"tll I illl: i:-: .. 1 ";j1i:lycd 1wice 
~(Ill('(: in (';lcl1 fil:ld). During er'ch fil~ld. tllf~ bit I!!:'P i1tdrp~~;; is l~ot 
il~('}"(~I!:i'lllf:d hptW('('ll the displa~' of :td.i:tr(~llt :'C.Jll lill(~!'. Tli~ IllU~~t?S lhe 
rL)l":i;;~l of t}J(~ hit I!l~;jl in Ill(·jnllry idE::!lTic(ll 10r both !iitldl'~--()11 Y T!lC size of 
t!1(> }ll'i':>l·nt:lti('11 is ~Ifip('tt'd by the lilud{!. 
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4.2 Hardware 

The display controller consists of a sync generator, a data buffer and 
serializing shift register, and three microcode tasks which control data 
handling and communicate with the Alto program. The hardware is shown in 
block form in Figure 3. The 16 word buffer is loaded from the Alto bus 
with the DDR~ functi6n (F2=10, specific to the display word task O~T). The 
purpose of the intermedlate buffer is to synchronize data transfers 6etween 
the main buffer, which is synchronous with the 170ns. master clock, and the 
shift register, ,which is clocked with an asynchronous bit clock. The sync 
generator provides this clock and the vertical horizontal synchronization 
signals required by the monitor. 

The bit clock is disabled by vertical and horizontal blanking. and its rate 
can be set by the microcode to either 50 or 100 us. by the function SETMODE 
(F2=11. specific to the di~play horizontal task DIIT). This function 
e x ami IH! S t 11 e t\\'o h i g- h 0 r de r bit::; 0 f 1 h e J H () (' e ~ ~ 0 r L 1I S • I f hit 0 = 1. the bit 
(' 1 (l C k rat t..: i ~ !' e t t" 1 0 0 n ~ p (! r i n d (a ttl w s tar t 0 f the 11 ext :-; (' a 11 I i 11(' ). and 
it 1 i:-) IIwrg(!d into ~EXT(H). SE'DtuOE also latches hit I of the prucessor 
bus and use s t II e \. a I U e t 0 con t r 0 1 the pol a r i t y 0 f the \" ide 0 0 u t put . A 
third fUlll't ion. EYE\FIELD (F2=10. specific to DIIT and to the display 
yertical la~k DYT). nwrg(~~ u 1 intu ~EXT P)) if the c.ii::,play is in the e\"en 
field. 

The display control hardware also ~eneratcs wnkeup requests tc the 
Gli c r 0 pro C l! S ::; 0 r t a:.: kin g 11 n r d war e . l' he \. e r tic a 1 t (i ~ k D \" T i 5 n VI' i.l ken ~ dOll c e 
(H! r f i Ed d. a t tilt! h l' g- inn i n g 0 f vert i cal r e 1 rae e . The d i !" P lay II 0 r i Z 0 n t n 1 
t a ~ k i sa\\" a k (! Ill' d [Ill C eat t he b l' ~ i n 11 i 11 g u f e a c h fie I d . a 11 d t he l' (! art e r 
w hen e \' e' r t 1)(., d i ~ r 1 a~' \\" 0 r d t ask b 1 0 (' I\. S . 1> Il T c (\ n b 1 0 c kit s elf. i 11 \\' hie 11 cas e 
n e i ti: e r i t 11 0 r the W (J r d t a ~ k can be a \\ ;l k ell e d Ul: til the s tar t () f t 11 e n ext 
field. The \\"nknup reqne!'t for the display word task (DWT) is controlled 1>y 
the statf~ of the )G w(lrd buffer. If D\~T has not ex('('uted a BLOCK. if DIIT 
i S 11 0 t b) 0 c ked, n nei i f the b u f fer i s not f u I 1, OWT wa k e ups are f{ e 11 era ted. 
The hardware sets the buffer empty and clears the OWl' block flIp-flop at 
the beginning of horizontal retrace for every scan line. 
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4.3 Display Controller Microcode 

The display controller microcode is divided into three tasks. The highest 
priority task is DVT, the display vertical task, the next is DHT, the 
horizontal task, and the third is DWT. The display controller uses 6 
registers in R: 

eBA holds the address of the currently active DCB+I 
AECL holds the address of the end of the currently active scan 

line's bit map in main memory 
SLC holds the number of scan lines remaining in the currently 

active DCB 
HTAB holds the number of tab words remaining on the current scan 

line 
DWA holds the address of the bit map doubleword currently being 

fetched for transmission to the hardware buffer. 
~tTE~IP is a temporary cell. 

TIlP "('rtienl tn~k initializes the controllf'r hy '::'Potting SLC to 0 and CDA to 
)).-\STAlff+1. It also merges the cOlltellts of D.-\S'L\RT+I into f\\\\\'. which will 
cause an interrupt if the specified channel is active. DVT also sets up 
i Jl f f) rill: I t ion r e qui red fur the r. 11 r s 0 r (s (. e bel 0 \\'). T'-\ S K s n IH1 l> C (' (I m e sin act i v e 
unt i 1 the next field. 

DiiT starts by initiating a fetch to the word addressed by ellA. It checks 
SLC. and if it is zero. the cuntroller is finished with the current DCB. 
and lltn link word of the DCll is fG~clH!d. If this wurd is non-z(!ro. it 
f(!place~ t'BA and processing or a new block is b(~g'\ln. If t.he link word is 
zero. WIT blocks until the start of the next field. 

If the check of SLC indicates that more scan I inps remain ill thp current 
DeB. SLC is decremented by one and the fetch of (CHA) is us£!d to obtain the 
s(,cond word of the DCB. rather thun tIll! link word. TIl(! f'llll11:l1ts of this 
word are used to set the display mode and polarity, and the tab count is 
extracted a11(1 put into HTAB. N\\'HDS is extracted. and used to increment DWA 
and AECL by the appropriate amount, depending on the 1110de and field. All 
the reg-isters required hy DWT h3\"e now been set up. and DIIT TASKs and 
b (! C 0 r:t psi 11 a c 1. i \' e un t. i 1 O\\'T b 1 0 C k s . 

If a IE'\',' DeB is rl'quirl!d. DIlT feTrhe~ all four words of the new DeB. alld 
i Il i tin 1 i z (: .' II 1 I t 11 e r (! ~ i ::; t (' r s . D 1I r i 11~! a 1 1st' anI i Il C S 0 f n D (' B ex (' (? P t t ]H.~ 
fir:;;t. LlllT only acc'css£.'s the first dUllblcword uf tIll! block. 

IWiT h~!;:.; the sale ta~k of trlln~ff\rring \\'onb frum IJ]pm0ry 1(i thp lwrd\\'nre. 
\\·ht·n it fir~t It'.\(!I\ell~ durin!! },(JrizIJnt:l1 l'etr;l('(!. it (']1('('1\<:; lIT,\13. If it is 
11(1Il-Zpro. i'1 (,lltcr~~ a loop ;':hiril ("111.1111::' liTH; (1's 1.(. 11!C di:;;pL1Y, \fhen 
IIT:\D if. Zf!f'('. 11 ~Cl'(Jlld ICI(.1)) i:; l·lllt.rl~d \\'hl"h fl'lt"ht~~: :! dnuhl'~i·,'ord frolT! the 
l(lc:l~:rln :'l'(!('ifit:d b~' lJiL\: lHL\ i~ ('\II1!j)al"{,d \ri:l1 .\EeL. a::d if they are 
Pilu:I.1. lW:T bl{)l'k~ t111til the next :,\':L1l line. 1.1\',':\ is iIlCl'(i1ii.'ntl~rl 1,,\, 2. in 
Pl:cIJ;lr:it ion fiJI' till' fetch of t1l£: Ilnxt d()uld(;\\urcl. If' [I;',:\;:!AE(·L. nWT 
con1 illllc~ to ~!lpply \';ords to tlll: bt1fft~r \\·hf."ll(:\,er it hCCOl!IPS nOil-full. 

,I , ·1 Cur ~ (, r . __ ._---

B!!r;lll:::( o;~ the diffi('ult~· of i))::;('l't jnf~ [! cur.'3or at the ;lppropriilte place in 
tl:··, di~!,J;1:: llit m:q.l at l'l~;·iS(\l1;tl.jl! ~Jll'L'IL n 111lrci·.·.·~lre CUl'.--Ol' i~ l!lcluclc:r1 ill 
tltf' ,\liu.· The cur::;or c(Jn::dst~ of ;\:1 :1~'1'itr~1),Y li'i:d() hit jwtch. irhieh is 
liH:q':;'I! ',',ill1 111(: \'i(kt:' [it rllt ;'1lj.ll'(l·)!·illtC iil::I:. TIl!' bit li!',!' fut tllP ('ursor 
i~ cOli1nilled ill IG.\'.'ortis sturtilig- : 1 lClcalioll tTh~.!:\P ill p:1~e 1. l!lHI the x.y 
coordinates of the ('ursor :11'(; spec fied by I')cntion CliIH.OC :lIHI nmLOr+l in 
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page 1. The coordinate origin for the cursor is the upper left hand corner 
of the screen. The cursor presentation is unaffected by changes in display 
resolution. Its polarity is that of the current DCB, or the last DCB 
processed if it is located on an area of the screen not defined by a DCB, 
The cursor may be removed from view in a number of ways. The most 
efficient in terms of processing time is to set the x coordinate to -1. 

The cursor hardware consists of a 16 bit shift register which holds the 
information to be displayed on the current scan line, and a-counter which 
is incremented by the bit clock, and determines the x coordinate at which 
the shift register begins shifting. 

The hardware is loaded during horizontal retrace by the cursor task 
microcode, which simply copies the x coordinate and bit map segment from 
the R memory into the hardware. 

