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1. The BuLuoL‘ord Liaboratory Environment.

The Rutherferd Laboratory runs an 1383 360195 under the
coatrol of Hasp version 3.1 and 03/7aVI release 21.8.

Hasp at RL has baen extensively modified to provide such
facilities as worxload control (1), setup volune pre-zounting
{2), conditional joh coutrol (3), aultiple rerote consols supvort

(4) and auvto-aaswer dial-in capability (5).

Hasp controls 2 local card readers, 4 local printors and
currently 32 reuote lines supporting 36 remote workstatioas.

The rewote lines at RL are all, in Hasp terms, *dial—ia",
though no3t are on prysical lecased lines. This allows for greator
control of reawote workstations in the eveat of line failures of

one form or anothor.

As amost lines are in  fact leased lines to particular
renmote workstations, each workstation norrally signs onto a given
line, How2ver, in the event of a line fault it may bLe possible
for that workstation to elther sign onto a de kup line or onto a

genuine dial-in line.

Most remnote woiLkstations are multileaving cpu
workstations, in geoneral GEC2050s with RL written control

projrawmns, though a few arc 2780s or cpus_running 2780 enulators.




2« dhservaed Inefficiencies.

Running analysoers on Hasp at KL show several small areas
in which znost of Hasp's epu tiue is coasunod. Turthec, it can be
detacted in user jobs that lasp often nolds the cpu for saveral
tens of milliscecoands. This obviously dons no good to a terainal

Bulti-access system ranning at a lower priority than Hasp.

The gencral areas of inerfficioncios are found to bhoe the

dispatcher and the service routians to aquire a unit ({3GETINLT) .

It is observed that a large -umber of reinote processoers
wait on URIT which when dispatched followinyg a post BHIT fall
back into the same wait on U¥IT, possibly having called 3GBETURLIT
to scan for a device on the way. These processors therefo cause

re
a high and unu cessary load ova the Hasp dispatcher and  S$GETUNIT.
The following is also noted:

(a} vhen a reader bezores active a post UNIT is

issued, as readers vait on UNIT;

(bl every processor that manipulates a job will i:sue
at least ona post UUIT;

{¢) every change of job status issues a post JOB;
(d} each job qoes through at least four processors;

e} when a job £iaishes cinting/puncuing the
J P J/p J
printer/punch is freed causing a post UNIT;

(f} nost write/read sequences on a remote  line
supporting a multileaving Workstation are
followed by a post UNIT if a post J0O3 has been
issued sizce the last transaction on that line

and there 1s an inactive printer or puunch on it.

Thzre are thercfore about 6 post U§ITs and 5 post JOBs
caused by each job. |

Further, if there is a high enough transaction rate on the




penote lians, nearly every post JOB issued will be followed by as
ma.y posts of UUIT as there are remote worXstations with one  or

more inactive printevs or puuches.

It can be seen that ina2fficient code in the dispatcher and
in the SGETUNIT service routine will irmposec a high cpu penalty on

Hasp -and can lock out user jobs for considarable lengths of tipe.

These inefficiencles have all been tackled.




3. Hasp Dis yatchor.

Bach Hasp processor is coatrollied by a  procassor control
eleaent (pre)  which contains a two byte event wait field (ewf).
The first byte of this ficld is concerned with global rasouarces
such as buffers and amaps onto the single byte Jyiobal Hasp evont

‘completion field (BSHAZ2ECK).

FURSPECY is used to post all poes. dhen the dispatcher 1is
entered, SHASPECY is tested. Ir aay bit other than tha genenal

POST bit is off a global r=asource has buan posted.

In standard HaS? the couplete pce chain is  then scanned,
the fivst byte of each esf being masked by the Lits of SHASPECY

thus clearing processor walts for the appropriate resourcos.
- L

Having wodified the ewts, the pce chain is  again scanned
but this time txe Full two byte ewf of each poe is testad. If

the edf in a pce is zero, the processor is then dispatched.

