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Three categories of interrupts are envisioned.
rof decreaging urgenéy, they ares T
2) | The sygtem wants L_‘dg_semethingnto Qhe"pnonessmbacause_i_"
i; he's used|all his money ’
i *peonle~have to*be“swaopeﬁ Uut to unjam
| These interrupts must be honored in a,hnnqy+
The user semds|an interrupt from his TTY (TWO‘le éﬁ
rofurgency currently exist, CSP and BREKK“7“TH§ Iesqerr
' these 1nterrupts takelef rect,  the better,nheesyuienL oo

looks,

"Theuser has given*a’ iend“a capabllity to Inﬁer?ﬁﬁtf*_”“_‘

‘him, but only wants it to strike under certain_e_e_e-__

conditions, | It doesn t matter if this type of [intenrupt

mever-—sitrikes, T TTt1=rrr—f rrcm

2) There exist manipulations which cennot be | tenmlnatedngaqegf_%g_
fully in mid-stream, Here the difference between interrupted |
rend-termineted makexxitxai - should be- menttoned“““mdet“thtﬁgs'

can be interrupted Lpr-ovidesd that they @re‘lgier 1lowed to
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'finish without having been disturbed in|any way in the interim

—+—tExamples—of -things whichrshouldn'ttbe terminated zt ar

T 1T g the DISK SYSTEM, when 1t's twiddling pointers | | |

4+~ b} -the DISK VYS@zM—MWhen %t‘s dnran ungaiinly post *wmth

1 e)/the LINE COILECTOR, [when |15 s | twiddling poinfens

| _i,_ M S L  —
The last,one poses serious_groblems, begause (it is al ;,leﬂp,_
“manipulation which must be ﬂnvokable'%y the user, |

11?a '
times are i ,_HF_4__
respect th having_eome thing half-way ﬁﬂﬂppﬁd i Qr out
d) e DATA BASE- UPDATEﬂq'when ith'upd
-3) The -orderly termination requirement confiicts wth the $em1-;

instantaneoas response recuiréme nt, Any eblution 1nxglye§,4‘ﬂ_,
1 'a compromise in that some small time 1nterva1 must eventually

~be allowed for graceful—gempietipneof manipulations requirt B
greceful completion, Two radically differen;,sbyiesqu__k_ h

'solution Have been discussed: ||
&) Some lsort ofl GLOBAL INTERRUPT | INHIBIT BIT, or Gﬁiﬁ R B
which can be| set logally to guarﬁntee comgl_}io 4 'T'

1 leritical operationss A bug which leaves this bit

iset-Indefinitely is intolerable,; so that—*nme*mechanlsm T

of 1limiting the length of time that it 1s set must T

lexist 1in the Jystem’ An implementation of this| meth al

s discucsed in C below, Note that this scheme implies

that allinterrupts arekgupjéct tc some minimum delay
whenever any critical manipulatipn is| in progress,

b) Making use of the eurrent interrupt maeninery, interm I
which must be honored fast are directed to an approp ngly

‘peestigious node of the suoprdcess tree \sueu ap une\LQUuJ.

S NS RPN, U A 1 —eoidpboecurs 1mmediately and then the SP fi

the interrupt has to decide what the hell to do|with!i

~/The bookeeping and implementation seem to be a pightmare,
~but thls method is mentioned becsuse it makes 1t—~f—F—*——L—-
poesible to decide to interrupt _something and then

[ et 1t terminalle later, Sivins potentlally|greater
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ighesﬂ of a sug estion as 'to| 1mplementation is givenA}n D.
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B) Current inter"upt structure, |
1) Subprocesses are arranged in a trec.‘ nodes abgvera igiven |
_f_J__L..AL ‘node|ane ¢alled its ancestqrs. |A node is lan ancegwor @ | |

[ | 1uBell, luuveriupgus|aie Giiecuved W0 8 PAreiGuiar BUnDavCgon,

lan i Calleu vn€ INEriupl SUUProcess, An [interrupt subprocess 2
o | doeen't actually |start execution until it |becomes| an ancestor |
| * of] the subpriocess currently executing, calleo th° cu“rent

—subprocess, 'eee‘fig T | ¥~j

80 5P S R A D L 0 0 P18 o ese tree, rnterqupts~d&rect

S 0 A T N N e L7~7; to subprocess |in|the shaded d area s
T | ‘ right away, modulo the IIB explained
3 o (7 (N [l i S s R e e ) R B s e 2 2“ “other interrupts wait,
=) | “‘_I
2) Local interrupt imhibit bit (Ilqé. ihen an interrupt | | | |
subprocesé s flﬂ&dHnn an II s = automati 11y4set*+*v-*L~

. . 4 | 1 | | |which prevents the su r cess |from recieving any funtherl
'interrupts, The EIB ay if the subﬁro&eas cﬁ;r

S NS N O A v T b s doesnjt*have any—effec it the subprocess has 1id4*‘r—~
| lanother| °upprocessf hich|is executing, The II me LY beLs 1, J
‘and ecet by eXpllC t y¢teﬁ éalls;from thhin x he subr rogess
— T T Titeedfs ' T T
_B)] Interruotgkarrivinv fo% n#x uﬁxﬁxnkgqu sqx a g@ng;ng s

interrupt | subproces§ are lant and e no effect;| the|first |
e — 1a$errup%+%e»arr*venf0r a—subprocess withtthe gIBTseprdsj Arm***
[ 1.1 |remembered, isubseguent ones| are lost,,
| ' 4) Howard [justly observes that the [tree qtructureﬁ‘or Jubprdce sds
+—f—t—t—+——t—teeprves e second fuhetion; namely,; it-determines how-