The \'alul!s of x and the hit m:-Ip are set up in R by a section of the mr!mory 
l'f'fl'l'::dl u,:::k. ,\llo~e wal\(~t1p alld priority are arran~E:d!-'o that it rllllS during' 
e\'ery .--call 1 iii£: after lJ\\'T has done all neres~ary output and DIIT has set up 
the informat iOll requi red by D\VT for the next scan line. ~lRT checks the 
(' 11 r }"(~ III Y P () sit i () 11 0 f t h l! d i ~ p I a y. and i fit. i s i 11 the r a 11 g e i n w h i r h The 
CIlI'!--or ~tl()uld be displaYl·u. fetcht's the appropriate bit IIlap ~eglllPl1t from 
Cl"lt~\1.\l'. \\hr-:n the cursor y position is excl'l!ded by the di~plny. a flag is 
~et in .\WT to disable further processing. The x and y courdinates of the 
cursor are fetched from ('liRLOC and CCRLOC+I at the beginning of each 
di~pluy field by a scctiiJ!i of the di~play vertical ta~k microcode .. 

Cursor proce:-;sing is distributed as it. is to minimize the amount of 
procC'::;:-;in{! which must be done during the lTlonitor'~ horizontal retrace ~ ime. 
T his t i HI e i sap JI r 0 x i III ate I y (i m i r r n ~ (! c. and i t III U ::; tin r Iud e t 11 (! \\" n r s t r a s e 
latenr.~.; impo~ed by tasks [\t lower priority than the display. plus the worst 
C:I:::(' di~k \H,rd proeessing time (the disk word tn~k is at hi{;her priority 
than the di~pla:-,·). plus the time necessary for DWT to partially fill the 
display buffer. plus cursor processing time. 
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°5 t.f ,:r:(U' 
V 

Bit Word KBDAD 

0 5 
1 4 
2 6 
3 E 
4 7 
5 D 
6 U 
7 V 
8 O(zero) 
H l\ 
10 
11 P 
I:! / 
1 :3 \ 
14 LF 
15 BS 

(' ':J -::ro ~ r-. 
(~ i -:;-]05& . (r::;-03~ 

Word KBDA~ord K13D.~'word KBDAD+3 

3 
2 
W 
Q 
s 
A 
9 
I 
X 
o 
L . 
If 

1· R 
ESC T 
TAB G 
F Y 
CTRL H 
C 8 
J N 
B M 
Z 1.. LOrK 
~ II I FT ( I eft ) ... S f' :\ C E 
. ~[ 
AETUR~ OL~ . FT . 
~ J/ ~~~~ 

DEL '-f 
xxx 
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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 177000-177777B. The standard peripherals are 
described here and in Appendix C, which describes each word In detail. 

5.1 Ke\'board 

The Alto keyboard contains 61 keys. It appears to the program as four 16 
bit words in 4 adjacent locatIons starting at KBDAD. Depressed keys 
correspond to 0's in memory, idle keys correspond to l's. Figure 4 is a 
layout of the keyboard, showing the key tops and the word number, bit number 
corresponding to each key. 

5.2 Mouse 

The m 0 use i s a han <1- he I d poi Il tin g de \' ice \\' hie h ron t [l i n ~ t \\' a en rod e r s \\' hie 11 
digitize it~ p(l~ition a~ it i~ rolled over 11 table-top. It al~o has three 
but ton s \\" 11 i c 11 III a y b ere a d a s t h r e (! bit S 0 f a me rn 0 r y I (J cat i 011. i nth e man n e. r 
of the keyboard. 

Thp. mouse co()rdinrlte~ are maintained bv the ~mT microcode in lo(,ations 
~toCSELOC (x) and WH~SELOC+l (y) in page f. These coordinates are relat h·e. 
i.e., the hardware only increments and decrements them. The resolution of 
the mou~e is npproximntely 100 point~ per inch. 

5.3 li~~~ 

The standard Alto includf!s n five-finger keyset which is presentcd to the 
program as 5 bi ts of i.l memory locnt ion, simi lar to the keyboard. 

5 . ·1 Din b lor r i n.!~ 

The Alto includes an interface to a Diablo HyType printor. The printer 
uses a port ion of one memory locat ion to report s.tntus. and nnother 
location into which the Alto pro~ram can store to send !'ignals to the 
printer. \'one of the timing signa)::; requirt:d b~' the printer are g-cnernted 
alIt () ITl a t i (' a 1 I y - - : t1 1 In U ~ t b (! p r n g r :1111 g Pile I' a t (' d . For de t a i led i n for 1II11 t ion 0 n 
t 11 e p r i lll(~ r . refer 1 (I the D i au 1 U III J 11 U a 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 models 3i and 44. Each drh'e accommodates one or 
two disks. Each disk has two heads, one per side. Information is recorded 
on each disk in a 12-sector format on each of up to 408 (depending on the 
disk model) radial track positions. Thus, each disk contains up t.o 9792 
recording" positions (2 heads x 12 sectors x 408 track positions). Figure G 
tabulates various useful information about the performance of the disk 
drives. 

The disk controller records three independent data blocks in each recording 
position. The first is two words long, and is intended to include the 
address of the recording position. This block is called the Header block. 
The second block is eight words long, and is called the Label block-:----rne 
third block is 25G words long. and is the Data block. E3c11bJocK-mny be 
i Il<!(!J)(·ndell t I y read. wr itt en. or checked. ex"re-jit l1l:it- wr i t i ng. Ollce begun. 

III tI !' t ("' (lilt i 11 tI e u n til t h l! l! Il d () f t lw d a t:3 b 1 0 c k . 

When a block is checked. information on the disk is compared wor,d for word 
with a ~pel'ifil~cl block of main memory. During chec·kin!.!". a main tn(!llInry word 
cont.aining 0 Jw:,- SIl(~('ial ::::ignific:1nce. \\iWll tid!" word is l!IH'olllltered. the 
mat.ching \H)rd rc!ad from 1.he di~k is stored in its place and does 110t t:3ke 
part in lite check. This feature permits a combilHition of reading and 
checking to O~CllJ' in t.he salllc block. (It also has the drnwb:lck of making 
it impo::;::;ible to use the di5k controller to check for h'ords cOiitainlng 0 on 
the dislc) 

The Alto proJ!,ram communic:3tes with the disk controller yill a four-word 
block of 1II.:l11l m(!lIIory beginning- at locat ion KULK. The fi rst word in 
interpreted a~ n pointer to n chain of disk command hlocks, If it containR 
O. the dh:k ('ontroller will remain idle. OtiIerwi!'l'. the di::;k controller 
will COIIIln(!IlCe execution of the commnnd contailwd in the first disk command 
block. When a command is completed succcssfully. the disk controller 
stores in KBLK a pointer to the next commnnd in the chain and the cycle 
repeats. If a cOJ!\l!wnd terminate~ in error, a 0 is immedintely stored in 
KULK and the disk controllcr idles. At the bCf.:!'inning of £!ach sector, 
~tatlls informal iOll. includillg the llulIIlJer of the ('urn'nt sector. is stored 
ill J':Bl.l':+l. This Cilll bl! u!"cd b~· tb" ~\lto prot;ralll to ~t'l1St: the readinc~;, of 
The d i !~ k a 11 d : () !' C h (: d II ! (~ dis 1: t r:l JI :d e r s . r () r f: X : t ::: 1 J1 I~ • \\'I! e n t 11 e d i.3 k 
cOIltr(,JI(!1' bp~:ins (':-:('rtltil1~ a (,(!!l!!:il!!ld. it ~~tnr('~ tlw ·di~k address of Ihat 
cOlllmand ill J\r;'u\.+~. Thi!" i'nfol'!rwtiolJ i:-; lat~r u~('c1 b'; the di::-k ('ur:trnller 
T 0 de (' j d t,' \\ h L' t 11<' r ~ l' l! k lltH! r:J t i 011 ::: 0 l' dis k ~ \d t (' II e !" :\;, P n e (' e :;; !" ill' \" . I tea 11 
I.w t1~f!dh~· 11](~ ;\ltn 11fl):.,iralJl for ~("hpdllljn~', cli~J\ ltl'lli mOTioll. If' thf' Alto 
THI,g-l':I!1I 5torp8 nil ilh'f,:al di:d: [ldd!"I,'~~ (ji~:(' -I) i!1 this w(lrd. the nisk 
('(1111 red IeI' ~y.i U perform a ~t'ek ilt i!H~ L't:~lll!lillg IIi t11·,: I!C'Xl di=-k operal ion. 
(This i~ 1I~('Tu1. for CX:I!1Iplt!. \· .. hf-:1 t110 opcl':l!inr, ~:;~, rill ',\':1111:; to forc(~ a 
rt·:-::torr (lpprat iOI1.) The di:-:;J.. cOl1troll(!r al~{J enlll::UI1 ('ates ,,'jth tlu? :\lto 
pl"ognilll by illt'-'rrupt~ (=-,I!C ~(!ctil)ll ::.:2). :\t tIlt! bf'~ lJllill~' of' (!a('1t :"l!('tor 
i 11 t l! r r tl p t S <1 rei 11 i t i ate d () nth e (' b :,: n n (' Is:; p e (' i f i (. d lJ ~; 11 e bit s i 11 K 13 U\ +:3 . 
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KBLK: 

KBLK+I: 

KBLK+2: 

KBLK+3: 

Pointer to first disk command block 

Status at beginning of 
current sector 

Disk address of most­
recently started disk command 

Sector interrupt bit mask 
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Device 
Number of drives/Alto 
Number of packs 

Number of cylinders 
Tracks/cylinder/pack 
Sectors per track 
Words per sector 

Data words/track 
Sectors/pack 

Rotation time 
Seek time (approx.) 

min-a\"g-max 
AYcr:lgc uccess to 1 

megabyte 

Tran~fer rate: 
pea k/ a \'g 
pea k/ a \"(~ 
per sector 
for full display 
fOI hig mcmlJry 
\\"110 1 e d r i \" e 

Diablo 31 
1 or 2 

1 removable 

203 
2 
12 
2 header 
8 label 

256 data 
3072 
4872 

40 
15+8.G*sqrt(dt) 
1ii-70-135 

80 

1.G/1.22 
10.2/13 
3.3 
.·1 GO 
1.03 
IH.a 

Figure 6 

Diablo 44 
1 
1 removable 
1 fixed 

406 
same 
same 
same 

3072 
9744 

25 
8+3*sqrt(dt) 
8-30-68 
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ms 
ms 
IllS 

32 (using both parks) ms 

2.5/1.9 
G.7/8. 
2.1 
.266 
.6 
4 ,1 ( lJ 0 t 11 p a e k oS ) 

~.mz 
ns/word 

ms 
sec 
sec 
sec 
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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 complete, 
the disk controller stores its status in the second 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 wi II be transferred. The fifth word contains a simi lar 
pointer for the label block. The sixth word contains a similar pointer for 
the data block. 