Return is nrmade  £rom the  processor to  $WAIT in the
dispatcher, Here 3$HASPEICP is tested to sez if any rescurce lhas
processor. 1If it has then

-

been pnst=d during the execution of theoe

‘the dispatcher is reantered. Otherwise the next pce is locateld
3

and its owf te . tod as above.
dOdlleatlon RHELL7T,

A simple modificatiorn which will save soae tinme, though
not a lot, is to remove the initial aasking scan and to coabins
the masking with the ewf test. This tost now beconss an NI on the
tirst eif byte which, if the byte is then clear, is followed by a

CLI on the second evf byte.

Retarn fron a processor tests SHASPEUF as before bhut if it
finds that the processor has poste& a resource the eviEs of the

i

remaining pees in the chain are then masked with the praviou

SUASPHCE belowve reenlry to the dispatcher.

If, however, the previous $HASPECEF had no globul resourcos

.




posted, thus

immediately.

produciag a null scan, the dispatcher is reentercd




4. #SL;U”IP - Gat a D”v1c\

ALl devices usa2d by Hasp have a device control tabhle

{dct) . Thoesz dets are all chainod toyether in a single chain.

Renote devices are chained during initialization such that
all devices ot a given remote workstation dare chalned
coasecutively, wiaercas all other devices acre grouped according to
davice type. If other than delault devices are generated they
are recoanended to be genzrated adjaecent to otheir devices of ha

sane type.

Bvery tiae there is a post UNIT 1ir the systes several
processosrs ars  goinyg to be dispatechaed as UNIT is a global
resource. Sone such as remote reader processors  are going to

call BHGETUNTY to tost for the aveilability of workx. If ther2 is

no cuit aveilable this call causes the comnplete det chain to  be

saanned.
dOdeludLlOﬂ RHLLQ3

It is assuned that all devices of a given typa have their
dcts generated consecutively. It is further assumed that all dgts

of a given type are of the same length.

As part of the assoembly of HASPIHIT, two tables are
created with one eontry in each tor ecach det type. One table
co! .aius the relative addresges of the fir det of each type and
"the sec Qnd Ctablaetne length of each type of det. In orler to
elliainate the test in 3GRYUNIT for the last dct in +the chain a
dursiy dct with the type X'FP! is generated following the last
geadine do

%”U‘U‘lT in HASPHUC 1s also modified such that:

(a2} scanuing of dcts starts at the ficst of the
spocified type;

(b) scanning of dcts is by increaentiny the dct

address by the appropriate length not via the




{c)

(d)

chain fiald;

scanning of dcts terminates oa detection

differont type of dot;

the test for the list det is eliminated

dutiny det follows the last geawine dect.

of

a




Y. Reuste Workstation Procousing.
J

- Ad M A LR R S e e ke Ak e e e e T e v ek i b bk i g ot .

Fach recrmote line has a line dct associatad vith it. during
initialization 08 UCBs and Hasp line nunbecs are connected elther
a

s specified to toe Hasp gencration process or as found.
Linzs can e, in Hasp termws, "ivazed® or "dial-iatk,

A "leased®" line is alwavs associated with a ivan reunotn
£ =

S wWworxstations

A Mdial=iu line and a renote workstation are coanected

via o« sigr-on seguence on that linea .

During Hasp initialization all the dets of 4 given remote
Worzstation are chalnsd together and thelr atatus sat o HOLD. In
the case o0f a Yleased” line the lina chavacteristics are
transfzred to the remote device deots as well. Line charcteristics
ara trapnsferrad to "dial-~in” repote device dots daring the sign-

on sequelto.

—

Following iritialization all +the rcowmote processors are

dispatchnei.

Each remote precaessor will thenr calbl  $GETUNIT  which, in

the case of vdial-ia" lines, will be unsuccessful followed by the
' 4

processor wai

di
ting on UNIT. This will be repeated eveory time a
post UHIl is is

sued.

¥hen a remote workstation has signed on ope cr amors  pos:
UNITs are issued causing the remote processors walting on ULIT to

ba dispavched.