‘ nodes coexist in miwrageE CM, An _undesireahle effect o

. ‘ qecoﬁﬂ se of the tree i that a subprocess which| ig logicafi
——— i lanl &meest@r~ef someother sp may be puti"offto the siﬁe‘, 11"

, | | |so as not|to cramp it"s (logieal) descendente core, | To _“L_

1 1 | " |sallvagel the interrupt logic, the ancestor must be split ‘ T

————1+—1+—1—tintera—pmell—pieece;1+to in%ereep%rinterrupbs-—aﬁé—&—main
| | | |plece off to the side which is called by the small u1epe : Lv'*“
1T T T [ | This resultc in a, urolifération of uubprocesses. T
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| Jd ) Butler Lampson 8 (BCC s?) global 1nterrupt inhlblt w*tn timep ||
| solution, B
= &lly,; there is &~GI}B—ﬁh1bhAnay be pet and cleared by
| |” sydtem |calls, | Assogisted with the  GIIB is a rqalr-time | | |

timer which is seﬂ to LIM whenever the GIIB is set, If
- the timer runs oub w§£k%4ﬁﬁke§13~is 84111l ‘eet, lerror |
pracessing| is initiated,
i) BCC allows a subprocess to set the GIIB even when it has
—elready ‘been set by a ealling spes 50y e fo
. a) the actual time| that interrupts are ldckedloum may bg
- LIM*(depth of call stacET} “roughly, i
+—+——B) the GIIB hes-to be manieulaﬁedein the call#stacﬁ,kbp*»
some other stack,
3) The scheme makep it hedesetary for

B B
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system pe*ioEI¢

| | t |
’ —%o-touch— evepy—ppocess—in thel s#stgm~(or~evemy_proceas on .
N a 1list of processes with the GIIB set) to updpte the timer, |
» rﬁ “When xhnaprmaasxx%sxiize&xﬁﬁtlmer rpng‘Buﬁ;”tﬁé‘dfﬁé1d ng |
N L s | —— proeess-mupt be fired up snd error processing initiated, Lcload
L g e ,,m; God knows what becomes of paEmrdimg any | interrupts pen ing |
on the process. Also, error processiqg has to r ‘@éﬁ“’
e e ——1—tetprevent: unées}peab}es—ipem intercept ing {the- e
(L 4)__7b15 objection to the im 1ementatiﬁn of this heme 1sw‘J
1 the stack of timers - is 1t really necescar 1 T
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‘ ' ID)| The magic, all~knowing subprocess solution, I can'i get excite ;
" || about really implementing this scheme, but 2/ rough idea follo&s;***
_4*L 41 I% ip a3 theoretically interesting solution, asit allows . | | |
o || | the pogsibility of ["suspending" critical manipulations| for | | | |
T " later completion and avoids ckiﬁg'fﬁihgé up @5@61&f§1y7 [ “1‘1"*”*
Ll L] ever -mgfé‘manipulatiohfdeemedfcriiicalkis_being performed, | |
; ' (Gonsider the & case where the system has decided to destroy | ,

"the process absolutely; it no longer seems too | importamt to | I =
Lol L | | allow the LINE COLLECTOR to terminate gragcefullydl | | | HJ, 1o
| 10| Interrupts are handled as at present, Important interrupts|
11T 1 T 1 I "‘*aféfaiféétéa”tﬁ’§ﬁffiéIéﬁtly“ﬁ?ﬁgttgiﬁﬁﬁTmﬁﬂ??ﬁ“Tﬁé‘fFéti
——+ 1 2) The prestiglous subprocess (PSP) is responsible for

\ idiosyncracies of his dependents, He decides what to |do, |
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B i 7 Ta) If PSP decides to progess the Interrupt right away, | [
—++ L | | | | there are n¢ problems (unless, of courge, he's wr o P
| b) If the PSP decides something critical might have to T |
[ T[T " be wrapped up pefore processing| the interrupt, he | | [
-+ . sets some kind of real-time timer and does a spec —+——
| | | call of the crnitical sp, warning it to tidy up, |If| |
T 1 | | | the *criti‘c’ai’*é@"fe'tums"1n‘15ﬁr£ e, fine, | If not, Wetre T
e »-%ﬁfkinutheusame¢b@g_asﬂwhen.C's 14m$rwruns;out.4- l ~F o B
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| | E) Conclusions, As of this wrniting ng,argdahgrt,9n<cqnciuginhs
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Saliegnl nsy | |
Everyone secms resigned to implementing some| sort| of GIIB witﬂ ||
+ 11— reeme sortiof-timer, but vanious people are still trying to | L
.. | |conjure solutions simpler than C. . | = | | | | ;ﬁ,LAJ,-} - R L
‘ | ‘ ‘ ‘ | ; ‘ : ‘ |‘ |
T TAlserunder-discussionis the- ]boﬁrtglef—orgam‘i'tation of the T ﬂ"“i—ﬁ"
. | | | |subprocess tree for the "typical usern", vis-a-vis! han g 1 L L 4
; of;various categories of 1nterrqpts. Nothing wor h writing| | J
1 ‘down has emerged from ithese discussions ag yét, eople are | | |
| . 8till proposing radical slterations of the current interrupt | |
structure, Boo-hiss,) | L | | | |
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