The seventh and eighth words of the disk command block control the 
i nit i a t ion 0 fin t err up t s w hen the co mm and b 1 0 c k i s fin ish e d . 1ft he 
command terminates without error, interrupts are initiated on the channels 
specified by the bilf' in DCB+G. Howe\'er. if the command terminates with an 
error, the bits in DCB+7 ar(~ used instead. 

The ninth word is unused by the disk cont.roller. and may be used by the 
ALTO program to facilitat~ chained disk operations. The ~enth word 
contains the di~k addre~s at which the current operation is to take place. 

DeB: 

DeB+l: 
))('fh'2 : 
D(,B+a: 
DCB+4: 
Dt'l:.)+f, : 
DCB+6: 
D(,B+7: 
DCB+10: 
DCB+11 : 

Pointer to next 
command block 
Status 
COlllllland 
H {! a de r b 1 0 c k p t r 
Label block ptr 
Data ptr 
Command complete no-error interrupt bit mask 
Command complete error interrupt bit mask 
Currently unused 
Disk address 

A disk adrlress word A contains the following fields: 

Field 
-:\·rO·::·" ] •• .j 

A[ ·1-] 2J 

A[13] 

A[I-1] 

:\[15J 

0-·; 0;) D for \1 (Hi e 1 -1·1 
O-~O:2J) for ~Iode 1 31 

0-1 

0-1 for '''Hie I -1·1 
a for ~'CJclel 31 

0-1 

S Lgni f ieance 
S·ec turllurn15e r 

Track number 

Henrl number 

Disk number (~ce 31~o ('[1:11) 
(0 i s r e iii 0 \. a b 1 epa c k 011 'Il) del ..t ,1 ) 

o normal 1...,.. if track 0 is to be 
nddccs::-:('d - yin a h~lrdwarp "r(!store" 
uperat i011. 

A disk command word C contains the following' fields: 
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Field 

C[0-7] 

Range 

110 

C[S-9] 0-3 

C[ 10-11] 0-3 

C[12-13] 0-3 

C[14] 0-1 

C[15] 0-1 

Significance 

Checked to verify that this is a valid 
disk command 

0 if Header block read 
I if Jleader block to be checked 
2 or 3 if Header block ·to be written 

0 if Label block to be read 
I if Label block to be checked 
2 or 3 if Label block to be written 

0 if Data block to be read 
I if Data block to be checked 
2 or 3 i f Data block to be written 

o normally 
1 if the command is to termillate 
immediately after the correct track 
position is r(~ach(~d (before any data 
is tfeJllsferred) 

XOR'ed with A[l-t] to yield hardware 
disk number 

A disk status word S has the following fields: 

Field Inlue~ 

S[O-~] 0-11 D 

S[4-7] 17 

S[8] O-} 

SED] o-} 
S[10J 0-1 

s [ I 1 ] 0-) 

8[12J o-} 

S[ 1:3J 0-1 

S [ l·t - 1;) ] 0-3 

Significance 

Current sector number 

(One can tell whether status has been 
stored by setting" this field init.ially 
to 0 and then checking for non-zero). 

I means ~ep.k failed. possibly due to 
illegal track address. 

means seek in progress 

means disk unit not ready 

III (> a n ~ d n 1 a (I r ~ (' r t n r r r 0 (' e ~ sin g W'l S 
lal(~ during the la~t ~eClor. L1atn :1nd 
current ~ector llumber unreliable. 

means di~k interface was not 
tl';lln.;f(;rring data lil!'t sector 

I n~(".~:dl:' checksulIl lrror. 
t'llil1l::;tild aIlu.· .. (,d to proceed. 

o n:c:ms COllllli31Hi COIrpl ("t cd eorrec.t 1:.-
1 IlW:'1I1 S 11 n rch~' are l! r r 0 r (s e e S [ 8 - 1 I ] ) 
or 8('c.tor overflow. 
!2 I!W,tn~ clwrk error. COOimand 
termillated instantly. 
3 means disk command specified illegal 
sector. 
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Several clever programming tricks have been suggested to drive the disk 
controller. For an initial program load, KBLK should be set to point to a 
disk command block representing a read into location STRT. Before setting 
KBLK, the Alto program should put a JMP STRT instruction in STRT; afterward 
it should jump to STRT. 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. 

Another trick is to chain disk reads through their label blocks. That is, 
the I abe I b I 0 c k for sec tor nco n t a ins par t 0 f the dis k co mm a Il d b I 0 c k for 
reading sector n+l, and so on. 

Disk Controller Implementation 

The disk controller consists of a modest amount of hardware and two 
m i c r 0 (' 0 d eta s k s (t h e sec tor t n ~ k and the W 0 r d t a ~ k ) . r n 11II1Il! 11 i cat ion wit h 
the (' IT p r () ~ r a III is\" i ufo u r ~ pt· t: i (\ I m a j nine III 0 r y\\'o r d ~ ( 1\ 13 L 1\ t (, K IH .. I\ +:) and 
disk COll1m<lno blocks. as described earlier. 

ThE! sector task is n\\'akl~lH!d by a s(~ctor ~ig-nal from th(> disk. When 
a \Hl\\ e IH: d . its t U r£! .~ the s tat us cd' the dis k all d COlI t r 0 I I e r i nth e s p e (' i a I 
di~k :=-tatu5 word (KBLK+I). In addition. if tid::; S(!('t(J}' signal terminates a 
disk cummand (for example, a d4ita transfer during the pre\'lOUS sector), the 
status of the disk and controller nre stored in the status word of the disk 
command lJll.1ck containing' the 1enlinnied cOiilliiand. clilU lli~ (OlilmallU block 
JloiJlt(~r (KBLK) is ad\'anceu. If n cnl1lmund wns terminated with n11 errOl'. 
1\131.1\ (1)('13 Jlointer) i~ set to 0 a\ld I\BLK+:Z (current disk address) is set to 
-1. The effeCT of this is to cause the di:--;k (·o111roller. to abandon the 
e u r r en t d i ~ k e 0 mm and c h a i 11 and t 0 for get w her e the dis k a r:l; i gpO sit ion e d . 

Next. the sector task considers the first command on the disk command block 
elwin (by using KHLI\). If t.here is none, or if the disk unit is not ready 
to accept a command. the sector t nsk goes to sleep unt i I the next sector 
pulse. Otherwise. the sector specified in the new cOll1mand is verified to 
be less t11nn 13 decimnl. Then. the disk and cylinder specified in the new 
commanrt are compnrf:d with thoH~ stored in I\BLI\+:Z (current disk address). 
and 111<:'11 the 11('\\ disk address is storc~d in KlfLK+~ and in the disk 
cUlltruller hard .. rare. Part of the: lWW {,OIIll!I:lllU is i11s'_1 stored in the 
h ~I r d IV ; t r e , 1ft 11 e c f1 r:l par i f, 0 !1 i sun e q II i tl. n ::- e e k i sin i t i ate dan d the sec tor 
tn::-k g-()e~ to sleep until the next sector pulse. 

If tIl(' l'Clmpari;,:ull \\"a~ eq'lal. the SEEI~(IK hard· .... are flag- is lested. lf that. 
i:, 01\. tlWll t;if> Il()-lran=--('(~l' bit oj th(' eli::;!\. ('OIIIII1i1nd (bi1 l·t of the comm:lllCi 

\'''01'<1· of thE current c1i~d: l~()1'1Ll::l1d hlorl\.) i~ tp:-:-;tcd to ~:l!>:' ·•• .. hetlwr a data 
t r illl ~ f t' r i ~ 1'(\ q II ire cl . I f n f) t. 1 h n :' (~ r t () r t a ~ J.. ~ a e s lOS] c e p s u c 11 t h:11 1 11 e 
('(Iilillland will tt;f!liillilte at lilt 111'.=-:1 ~:cctor plll~(!. If a (:~tTa tr;m::;f't~r is 
requirl'd. tlw spet·ifi('.d ~C:Cl(lr nU:;lher ilnd the C'urrt:llt disk ~e('tol' llumbl?r 
are cnlr.p:ll'l!li. If til1C'1ual. tl:e S!!(·tor ta~k go('~ to ::;i~!('p until the !If'.Xt 
:'t't'tor i.':ll:'l~. If SI.:Cinl' l1U!i;LCf~ :.Ire equal. <i\\';lkf~ninI2: of the word ta~k is 
I~n;d>ll'ct and tlu: ~('l'lrJr til.:.:!\. ~(Jl'~ to slt~Cp :-:.uch that the ('1)1i1::WtlU will 
tl!ri;:iH~lil! at. the lil.:X: SLctOl' PUl::;(!. 