Foc. every printer and punch on the renoto workstation just
signed-on, a renote processor will now successfully get a dct and
then attempt‘to get a job via the service routine 35QTET. if no
job i3 available for that renmote device the pce will again wait

T

T having set the dct  in ~a [OLD state. If the renote

worsstution iw a multileaviag cpu, a post UNIT will ke issued by

the line sanagor and the dct reset from the HOLD state oftzr




complation of the next transactioz on that line if & post JON has
been issuad since the last traunsaction. Thus all inactive rukote
printer and punch processors will be dispatched whencver a post
JOoB is issued and a  transaction, includinyg idle bandshaeiing,

completas on any reamote line.

Inactive raeuote readel procassors will be waiting on UHNIT,
dets oply beconing available when a reader actually starts
reading cards. Llunactive readers vwhether or not the vworxstation
is signed-on are therefors dispatched for evary post UUIT that is
issued.

Modification RHILUI.

To reduc= the load imposed on the dispatcher and FCSTUNIT
by signred-off renotes the appropriate pees need to be resoved

fron the pee chain., This is achieved as follows:

(a} reumste pces arc assenrbled in HASPNUC out of  the

pece chain in subsidiary pools;

{b} sign-on of "disl~-in" liues and initialization of
"leased" lines cause péas of the appropriate type
to be set in the pcoe chain for each dct on  the

remote workstation;

(c) sign-off of "dial-in" lines causes pces of the
appropriate type to be resovad from the pce chain

as and when they becoane quiesced.

A new processor, the pce panmager, is assembled into the
pce chain for each reaote pce type at the point where the renote
pces are to be inserted. This processor reumoves pees frowm  the

“chain when it is posted. It is normally waiting on KORK.

The addition of pces to the chain 1s accomplished py a
rucleus service routine (SGETPCE). This routine acguites a pee
froa the appropriate pool and seis 1t iu a held state -in tho pee
chain prior to the appropriate pee ﬁdnager, Soraally L3ETPCE

returns the pce addroess. If, houover, a pce is not available a




L

counter 1is decresented to indicate overiookiay and an ecror
return is set up., In  HASPIWII, sotticy wp peos for "leasad"
lines, this 15 ignored. However the lin¢ manager in HASPRTAM
gotting up peces during sign-on will issve a warning wmossage  to
the oporator that conteation may occur botuzen reaote devices of
a particular type. If contantion is to be avoided care amust bo

taken to ensure that a sufficient nuaber of pces are generatoed to-

satisfy all possible coincidasnt requestsa Ths ervor cola
returne froa SGETPCE is the negative of the nurber of pces of

that type currently overbookad.

A nucleus sorvice routine (SFREEPCE) is called by the Line
managerr 1n HASPRTA as part ot the line discounect sequence for

ecach device on the rewote WJornstation during sigu-ofi. IL  the

line is a "leased™ line the call to $URELERCE is bypassed.

As the processors on that workstation may curreantly be
active they cannot- be renoved ceasily from the pce chain by the
line manager. Lastead a counter is incrementesd two  indicate  the
nuber of pces of a4 given type that need to be removad and the

appropriate pce manager 1s nosted.

As the pce manager is of lower priority than the vrezote
processors, any ouvtstanding activity on a renote processor %ill
kave the opportunity to clear 1tself beforc the pece manager is
dispatched. ’

When it is dispatched the pce chain is scanucd in reverss
from the pce manager looxing for renote pces that are guicsceat
and can therefore he removed. To deteraine whethet or not a pce
is quiestont the det attached to that pee is tescod. I the det
is flagygyed as INUSE and it is still attached to tie pce then the
processor 1s still active upd cannot be reumovod. Othezrweise it is
quiescent, As sany guicscent pces as are specifiad by the counter
sat by »PEEEPCE are 1located and rewoved froa the chain after
which the pco manager again waits on WORK. 1f there ara not
onouth juiescent pees to satisfy the counter, control is returnoed

to the dispatcher but the pce manager is left dispatchable It




will therefore be restarted eacn time tih pce chain is scanned
i

until all reguests to renove pees have heen satisfiold.