The ''';(It'd .t:!sk tli':akcns · ... hen a '.·,ort} hns been proresseci b~' t11'':- di~k controller 
h0r!l".:1re :1oel tl1(\ \\ord tn:-;k h:l:' t'cen l!ll;lb!<:d b\' thE' ~\.!rt(lr t(lsk. First. n 
:--tartll:p: dl!la~' i~ ('umputed. b:;~pd on \\'lwtl!(;l' 'the current I'ecorci is to he 
reid or ·,n'it1f:I1. Sc:cOl!d. ('I.I!111\.11 is di~IJatched h;!Sl!d on the Cill'l'(.jllt recurd 
11 U III b e r . :\ r e c' 0 r dIe n g t h 11 11 d III a i n iII e Illl)l' Y ~ t n r t i 11 gad d l' € ::: s are COlli put e d 
bused on the record number. In addition. special ~tar·iing del[lYs are 
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computed for record number O. The disk unit is set into the delay mode 
appropriate for the operation (read/write) and the word task goes to sleep 
the appropriate number of times. 

Then a sync word is written (if writing) or awaited (if reading). Finally 
the main transfer loop is entered. Here the word rount is decremented. a 
me mar y of era t ion iss t n r ted. and con t r 0 1 i s dis pat c he don the t ran s fer 
type. I 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 O. 
If non-zero, the disk and memory words are compared. An unequal compare 
here terminates this sector's operation with an error 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. Due to 
the ALU functions available, the main transfer loop moves in sequence from 
high to low main memory addresses. 

Aft e r t 11 e w 0 r d (' 0 U11 t r e n r h e sO. t 11 e r h e (' k ~ \l m i !' \\" r itt en 0 r (' 11 e eke d . A 
c h (, e k ~ lllll err 1I r \\' ill ben 0 t l~ d i 11 the s tat u :;; w 0 rd. h n t wi] 1 not tt: r m i 11 ate 
this ~<.~ctor's operation. A finishing delay is l'lIl11jHltl:d. ba~(!d 011 the 
current operation, the disk unit is set into a delay moue appropriate to 
t ) i e () I H: rat i () Il. a 11 d the del a~' h [l P pen ~ . Fin all y. a I I d i ~ k t rail ~ fer ~ are shu t 
off. tht record nUiIluer ·is illCrE!lIlel1ted. and control returns to the bt:'ginning 
of the word task, 

To acc.ompli~h all this, the disk controller hardware communicates with the 
ill i c r 0 pro c e 5 S 0 r i n f u u r way s : fir st. by t ask wa k e ups i g n a I s f u [ t h ~ S t~ C tor 
all d \\ () 1'd t a::-; k ~: s e l' 0 n d. lJ \' f h' e t n ~ k - S tJ e c i fie f U 11 C t ion :2' s \\" h i chili 0 d i r v the 
n ext In i (' r 0 i 11 !" t rue t i (l11 add i' e ~ s: t 11 i rd. Ly s e \' e n t ask - ~ pC! (' i f i (' fUll r. t i (j 11 s· 1 ' s . 
four of which acti\'itate bu~ de~tini.ltion registers. nnd the remaining t.hree 
of which proviue us(!ful pulses: nnd fourth. by t\\'o bus suurces. The 
following tables describe the effects of these. 

FI Value Name 

17 KDATA+-

16 

15 K(O~t+-

Effect 

The KDATA+- register is loaded from BUS(O­
]5). This register is the data output 
rCC1'ister to th(~ disk. and is also used to 
ho~d the disk address during I\,-\DI{+- and 
s(~ek l'olJ!mands, \\"llen u~p.d as a disk 
nddrrss it lws' the fOfmat of word :\ on 
page ~9. 

Tili~ causes the K:\[JR+- rqrister to 
loarled frol'.l lWS(~-]-cl),' This regist'_~r 
tlJf~ format of \,;urcl ron piJ).(C' :'>U. 

be 
has 

In 
lJ i t addition. it C\lli~I':-: ilH~ ht-jad address 

tab e loa d e d fro ill }\ ]):\ T A -- ( I 3 ) . 

Thi~ ('l:luses the l\(,O~f ... re~i:::ter to be 
l(lild(~d from BrS( 1-;,)}, The hC{)~.! ..... register 
has the folloi\"in~ ill:(:rpn'tation: 

( 1) XFEIWFF 

(2) \\"Dlr\IIIB 

(3) BCLKSRC 

=1 illhibjt~ data 
tr~n~H:issi(jn to/from the 
disk. 
=1 prt-vents the di~l: word 
t ~ s k f:' U!II a \\,11 1\ (~n i n g , 
= I lIlt:! [-. n s t a k e bit 'c 1 0 c k fro m 
disk input or cr~rst.n 1 clock, 
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14 CLRSTAT 

13 INCRECNO 

12 KSTAT~ 

1 1 STROBE 

F2 Value Name 

10 INIT 

1 1 Rwe 

12 REC~~O 

13 XFRDAT 

14 S\\,R:\ltDY 

15 NFER 

16 STRono:\ 

(4) WFFO 

(5) SENDADR 

as appropriate. =0 forces 
use of crystal clock. 
=0 holds the disk bit 
counter at -1 unt i 1 a I-bi t 
is read. =1 allows the bit 
counter to proceed normally. 
=1 causes KDATA~(4-12) and 
KDATA~(15) to be transmitted 
to dISk unit as seek 
address. =0 inhibits such 
transmission. 

Causes all error latches in disk 
controller hardware to reset. 

Ad\'ances the shift registers holding the 
l\:\DR~ register so that they present the 
number and read/write/check status of the 
next record to the hardware. 

KSTAT(12-15) are loaded from BPS(12-15). 
(Actually. Bt;S(la) is 'OR'ed into 
1\ S 1'.-\ T ( 1: q .) T his en a h I cst. h e IT! i c roc 0 d e t 0 
enter conditions it detccts into the 
status register. 

Initiates a disk seck operat.ion. The 
KD:\T;\~ reg-Ister must have been loaded 
pre\'iously. and the SE:';lt\DR bit of the 
KCO~~~ register previuusly set to 1. 

Effect 

NEXT~NEXT OR (IF WDTASKACT AND WDINIT) 
THEN 37 ELSE 0) 

;\EXT~:\EXT OR (IF currcnt record to be 
written THC'~ 3 ELSE IF current record to 
be checked TilE:; :2 ELSE b) ........ - ". .' 

~EXT~~EXT OR ~t\P (current record number) 
where 

~U~!? l : ~ ~l:\P:2 ~ 3 
~t\P 3 ~ 1 

NEXT--XEXT on (IF curn'nt COIT:l11[ll1d w3nts 
data transfl~r TIlE\ 1 EL;:jE 0) 

~'~EXT""~~EXT Of{ (I F d i ~k not ready to accept 
command TIIE~, 1 ELSE 0) 

:< EXT .;- :\ EXT 0 R ( IFf a tal err 0 r i 11 I a t c 11 e s 
t } 1(. 11 0 ELSE 1). 

NEXT~NEXT OR (IF seek ~trobe still on then 
1 el~l~». 
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7.0 Ethernet 

The Ethernet is the principal means of communications between an Alto and 
the outside world. It is a broadcast, multi-drop. packet-switching, bit 
serial communications network. The goals of the design were to connect up 
to 256 nodes (Altos. Novas, etc). separated by as much as 1 mile, with a 
moderate bandwidth (2.94 megabits/sec) channel. 

Alto Ethernets come in three pieces: The transceiver, the interface, and 
the microcode. The transceiver is a small deyice 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 connect all types of ethernet interfaces to the' ether, so 
the t ran s c e i v e r des i gn i s not s p e c i f i c tot he A Ito, and w ill not be 
described here. 

7.1 r~gr~mn!iQg Characteristics: 

Pro g rum s c () mm u 11 i (' ate wit h the m i c roc 0 de and the i n t e r fa c e v i a lOr e sen' e d 
locations in page 1 and the emulator instruction S10. ~ord counts. buffer 
addresses. et('. are put in the appropriate locations and then SIO is 
executed with all Ethernet command in .-\CO. The main memory locations and 
their funct.ions are: 

EPLOC: 

EBLOC: 

EELOC: 

ELLOC: 

EICLOC: 
EIPLOC: 

EOfLOC: 
EOPLOC: 

ESLOC: 

Post locat ion. Receives status informat ion when a 
COilllnanj comp let es. 
lilt err u p 1. bit I 0 cat ion. l' 0 n t e 11 t s are 0 R l~ din t 0 j\ \\. \\' \\' he 11 
a command completes causing an inte·rrupt if lion zero. 
EOT count locat ion. Hpceives the llllmbf:r of words 
remaining in the buffer at cOlIllllaltdcompletion. 
Load location. l:sed by the microcode to hold a mask of 
l's shifted in from w tlw right for generat ing random 
coulltdOWJlS during retransmissions. 
Input count location. Size of the input buffer. 
Input pointer location. Pointer to the b~ginning of the 
input buffer. 
Output count location. Size of the output buffer. 
Output pointer loc~t ion. Pointer to the beg-inning of the 
output uuffer. 
S e ria 1 n u m b p r 1 0 (' a t i () 11. '·'110 I d ~ t h r. s e r i :1 I n ur~ be r t 11 a t t 11 e 
microeode should u~e for d(~eidiJ'~::; which IIIp~s[lges to 
rf~ceive. 

ESPAHE: Spare location. Reser\'ed for future use. 

SIO dCles 1wo thing~ in\"olYing the: Etl!t:rnt:l: (1) 1 t p~1~:=;(,:; ('rl!~!llll1.nds f'!1crocled 
i 11 hiT S 1 -l a 11 d if. 0 f :\ (' 0 tot h c' i! 11 (> r !:!C' l' n 11 d {:..!) r t: 1 tl )' n s t li l~ ~: e ria 1 n tt IT! b e r 
(l f t j w A I t n i n t 11 Po r i ~. h t b .; teo f .. \ C 0 and a lin 11 (; S i 11 ~ h e 1 eft b \' t (! • T It e 
:-erial nnri,bcr is se'l h~" \dn!',';r<lp~ on' the bnrkp).lllC:. Tht!' cOIll::iand::: 
tl1rrcspondillg to the 4 cOllihillL.lt iOlls of hi ts 1·1 alid ];:1 arc~: 

ACtl[14-1I)] 'H~ })o not h i n g 
~H . S t ;1 !'t r1' a 11 ~ mit t e r 
10 St:)!'t recei\"er 
11 n c ::; e tin t e r fa l' e and m i (: roc 0 de 

[pon completion of a eommCllHl. EPLOC contains tlIP. ~tiltus of th(~ mirro('orit; in 
tilt: l~:'ft by1(c and the status of t11l.' h:.!'(.h\are 111 tlil~ rig-ht byte. The 
po S sib 1 e \' n 1 U 8 S 0 f t 11 e III i c roc 0 des tat usb y 1. e (1 eft) a 11 d t 11 e i r I i1e GIl i n gsa r e : 



ALTO: A PERSOXAL COMPUTER SYSTEM 
Charles P. Thacker and Edward M. McCreight Page 36 

EPLOC[O-7] o 

1 

2 
3 

4 
5 

6 

Hardware condition terminated input main loop. 
Whether this is good or bad depends on the 
hardware status. 
Hardware condition terminated output main loop. 
See hardware status byte. 
Buffer space exhausted during input operation. 
Loa d 0 \. e r flo W • 16 col lis ion s w h i 1 e try i n g t 0 
transmit. 
Command specified a zero length buffer 
Hardware condition aborted current activity. 
Generally indicates a reset command. 
Microcode branch conditions that should never 
happen cause this code to be posted if they do 
happen. Call a repairman. 

Bits in t.he hardware status byte 
meanings are: 

(right) are low true. If zero, 

EPLOC[S-H] 
EPLOC[lOl 

r:PLOr! III 
EPU.)(', 1:2 EPLOt 13 
EPLor 1·1 
EPLOC 15 

[nused. These should nlwuvs be one. 
Input data late. Interface did not get enough 
proressor cycles. 
Collision. 
Input CRe bad 
lllput command issued. 
Output rommand issued. 
Incomplete transmission - the received packet did 
not end on a word boundry. 

their 

Command romplelion ran be detected in two ways: (1) zero EPLO(' and wait 
for it to go non-zero. and (2) set bit~ in EBLOC corrnspondillg to the 
channels on which interrupts are desired at command completion. A program 
can determine the size of an input message (and though not too useful. the 
size of an output message) by subtracting the contents of EELOC from the 
original buffer count in t:xCLOC. The microcode ne\,er modifies the buffer 
c 0 u n t. 0 r poi n t e rIo cat ion s . To k e e p the r e c e i \. e r lis ten i n gas 0 f ten as 
possible. if EICLOr is non-zero when an output command is issued. the 
10 i c roc 0 dew ill s tar t the ff~ c e i \' e r ' un d (~ r ' t Ii e t r n 11 SIn itt e r : \\' h i 1 e the 
trnll~mitter is coul~tillg down a random retransmission inter\,al after D. 
colli ~:i (l II • t 11 ere eel \' e r i s 1 i s ten i 11 g . I f a l:le::; s a ~ f! a r r i \' l! sad d l'lf sse d t 0 
the rccei\·(!r. the' transmissi.oll attempt is ~iborted [!nu the incoming IIwss:Jge 
is rec(!i\,pd. Thl~ trall~l1lit l'OnlllWIHl i~ not l'~e['utcd in this case. and must 
be rp.i~sut;tl. The lllicrocooe statuf. byte-'ro EPLOC tells w118.t happ(~ll~d. 

The first word of nIl Ethernpt packnt~ mu~t contain the nddress to which 
thf! packet is d~~l ilied int}H~ l{lft h~·te. ano the addre~s of the spud(>r (or 
'source') in the rig-ht b~·tP. Hecei\'tH~ examine at }l'a:-:1 the d(!~tinatlon 
bytt~. ilnd in S(lme (',!~~e,~ the '1)llrCp. b;:t'~ to det(~r!:linp \,;!lpth<:.r to ropy the 
1lI(!~::;,H~e il110 mpr!(}r~' as it p:,1~~t!:' by. :\ddre~~ z(~ro h:1.s speciaiI!lL':llling to 
t 11 e E the I'll ct. Pac k (~t ~ \\' i t h d (> S i i 11:1 t i ou z e r 0 are b r 0 ,HI C il ~ t pile k t: t s. all d all 
actiYl' rt!('\'h'er~ ',';ill ropy tl'il!;;l into 1l1l::llllJry. If a prl'~,::ral:J \'Ii:;lle~ to 
r(:cph'(~ iiII piJc!~\;t:, UJl tl:e I1I.:t rc;!,ardll::'!' (If address, it ;:;liuuld put znro 
instf'::d (-;T the m;:.chillc serial liUl:tLlcr iato ESLOC. 

7 . 2 The E t Iw r 11 e t 111 t e r f n r. e 
--~. -_.- --.-----

The EtlH~f1let interfare consists of a d.:lta bllfff!f, an output shift regi~tcr 
and l'.ll'!:-:l! (-!leod • ..' 1 . it clueL ft·('f.,\'ery cirtui1 dl:cl i11i.iut :::.hift rt:~i~if:r. a rIte 
regi~ler. itlld one microcode ta~k. ThE: hardwure is Sl!U\\'ll in block diagram 
fOt'm in fiGure 7. Packets on the ether are, phasG p.ncoded and transmitter 
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s yn c h ron 0 us: i tis the res po n sib iii t y 0 f the r e c e i ve r t 0 dec ide w her e a 
packet begins (and thus establish the phase of the data clock), separate 
the clock from the data, and deserialize 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 
main buffer which is synchronous to the processor system clock. The large 
m a i n b u f fer i s n e c e s s a r y bee a use the E the r net t ask i s rei a t h' ely low 
priority, and ~he worse case latency from request to task wakeup is on the 
order of 20 mIcroseconds. The phase encoder uses the system clock where 
one bit time" is two clock periods, so the output shift register is 
synchronous with the main buffer, however latency is still a problem and 
the large buffer is needed for the transmitter also. 

Included in the clock recovery section is a one-shot which is retrigge~ed 
by each level transition of a passing packet. This detects the envelope of 
a packet and is called its 'carrier'. Ethernet phase encoders mark the 
beginl1ing of a packet by appending a single 1. r:llled the sync bit. to the 
b(!g-inning of nIl trnnsmission~. The leading edge of the sync bit of a 
p a (' k e t w i I I t rig g e r the car r i (! ron e - s hot 0 f a" 1 i s ten i n g r e c e i \' era 11 d 
unambiguously establish the recei\'er clock phase. The sync bit is clocked 
into the inpllt shift register and rccirculalf'd eyery 1(, bit times 
lher£wfter to mark ttl(! pre~enee of a cOlllplf!tc word in the reg"ister. If 
carrier drops without the sync bit at the end of the regIster. the 
t ran S III iss ion wa ::; i 11 com pie t e, and i s f I a g g e din t 11 est a t usb its . \\" hen the 
shift register is full. the word is transferred to the main buffer write 
register where it sits ulltil the buff~r cOjitrol hli:; synchronized its 
pre 5 e 11 C e all d all d t h P. rei ~ roo III tow r i t e i tin tot tw b u f fer. 1ft it e l'11 i f t 
r l: ~ i 5 t e r f i I ll;; up a ~ n i n be for e t 11 e\\"o r d has be (! 11 t run s fer r (! d from 1 11 c \\' r i 1. e 
register to the maIIl buffer, then tlw milin buffer has overflowed and the 
input data late flip flop is set. Etherllet transmitters accumulate a 16 
bit cyclic redundancy checksum on the data as i1 is serialized. and append 
it Ilftcr the last data word. As a recei\'er deserial izes an incoming pncket 
it recomputes the checksum o\,er the data plus the appended CRC word. If 
the resulting recei\'er checksum is non-zero, the recei\'ed packet is in 
error, and the condition is flagged in the hardware status byte~ Since the 
eRe is of no !nterest to the emulator program. a wakeup request to empty 
data from the buffer is onl\" made when it contains two or more words. This 
r(~dllce:--: the eff(!ct i\'c size 'of tlw buffer by one word, but insures that the 
C I{ l" \\' ill b t:.: 1 (! r t b e h i 11 d a t the e 11 d 0 f a p a c\ f! t . 

The phnse encoder STarts up when the miC'rocode ha~ decremented the 
countdown to Zl.~ro, there is no C'arri(~r pre~en1. and either the main buffer 
is full. or if the 1I!(~~5ag-e is I~~~~ thn11 IG i\"ord~ IOllg, all of it has been 
t r:!tl~f8rrf.d 10 t11p huffer. Tht' plw~{' PIH:oc!pr \';j II ]lo1 st;lrt liP \\"hi Ie thE're 
i;.;; carrier pre,:,l'llt. TlIi~ m(':-:l~S that rolli~.::ir)l!s cari

O

"oi11y II:lppf:~n because of 
del a y j n sell sin g (' <1 r r i (: r b e 1 w i~ e n 'Id d ~ I y ~ P ~H' !~ d t ran!' II! i t 1 e r s . Col lis ion s 
art: d p t 8 (' t p d ;: t 1 11 (' t },;:Hl ~ C e i \' f' r b :: C O!ll j) ~ r i j j g t h n d a t ~1 i J \£! i n i e r f a (' e i s 
~ II P ply i 11 t~ 1. 0 1 h f~ ci a 1 11 h (> i 11 g r l: (' e h' '':- d 01" r ~ h t~ e the r . 1 f 1 he 1\';0 are 11 (J t 
idi.:ntic;i). a ~igl1al i~ r(~tl1rlwd to the illterfnl'e which irlill]('diatel~' !'tops 
:h(> ph~l:-;c Fnrocif'l' [!l1d ~ct;..; the nllli:-:itl!1 flip fI(li' C:lll:dLl..!":l · ... ~d":e\lp r(~qlll':Sl 
in the Ii:icrncuti('. ('t):ll1td'.1i"d1"~ arc nl."l~('I!!J1lish('d by ~l·tti!l~ a flip flop from 
tl1;' 1:!il'l"oC'ud(~ ';;Lieh \" .. i II (,(tt!:.;!] [I \\""1l:i!t:P r.Jql~c:·l (,11 the l:i.:xt oC'l'urranec of 
S\';.\K~\!HT'. Thh; makes the grain size of euulltdll',\'I1S abollt ::r, microseconds. 