If the servico routine 3¥RiEE»Cs finds that overbookiag has
occurced the appropriate ovecboor counter is incremented hut as no

+

pere needs to be freod the pece manavelr 1S not pested.

Th2 pce manager in counjunction with the soervice routines
$GEI'PCE  and FFREEPCE theretors maintailns as many poes as are
necessaby in the chain to satisiy all the regote @davices oo

"leased" lines and signed-on "dial-in" lines if at all possible.
Modification RIBLUB.

Each "leased" line or signed-on "Jdial-in"  line processor
that is inactive dis dispatchoed every time a post UNIT (for
readers) or JOL (for printers and puaches) is ilssued and calls
$GELUN"T to scan the dets. A large proportion of these dispatchas
will result in the processors returning to the same state, the

dispatch aad call of HGETUHIT having been wasted.

Evenr though the overnedd in BGETUNIT c¢can b2 dramatically
rﬁduﬂpd by modifigation RH“LLB previuosly dascribed, several dots

will still neced to be scanned on each call.

Hodification RIEL4Y 1s enhanced to reduce this overhead as
follous:

(a} when a pce is set into the pce chain via $GETPCE
it and the dct of the reaote davice cotcerned are

CLoss couancetbed;

(b)) HBASPRDR aund HASPPRPYU are modified sn that the dct
address 1s  aguired from the pce as set up above
and not via IGETUNID:

{c} CFREEPCE =.:%s a flag in the pc2 associated with'®
the specified det to indicate that that pce is

one Lo be freod;

() "tihis flag in the pce is tasted by the dispatcihor




bofore each pece ig tdigpatched. If 1t has been sct
on as above and the pce 1s  guiescoent then the

dispatch 1s bypasssd and tne n2xt pee serviced;

{e) thoe rewmote pre manayer tests for the flag set in
the pc2 above haione tosting to sec Lf the poe 1

quiescant;

{£1 if on entry to $63rPCY there ate one O Aore poas
waiting to be ifreed, the pea conrccted to the det
is located. If the flajy has buzen set in the pee
by SFRELPLE  as  above and the pee points to the
dct, the flag is cleared, the free count
dectrenented and that pece usad instead of one froa

the pool;

{4) enouqgh pces should be geneoratad to satisfy all
coincident requoests as =2ach pee will only operate
on that renote device to which it is attached at

- sign-on tine v initialization. Then a pce of
the appropriute type is not available to satisfy
a regquest to SGETPCHE overbooik 1is not permiti=d,
unlike RUHELH9 where it is. A code of zero will
be returned and the line wanager will abort the
sign-on, rewrovinyg any pces already aquired, and
“infora the operator.

Modification RUELS2.

Duriny channel ead provessing following a transaction with
a remote wvorkstation, the lLiane nmanager checks for a4 norzal
response.. If it is novaal and JOB has beoen posted since the last
transactioa on that line, every inactive printer or punch on that
readts vorkstation is reset from the HOLD state and a2 post  UNIT

issucd.

The number of posts of UNIL in the chauiel end  processing

"are reducad- ag follous, basel on aodification HHBLUG:




Q

(a} when an available printer ocr punch det is  found
on the line, the attached pce is posted oan UHLT,
thus naking dispatchable only the appropriate

pces.

1t can be noted that, as the pces posted by the channel
end processing ia the line manager are of lower priority than the
line manager itself, the geueral POST bit in  SHASPECY doos not

necd to be posted.




6. EFRBUNIT DA = Fre= a Dircecht Acoess Device,

- - -...—..._..-.._._-.-—_-......._..__..,__.,...._—........_.__....._..,_.......-....

3]

Bvery processor that manipulates a dob reguires the usc of

a direct accoss dct.,

Ensugh dlrect access dots can b gonerated to dtl"*y all
pessible reguests. Thus no processor need vait for a direct
access dct.

Urless the det 1s in a HOLD or DRAIN statz  when  FPREUNIT
is called, a post UiIT i3 issued. ASs no processor sets the direct

access dct in either of those states before calling IFRRUNIT a

post OHIT is issued evoery tige
Modification RH nL)G.

It is casured that enough dirasct access dots are generated

to satisfy all possible coincident rejuests.

BFREUNLT 1s nolified to bypass the post UHLIT when the det

is a direct access dct.

The first printer/puech processor to be dispatched
following a warm start updates control bLlocks From the chockpoint
arsaa. kRuy printer/punch processors dispatchbel during Lhis
updatiny arce set to wailt on UNIT. As the post UUIT is removed
from “ REJULT for direct access devices, the call to free the
device wused by the updating voutine must be followed by a pdst
UdTIT.




7. Inmplorcontatica.

All the described modifications are indepondant with the

excaption ¢

o

bt RiLLdg whica enhances RUELL4T, and KHZL52 waich
depends on RHERLUS.
H

Modification RilEnLu7.

e e e W e e e e e e e

fiodification RUEBEL43.

wl a

Th2 FGEELUSLT modification involves the following changoas:

{a} HCT - the Hasp Cowmaunication Table is extended Ly
one word to conftain the address of the tables
set ap in HASPLSIT to be used by SS3ETULIT i
HASPRUC;

{by NCT - the Device Control T.:le macro is azodified
to define a ma¥isum size to be usad for the
Ci

DCT tables in HASPINIT and {(ASPND

{c) HASPINIT - the 3GERDCT in-line nacro is aodificd
to create entries in the DCT tables as part

of the assenbly;

- the DUT taples are defined imuediatelv

- a dunny DCT is  defined immediataly
following the DCTs;

-~ the HCT initialization is extended to
set the DCYT tables address in the HCT;

{(d) HASPHUC - the BGETUNLT service routine is changed

to make usce of the DCE tables via the HCT.




dodification

The basic

RUTL 49,

saote

-+
o
w

drvice pce wmodiflcaticu involves

following chungas:

(a)

(d)

(e}

(<)

(9

(h

(i}

SGEVRCE - a macro to ¢all the IGETPCE sorvice

routine is added;

SFREZPCE = a #macro to call the EFPIEE2E sorvice

roatine is added;

SPCEGSET - a macro to define the ACETRIE
routine is addeld;

$PCETHREE - a macro to define thae IPREFRPCE scervice

rottinn is added;

LFPCRAAN - & macro to definoe tha poa
added;

Pc
Vi

ranager

$PCERTAN - a macro to da2fine the actioun to he
taken by the line wanzxager whon a poe is not

available during sign-on is added;

HCT - the Hasp Communication Table is extended by

two words vhich contain two branch
instructions into the service routine

interfaces;

HASPINIT - remote dect initializatlion is modified

to include a call to SGETPCE which, in the
case of a "leoased" line romote, will a2t a

pce of the appropriate type in the pce ciaing

HASPRUC - tho 33ENPCE macro is rodified so that

renote pce.: are  asseabled in  subsidiary

crains attached to the pce manager;

- the nuxbers of remote pces genercted

are defined as global assemcler variuables;

~ interfaces to the soervice routinos are




defined within the range of the Hasp base

reyister;

- the sorvice routines and the pcoe
managoer are assenbled at  the end of the
HASPWUC c¢ode prior to the pce chain

definitions;

- & pce for the pce manager of each typz
is assenblel in the rain pece chain following

the reacte pce chain definitions;

- the remote pce chains are terainated
uslng the global assembler variables defined

above;

(3) HASPRTIH - a call tec #GETP2CE is insertad in sign-
on processing followed by a post of the

aguired pce;

- the action to be taken when a pce is

not availabkle is defined:

- a call to 3IFREEPCR 1is 1inserted iu

“dial-in" remote disconnect processing.

Hodification RHEL4G.