B~· changing lhe timing compo1lents on the on(~-shots in the clock reeo\'ory 
~ect ion and di\'iding- the ~ystem clock to tIl(' phase er!cocier by t.wo, t.he 
i Ii t c- r f ;1 (" e c n n Ill.: r U II nth [I I r ::; 1-' l; t d (1. ,I 7 ~\lB its / ~ t~ (: • ). 1'1.: d lit' i 11 g ~ the 11 U III b e r 
of processor cycles required. 
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The interface and the transceiver are connected together by three twisted 
l?airs for signals plus two supply voltages and ground supplied from the 
Interface. The signals are (1) transmitted data to the transceiver, (2) 
received data from the transceiver, and (3) the signal from the transceiver 
indicating interference. 

7.3 Ethernet Microcode 

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

ECNTR: 
EPNTR: 

holds the number of buffer words to be processed 
points at the word prior to that next to be processed 

The task and R registers are shared by input and output so that at any time 
they are (1) unused. (2) transmitting a packet, or (3) receiving a packet. 
Wh en an E the r net S I 0 i sis sue d \\' h i 1 e the E the r net m i c roc ode i s res e t. the 
codE" dispatches on whether it's to do input or output. 

Each Ethernet SIO has a result which is posted. The state of the mirrocode 
and hardare at the time of the post are deposited in EPLOC. The contents 
oj' EC,TIt are depositl~d in EELOC. And 1he content~ of EULOC are OIled into 
~\\'\'i. Tlw IHl.rcl\n:re responds to an EPFCT (1"1=1·1) by placing it.s status on 
tIlE: bus: EI'FL'T clears the hardware. 

An input, rommnnd cnllses the microcode to load the input buffer size and 
puintei' Into E(,\TI~ .dld El'i\Th. re .. ;;pecti";;ely. ano to start up the input 
hardware with EISFrT (F2=1(j). Then the ta:-;k blocks wait ing for the first 
word of a pas~illg IWckl!t. lhe input hardware \\'ait~ for quiet on the ether. 
tllrns on looking for a packet's fir~t woro. and then wnkes up the input. 
task. Cpon waking. the input task a~ks \ .. hether tl\(~ hardware is oeli\'erillg 
t 11 e fir ~ t VI () r d 0 f a pac k e t u sin g E B F (' T (F 2 = l·! ): E B Fe T p 11 t sal on ~ EXT ( 7 ) 
if something othnr than n datn word is causing- the \'.'nkeup. If a data 
wakeup, the task checks the packet's first word addresses against' the 
filtering specification in ESLOe. If ESLOC is zero. the packet is accepted 
and the input main loop is used to transfer the park~t into the waiting 
input' buffer. If the parket's first byte is zero. it is a broadcast packet 
:J 1H.l i s nrc e pte tl . 0 the r w h; e, the fir s t by teo f t 11 e p n eke t II1ll Still a t r 11 t hat 
stored ill ESLOr if the p~\('ket is to be accepted. If tIl£! parket is not 
~1(.'('l:;:oll~d, the hanh ... ::rl! i~ rl:~Qt 31H} started up a~aill looking for input. If 
:1 n li n - d ~I taw n lal up. t 11 eta ~ Ii. po S t s . 

The inpui main loop rcpl~at(!ctly COUllt~ dowll the buffer siZe in EC:-;TR and 
,ld\'~lDCeS tIll'! buffer pointer in EI'!<TR df~positing paej.:(.:'l words tll~til either 
t!w l:~-lrd .... an~ tprmill;ll(':=;; tli(~ flow or tl]{? bt1f'f(~r o\"(:rflo\\"~: in either l'n~e. 
the ir:}l\lt terminate:"' i~JHi po~t~. P:lckct word:. arriving at 1he input buffer 
\\':t!,;l:' up th0. input I!!,-tin loop once e\'t'r~' ;-1. ,J·l !llicrO~(!l'Ol~d~ (Ill 1lw a\'f:·ra~e. 
;\'ith £::!ch \',:~b;l!p. t!J\..! input lli:l1n 1"(11" (,f1Pcks ior Ch~:1 with EBFCT. ll,nn is 
t:l1:('11 fro:l1 tr}(! hnrcl".';;ll'e \';ith EIDFCT (0 ta~k-dt'p(:,l}(l(~llt uus source. hD"\T~\). 
Ea (' h \\ U rd r eq u i r (; s G c ~'C 1 f! S • 

. \n (l\1tP!.lt ('nr::;:.<llld c:1tl:.:es 1he IldCl'llC('CiP to ~t!e if:: 1 l:~1~ bf~l:n :-:hifted into 
Li1 0 "ti ELLUl' L;:ILi if:::.o po~t~ It lead u",'crfl(Ii':. If not. it;..; (,Ul1tl:l1iS are 
lIsed to ;YFL~.k off' t1\(! clOCK in B:37 te, g'L'lH!l'i,He :1 l'ar:dma llumh.'r: ELLOC i3 
t lie I! ~ h ii, cd 1 eft (.I 11 C C' h r i 11 g i 11 g ,1 1 i 11 f r (1lJ1 t h (' r i ;~ h t 1Il:1 J.: i II g i he IT1 a ~ k 
(i.f! .. thl~ Iniltl) J~lr~er. The r:mc..:0m number i~ thell cou!1lPd dO'o'.'11 iI"! 
11Iic:rocodr tlS1Tll; 11H~ IiJell1nl'Y rf'frc~l1 tusk clocl", ~\':Ah.~.;ltT'. to \\,~tkp it up 
C\'l'i';; :riiiii('ro:'t!cond:~. Tbt: LtT(,T (fl=15) PXl.''..:utr.:d iii the i.'l:-:k jn~lruction 
01 the C (l U 111 do \'111 lou p r a u ~ e S 1 he 11 [t n; \\' Cl ret 0 r e q Li e ~ t. a i': a k E: U jJ at the n ext 
tic of S\L-\K~.mT'. During- countdown. if EICLOC is non-zero. t.he hard\\'are is 
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enabled for input; if an input word arrives during countdown, ECBFCT 
( F2 = 15 ) bran c h est hem i c roc 0 de t 0 i n'pu t top roc e s sit as i fan in pu t 
command had been issued. When the countdown reaches zero, the output 
buffer size and address are loaded into ECNTR and EPNTR, respectively. The 
output hardware is started with EOSFCT (F2=11) and the main output loop is 
entered to transmit the packet. Actual transmission of the packet does not 
begin unt i 1 the hardware's buffer has been fi lIed by the output main loop 
or an EEFeT (below) has signalled the end of the packet. With a full 
buffer, the hardware then waits for silence on the cable Ether before 
beginning to transmit; we call this Deference. 

The output main loop repeatedly counts down the packet length in ECNTR and 
advances the address in EPNTR taking words from the output buffer and 
giving them t~ ~he output h.ardware unti I .either the. buffer IS emptied or a 
hardware condItIon aborts It. Once agaIn, EBFCT IS used to branch on a 
HOIl-data wakeup: EODFeT (F2=10) is used to transfer data from the bus to 
tlle output hard\\"a)"(~. The output main loop is nwnkened for it pnckt!t \HJrd 
onc(! 8\'er:-; .5.-1-1 microsecond!' 011 the nver~lrH, \\hpn the output huffer is 
empt ied, the microcode issues nn EOT with t.EFCT (F2=la) and waits for the 
hardware to terminate: it then causes an output post. ' 

On 011 t put. E B Fe T g e n e r Ll t e s n 4 - way b r It n c h by OIli 11 g bit son t 0 \ EXT ( 6) and 
\EXT1'j' If' lHdther are ORed \\'1th a 1. the wakeup is a data request. If 
\EXT 6 is turned 011, output should be aborted with a post. If only 
\EXT 7 is OIled on, a collision is indicated; the hard\\'~re has detected 
Ijji{;rference in tran~mission of t.he currellt pac-keto If H collitdOll is 
indicated <lllring output. the microcode immediately nborts transmission 
(Dld'efel1ee again) with EPFCT and bl':J1H'hes hack as if a new output cOl!1r~and 
had been issul'(i: but now the load is larger than the la:,t time :.1round. Our 
CUl'rt:nt algorithm requires that ELl.OC be zeroed prior to issuing an output 
commnnd so that. it takes]6 increasingly infrequent collisions to cause a 
load o\'erflow. 

7.4 Software Initiated Boot Feature 

Since the Ethernet interface already decodes the emulator instruction SIO, 
it \\,115 en~y to attl1ch meaning to nil0ther bit in ACO. If Bit 0 of ACO is 
o IH! \',' }l(~ 11 ~111 :-; I 0 i sex Q cut e d . t 11 ere ~ u 1 tis ide 11 tic a 1 top r G s 50 i 11 ~ t 11 e boo t 
button ()n tbe Alto keyboard. 
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8.0 Control RAM 

The control RAM is an optional logic card containing a fast (90 nsec.) 
l024-word by 32-bit read/write memory, an even faster (40 nsec.) 32-word by 
16-bit read/write memory, and logic to interface those memories to the 
Alto's microinstruction bus, processor bus, and ALU output. Unlike other 
memories in the Alto, the larger memory of the control RA~t can hold 
microinstruct ions and/or data, and may be used exact 1y as the memory of a 
von Neumann computer. 

8.1 RAM-Related Tasks 

The control RA~f performs data manipulation (as distinct from microcode 
fetching) functions in response to certain values of the Function 1 and Bus 
Source fields of the microinstruction. Not all tasks will likely be 
interested in these functions. ~tore important. not all tasks will have the 
a p pro p ria t e \":t 111 e S 0 f t he Fun c t i on 1 and Bus Sou r c e fie 1 d s lin c 0 \11m itt e d. A 
lL\\i-r(:lated ta~k i~ defined as one during whose execlItion the control HA~t 
('ard wi 1 i r£?:,pond to t.he Funct ion 1 and Bus Source fields of 
microinstructions. The standard Alto is wired so that the emulator task is 
thp. UIlI ... H:\\I-r£!iated la~k. At most two other t3.51\s can be made HA\I-related 
by a siinpic uackIJ(lllel wiring change. 

8.2 Processor Bus and ALU Interface 

Unfortunately, since the Alt.o's ALU output and processor bliS are tJat:h lG­
bits wide alld its microin:;truction bus is 32-uits wide, landing- the control 
1:.\\1 from ttlP AIX uutput and reading the <:ol1trol ILUf Ol1to t.he pro(,f.'~sor bus 
i,~ ~liF~)~.ly cl~llm~y: It is done by using the R"\~1-related Fl's \\"HTR:\~t and 
I~Dn:\"l (~t:e AppendIX A). 

For bot 11 r e :1 dill g n n d \\' r i tin g, the con t r 0 1 R;\" n d d res sis s pee i fie d by the 
control R:\\1 address register, which is loaded frorn the ALU output whenever 
T is loaded from i1S source. This load may take place as late as the 
microinstruction in which \\"RTRA~t or RDRA~t is asserted. The bits of the ALU 
output have the following significance as a control RA~ address: 

BIT 

0-3 
4 

5 

6-1[, 

USE 

li!llored 
IL\~1IHOM o means rend/write the control 

RA~l 
1 lIll?all~ rend t he con t ro 1 RO~1 

IL\LFSEL Igllnrpu on writing 
o mp:Ul~ rf:~id Ollt tllp lm';-ordf=r 

1 t) - hit:-; 0 f 1 h ~ a cl d r l! ::; S (~ d \\" () r d 
!II elll S r e .;, d 0 tl t t h (' It i :.: j i - 0 r d e r 
l(i-lJit~ of the nddre~sed word 

\\" 0 l' d :.1 d d l' e s s (0 - 1 0 ~:3 ) 

Sinrr it \\"[)<-; e~":f'cctcd lh~tt fI.::~tdinl~" t!1(.' control !"~"\"I would be:l rr-lntivcly 
i!drl:llllP!1r Ojli:r:ltic 1!1. [l ~illf.dl~ ,ls~crtion of hlJ/C\! rLild~ nlll ollly one half 
of " :)~-lJit ('I,1"It,'cll IL\\j \\td'd Ol1to thl! IHo('(::-::::or hil::'. To read ont both 
11:11\"('s. the contrul 1;:\:,\ ;lddre!--!' r('£;i~tcr IllU~l bE: )u,)(\f'd l\dCt, and HDIL\\l 
il1~:rd:l'd twice. Datn rl':-.;u)t illf.; frolIl }{DIL\\t i:::: A\O'€d onto tIl{; p!,OC(:;3~or bus 

'during the micl'oinstl'uet iOll {allowing tllLlT. in whirh the HJ,1J{:\\i \\",!S assertr~d. 

In contrast. it was expE:cted tlwt writing into the con11'ol rL\~,i would occur 
frequently. Therefore a single appljc<1tion of \\'HTIi:\\l \\Tit(~s bot.h halyes of 



ALTO: A PERSONAL COMPUTER SYSTEM 
Charles P. Thacker and Edward M. McCreight Page 41 

a control RAM word at once. The M register contents (see section 8.6) after 
the microinstruction containing the KRTRAM will be written into the high­
order half of the addressed control RAM word. The ALU output during the 
microinstruction following the WRTRA~f wi 11 be written into the low-order 
half. This protocol mates well with doubleword main memory reads. 

Both RDRAM an~'WRTRAM cause the microprocessor's system clock to stop for 
one cycle. This may yield unspecified results if the system clock is also 
stopped for some other reason (e. g. waiting for memory data). As a general 
rule, the system clock should run wIthout hesitation during the 
microinstruction following a RDRAM or WRTRAM, except for the effect of the 
RDRAM or WRTRAM itself. 

8.3 Microinstruction Bus Interface 

The peo bit of the program counter of each Alto task specifies whether that 
t :1 :-; k i S C 1I r r en t 1 y ex (! cut i II g m i (' r 0 ins t r u c t ion s f r () Ir1 t I H'! con t r 0 1 R 0 ~t 0 r t 11 e 
control H:\\t. The next microinstruction addre!':s fip.ld of :1 microinstruction 
is not. wide l~nOlq:~h tu ~p(!cify a transfer from HO\l to R'-\~\l or vice-\'ursa, A 
s p Po cia I t r a 11 S fer me c han ism ex i s t S 011 1 y for R:\~l- reI n ted t ask s , i 11 t 11 e for m 
of S\\'~,lODE. a R;\~l-r(!l(lled Fl. S\ntoDE i11\'crts tlH' }'('O bit of the emulator 
ta~k. taking effect. aJ'lor the n:i('roinstrllct iOll fO}}C)\\'ll1S' tll:l! in \','hi("h the 
S\\~\IODE appt~:..tr~. In other words, ill R:\~f-r(!luted ta:-;ks Si~'.!oDE beha\'es much 
like an address modifier. Other tasks cannot. switch between RO~t and RA~1. 

The correspondcncp. of ALV output bi ts wi th microill~t ruct iOll fields appean; 
ill the following tuble: 

Hirrh/LOw Order Bi t of ALlJ ~fean i ng Yalue in 
Ialfword Output Example 

H 0-4 R Repister Selert 0 
H 5-8 ALU "unction Select 0 
H 9-11 Bus Data Source 5 
H 12-15 * FUllction 1 2 
L 0-3 * Function 2 0 
L 4 Load T 0 
L 5 • Load L 1 
L G-J5 :\exl micro address 3'1-""i) 

F i P. 1 c1 s d f' not (l c1 h Y * n r r r P. pre ~ en ted \\' i t h 1 h e i r h i g'11 - 0 r d e r bit i 11 \' (~ r ted ; 
t his i ~ a 11 art i f act 0 r h a I' d v; :: rein j c r (J i 11 ~ T ;' Ll eli () 11 dec li d ii, 6' ~ \ ~ a 11 e x amp 1 e . 
con~ider the l'eJln.J'::(~ntut ion cd' 1he microin~tl'uctiol) 

L"'~,1D. TASK, : LOCA: 

w1if're LOe\ i~ :32:1. T!w \'alU(~5 for the \'ariOl,~ micl'oil'l:'-i fucl ion fjp1ds arc 
Iisled in tIl(: talJlr n!Jo\'c. :\£'121' C(.l:!lpll';!ielllin~~ tile ::l'pr(lpri<1lE! hi~h-llrcler 
bit~: and ctll1cntPIl:lting'. we ~~t.1e th:lt til(: mi('!'()ill~tJ'l:t'!iul1 abl)\'e would Of' 
r (', :) !' t~ ;-: (' n \ (I d II ~~ 1 ~t~ j nit::; 11 i g 11 - (I r d (l r h;d i \\' 0 r Ii H II J 1 :..::}:..!~, i nit ~ 1 u \'; - () r d e r 
Ita 1 f\',1) I'll , 

TLl! JL\~,I-rt!1:11('d Fl H'lm~ rau!:'es the re~et mndp. rc;::i~tf~r to 1w loaded from 
1 11l ~ p r u (' (> ~, ~, 0 r h us. T h i:3 r ~ fZ' i ~ t e r i::: 11 ~ P ci t 0 sup P J y' the i: 1 i t i a 1 \' a J u P 0 f t 11 e 
pru bit uf t':lcli til~1:'::: jH('t::ram ('(Julltt~r dLlrjn~ :hf: 1'..:-:t r(::,(~l ("lHlot") 
op(~r:ltion. The 16 bilS of tll!:! processor bus eorre~pt..llld to tiH~ 10 Alto ta~ks 
i 11 the f 0 1 1 0 \\" i n g \\' 1.1. Y : the 1 0 \\' 0 r d e r hit () f the !Jl' 0 r (' s S 0 r bus s pee i fie s the 



ALTO: A PERSONAL CO~PUTER SYSTEM 
Charles P. Thacker and Edward M. McCreight Page 42 

initial mode of the lowest priority task (emulator), and the high-order bit 
of the bus specifies the initial mode of the highest priority task. A task 
w i I I c omm en c e i nth e con t r 0 I ROM i fit s ass 0 cia ted bit in the res e t mod e 
register contains the value 1: otherwise it will start in the control RAM. 
Upon initial power-up of the Alto. and after each reset operation. the 
reset mode register is automatically set to aliI's. corresponding to 
starting all tasks in the cont~ol ROM. -

'8.5 Standard Emulator Access 

In addition to the instructions listed in section 3.1, the standard 
emulator includes three extra instructions allowing basic access to the 
control RAM. More sophisticated access may be implemented by using the 
basic access primitives to write microcode into the control RAM and then 
transferring control to that microcode. 