The enhancerment to “he renote device pce npodification

involves tho following changes:

{a}) SPCEGET -~ the s=2rvice routine $GETPCE in  HASPIUC
is wodified to diseliow overbooking and to
use the connected pce if it is waiting to be
fyeed;

- SGETPCE is furthar zodified . set the
DCT address in  the aguired §ce at locatiun
PDCT (if PDCT in the print/punch pce and
KDRDCT in tae reader poe atve not the sane an

assaenbly error  will occur}) and the pco




{(h

{c}

(d)

{e)

(£}

{9}

$PIRRTAN —~ the action to be taken wheon a  pee

address in the DCT;

IPCEFREE - the service routina $FREEPCE in
CHASPWUC is wodified to flag the pee hoing
freed:

$PCEAAN ~ the pce wmanager in HASPHUC is modified

to only free pces if they have been flagged

[N
tn

not availablz duaring sign-on in HASPRTAU is

replaced;

Hispouc - a test is insert=d in  the dispatcher
before a pca is dispaiched in order that the
dispatch cun be bypassed if the pce is  about

to be iceed;

BASPRDR ~ tha call to 3GEPUSIT 1is replaced to
aquire the rewote reader dct fronm lccation
RDRDCT in the pce;

HASPLRIPU - the caulls to $CGETUNIT are replaced to

aquire the remote printer or punch dect froa

location PDCT in thz pce.

Kodification RIRLS2.

- an we e e - —

Thz

charsunel end preocessing nodification involves

follouwing changes:

{a)

HASPUTAM - the reader and  printer/punch  pce

worrareas are defined;

- the post UHIT is replaced by an NI on
the ewf of the pce attached to the selocted
dct. This NI is the first instruction of the

normal $POST macro.

tha
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Tha $FREUNLT modification involves the following chanyos:

{a) HASDPELUC - a4 test for a divect acc=s3s debt is
insorted immediately preceding  the SPOSY
UNIT;

{b) UBASDPPRPU - a %HPOST UNIT is inserted following the
call to SFREJUIT to relasase the direct acceus

det vusad in the wars start initialization.




8. Obgervad Taprovanents.

tL, o soue 12000 qdobs are wun in a weok with apout 509%  of

the jols belng submitted via Hasp 308

Hormally ahout halt of the vwvarkstetions avre signed on
H
giving a load of about 20 repote rcaders, 22 resote printers and

18 renot2 punches.

Taz total workstatioa transqction cate is about 4 willion
transactions a  week. During the day this corresponds to about

60000 traasactions an hourd

Baefore any of the described performance nodificutions veore
tuplesented the dasp cpu  time was ruapning at up to 20 hours a
week, rhoe overhead for eacn job was therefore some 6 soezonds  of

cpu time,

Bhun the SGETUNIT goditication was installed the dasp  cpu

time feli to about 7 hours a woek giving an ovethead per job of

2.5 seconlds of cpu tiaoa.

The othar weodifications with the excepition of the channol

ead processing nodification vere installed toyether and causcd a

further {all in Hasp cpu tine  to akout 5 hours a w2ek, the
overhead dropping to some 1.8 seconds of cpu time por joba
The installation of the channcl end Processing

modificaticn brought tha flasp c¢pu tinse down to & hours a weok
v

ing a final figure of 1.4 seconds of cpuv time par job.

An overall erformince improvenent of some 75% has
therefore hoen achieved by the described moditfications on thue E
IRy 360/195. This improvement should bLe attainakle at other
installationss 1f  taey have a large llasp RJIE netvork and a large
nunhar of swall jobs as at RL.

e w1




Relarcncos.,

{1y ZJorbik - WHorkloud Control ou  the Ruthertord
Laboratory Central < Coumputoy
N.1.Curiis RL/775/102

(2} SEIUP = Proallocation of Mousteble Deovices onr the
kutherfiord Laborateory Central Conpuater
A.R.¥ayhooX RL/e o/ ena
{3y A ®ulti-Job Facility A.3.Hayhool L/ ees/asn
(%) UASE Remot2 Statlon lapdliang and Onrline Consoslo

Support P.M.Givard  RL/73/7074

(5) HAS? Renote Lina Auto-Answer Capablility
P.li.Gizard  RL/<./eas
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