RDRA~ (GI011) Read from Control RAM: 

R e u d s t 11 e con t r 0 I R'-\~I h u I f W 0 r d n d d res sed by A eli n t 0 :\ CO. The 
microcode is: 

HDInt: T'-AC 1. RDIt-HI: 
L.-ALLOXES: (AXD'ed with control RAM'data) 
ACO.-L, : START; 

WRTItA:,1 (61012) Writ8 into Control RAM: 

Writes .-\<'0 into the hig-h-order half and A(,3 int.o the low-order half 
of the control R:\\\ word llddres~ed by .-\C1. The mierocode is: 

WTR~t: T+-AC1 ; 
L.-:\(,O. WRTR:HI; (This loads the M register) 
L.-AC3; 
: START; 

JMPRAhl (61010) Jump to Control RAM: 

Sf!JHl~ control of the emullltor task to tl1<.J R:,\\I loc'ation in ACI (mod 
10~·1). This operation is fraught with peril. If dOlw in error it is 
tlH~ only I'lllulator in~ot ruct ion which call cau~e the 1iI:1('hillC to plunge 
or f tile deep ell d . If t 11 (l . R:\\1 i sn at i 11 ~ t a I ) L d. ('011 t r 0 ) wi 1 I go to 
the IW~I location in ACl. (,l(~\Oer ('oders ("Hi U~e this fe:uure to 
dr:tt~rlliine frum within \\'hetl}(~r or not a ('ontrol JL\\l is installed. 
lIrl\ql\,pr th(l~' arc belter iHl\"i~ed to 1I11l~:P lhi~ dl:tcrminntion using 
\U~TH:\\1 and IWl::\~\1. TIl£! microcode for J\1FHA\I is: 

~T \1PR: T~.-\r 1. BrS, S\','.'.:ODE: 
: :\O\'E~,f: (:~O\,E\i = 0) 

Tlw ('ontrol I:.\~.Il'ard also includes an ~\t regi~tcr :-mc!:-:1 :-; l"l').:i:3tG!'s. The \1 
rt'glsler is tJH~ :11l,llf'g of the b;J~i(' Alto'::; L r(q!i~tl:r, It lHO\Oidc::: data for 
tlw S rC'~i~ter~. '.dJicll are al~<1J(Jg-OllS to thp ba::.ic: Alto:J's H n'~i~ter~, These 
addition~t1 rt'gisiers \\"L!rC pr(J\'ldcd to p[lse th(~ tif,:'ht (,oll~trnillt on 1\ 
r f! g i s t era \' [l i 1ll b iIi t y \\ h i c h mig 11 t 11 a \' eli 111 i t e rl the uti 1 i t y 0 f t 11 e con 1. r 0 1 
n.\~\l. 

The similnrities between the M nnd L registers, Dnd bet\\'ef~n the Rand S 
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registers are striking. Both M and L are loaded from the output of the ALU. 
ana only when the Load L bit of the microinstruction is active. R registers 
are loaded from L. and S registers are loaded from M. Both Rand S 
registers output data onto the processor bus. Both Rand S registers are 
addressed by the RSELECT field of the microinstruction. (Thus the same 
ca\'eats which apply to the use of R37 apply to S37 (see sect ion 2.3 f).) 
Loading and reuding of both Rand S registers are controlled by the Bus 
Source field of the microinstruction. 

Nevertheless there are considerable differences. To begin with, the M and S 
registers are active only when a RAM-related task is executing. This means. 
for example, that in the highest-priority R:\~I-related task it is not 
necessary to save the value of M across a TASK, since no higher-priority' 
task can change the value of M. Unlike the data path from the L register to 
the R registers. the data path from the M register to the S registers 
contains no shifter. When an S regi~ter is being londed from )1. the 
pro('e~~or bll~ is not ~p,t to zero. The emulntor-t~jH!cifie fUl1ction:-; :\CSOl:RCE 
it 11 d :\ (' DE:-; T h n. \' e no e f fee ton S reg i ~ t l! r (1 d d r e ~ s i 11~' • :\ n d fill all ~. • \\" hen 
reading data from the S regi~ters onto the processor bu:" the RSELECT value 
o c au s e ~ the C 11 r r en t \. a 1 u e 0 f t 11 e ~t reg i s t e r t 0 a p pea ron the bus. ( T his 
explains \'.'hy there are only 31 useful S registers.) 
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FIELDS: 

ALUF: 

APPENDIX A - MICROINSTRUCTION SUMMARY 

0: 
1 : 
2: 
3: 

0-4 
5-8 
9-11 

12-15 
16-19 
20 
21 

22-31 

BUS 
T 
BUS OR T* 
BUS :\:;D T 

*LOADS T FRO~t 

4: 
5: 
G: 
7 : 

ALU 

R SELECT 
ALUF 
BUS SOURCE 
Fl 
F2 
LOAD L 
LOAD T 
NEXT 

BUS XOR T 
Bl;S+ 1· 
nCS-I· 
BUS+T 

OUTPUT 

10: BUS-T 14: 
11: Bl'S-T-l In: 
12: Brs+ T+ 1 * Hi: 
13: BrS+SKIP 17: 
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BUS.T· 
ll~DEFINED 
l':;DEFl~ED 
r~DEFl:;ED 

ilLS SOVRCE: 0: ~nLnCATIO:\ 
1 : RLOCATIOi\+-

4: (task-specific) 
5: +-~1D 

2: Undefined G: 4-~tol'S E 
3: (ta::-k-specific) 7 : ~DISP 

F 1 (STANDARD) : 0: 
1 : ~I:\R +-

4 : +-1. LSII 
f>: ~L RSlI 1 

2: TASK 6: +-L L(,\'8 
3: BLOCK 7: ~CO::STA~T 

F2 (STANDARD) : 0: 
1 : BVS=0 

4 : BUS 
5: ALUey 

c"). SII < 0 w. 6: ~m+-
,.) . 
oJ. SH = 0 7: ~CO:\ST:\~T 
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APPENDIX A (Continued) 

BUS SOURCE(TASK SPECIFIC): 

0 
CPU 

10: S\ntODE 
11 : \\'11 T R:\~1 
12: HDf{:\~1 
13: H\m~ 
14 : 
15: 
IG: 
17: START 

o 
CPU 

7 
ETHER 

3: 
4: 

'-SLOCATION 
SLOCATION.- EIDFCr 

Fl(TASK 

-1.16 7 10 
KSEC.KWO ETHER ~mT 

STROBE 
1\STAT~ 

I :\fREC,Q ELFCT 
CLl'~~;T:\T EPFCT 
t\l'()~gi~ E\\'FCT 
l\~\ DH.~· 
1\DATA~ 

4.16 
KSEC,KWD 

.-KSTAT 

.-KOATA 

SPECIFIC): 

] 1 12 
DWT CURT 

-. 

F2(TASK SPECIFIC): 

o 4.16 7 10 11 12 
CPU KSEC. 1\\\D ETlIER ~mT D\\T CURT 

RAM 
Related 

.-SLOCATION 
SLOCATION.-

13 
OIlT 

13 
DHT 

]4 
D'lT 

15 
PART 

14 
D'lT 
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R:\~f 
Related 

S\\'~IODE 
\\'ltTIL\~1 

HDILUI 
R~1R'-

15 
PART 

10: nrSODD HdT EODFCT DDR~ X PREG... E\"E~F r ELO E\"E~~F I ELD -
11 : ~,L\(;JC H\\'(' EOSFCT (,SH~ S r:ri1UDE 
1 ,) . n:,S4,- HEf'\O I .. HBFCT 
l:~ : :\ClIEST \FJ~IJ.\T EEFCT 
]·1 : In ... S \I, i:\I\DY EBFCT 
1 ;) : JD1~P ~FEB ECBFCT 
1 G': Ac:)urHCE STIW130:'; E 1 SFCT 
] 7: 
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Location 

420 
421 
422 
423 
424 
425 
426 
427 
430 
431-450 

452 
453 

4GO-477 
500 
501-517 

521 
522 
523 

524 

525 

527 
530-567 

GOO 
GOl 
()02 
G03 
GO-1 
()o5 
GOG 
607 
GIO 
GIl 
612 
()13 

·614 

6]5 
G]G 
Gli 
H20 
621 

APPENDIX B - RESERVED MEMORY LOCATIONS 

Name 

DASTART 

ITQUAN 
ITIBITS 
MOUSELOC 

CURLOe 

RTC 
CrR~fAP 

WW 
ACTIVE 

MASKTAB 
P(,LOC 
Ii\TVEC 

KELK 

ITTHfE 

TRAPpe 
TRAPVEC 

EPLOC 
EnLoe 
EELor 
ELLOC 
EICLO(' 
EIPLor 
E(i(" UW 
Elll'LOC 
E~LOC 

E~PAHE 

DcnR 
l\:--"~L\R 
D\':A 
('LA 
Pc. 
SAD 

Contents 

Display list header 
Display vertical field interrupt bitword 
Interval timer stored quantity 
Interval timer bitword 
Mouse X coordinate 
Mouse Y coordinate 
Cursor X coordinate 
Cursor Y coordinate 
Real Time Clock 
Cursor bi tmap 

Interrupt wakeups waiting 
Active interrupt bitword 

~fask t nb 1 e for convert 
Sa\'ed interrupt PC 
Interrupt Tran~fer Vector 

Disk command block address 
Disk status at 5tart of current sector 
Disk address of most. recent ly started disk 

command 
Sector interrupt bit mask 

Interval tiW~r time 

Trap saved PC 
T rap \' e c tor 

Ethernet post location 
E the r net iI'll err up 1. bit rna s k 
Ethernet EOT count 
E tIll' r 11 e t loa d 1 0 cat ion 
Ethernet input buffer count 
Ethernet input buffer pointer 
Ethernet output huffer count 
Ethernet output buffer pointer 
Ethnrllet ~(~ria] numbpr 
IU:serY(ld for ETllf:!l'l1l~t ('xpallsion 
It e ~ e 1'\' e c1 fur E 1 11 e r 11 e t ex pan oS i 0 II 
He:-;L'n'cd for Ethfn-n(~t l'X1HlllSion 
po!'ted by pnrity t[l~k whe11 a main memory 

par ,~ t y P} r 0 r "i s de t e c ted. 
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