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ABSTRACÎ

A simulation of Univac 1108 hardware

is writt,en for the IBM 360 Model 65. The

simulation includes an 1108 Assembler,

Loader and machine code Interpreter.

The objective of the Project is to

design and develop a system that will

assist in the educat,ion of Computer

Science students.
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INTRODUCTION

dynamic relocation of addresses or paging. Simulation is an

inexpensive method of illustrating such design differences.

The simulator enables students to compile, load and

execute programs written in Univac 1108 Basíc Assembler

LangUage. Generally the user is unaware that' his program is

being executed bY an IBM 360,/65.

The objectives of developing the 1108 simulator are -

(a) to make the student of Computer Science aware of

different computer designs.

(b) to familiarize him specifically with the univac 1108.

Appendix v gives a general descript.ion of the 1108.

l1O8 programs may be written in executive (supervisor)

and,/or user modes. Using the system gives considerable

insight into the functioning of the hardware and the

Executive. A suggested student exercise is to compare one

specific area of the 1108 with the 360, such as character

string manipulation. He can comPare ease of programming,

number of instructions, main storage requírements etc. The

current simulator does not time execution but this could be

included to give a more complete comParison.

i1;î,: Tliis.-;tpresentation includes three sections which describe

the simulator. It is suggested the user omit Chapter III

and concern himself with the User Guide (Chapter II) and

Sample Programs (Chapter IV). 1108 Manuals may be needed to

supplement this description (see References). Chapter III is
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directèd to the Systems Programmer, for purposes of program

I maintenance and additions. Conclusions and future

I clevelopments are discussed in Chapter V.

t..
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ChAPtCT II USER GUIDE

Thís chapter contains several sections which dêscr.Íbê the

simulated Univac 1108 in detait. Special attention is given

to the differences between the simulator and the actual 1108.

Differences have been introduced for two reasons.

(1) A different approach enables characteristics of the

hardware to be better il-lustrat,ed.

For example, main storage modules in the simulator are

smaller than in the 1108. BY reducíng their size, it is

possíble to have multiple storage mod.ules and thus

completely represent I108 addressing.

(21 some variat,ions help surmount programming problems

in representing hard,ware operations.

One of the major problems in d.eveloping the simulator was

in representing a hardware interrupt. In the ttOS an

interrupt may occur at any point in time. An instruction

which executes in more than one machine cycle may be

interrupted and re-started later. Programming thís into the

simulator would have been an impossible task. Hence the

simulator handles interrupts a litt1e differently. An

instruction cannot be interrupt,ed during execution.

Therefore any interrupt that occurs will be handled after

the instruction in progress is completed.

Section 2.1 describes the 1108 hardware that is simulated.

Examples are Provided to clarify the operation of the 1108.

The 1108 instructions implemented in the simulator are

I
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USER GUIDE

presented in Sectiorr 2.2. This section is included for two

reasons.

(1) The User Guide is intend.ed as a comPlete description

of the simulated 1108, and is to be used in learning

to program the simulator, and for reference. Appendix

III provides an alphabetic list of all 1108 instruct-

ions. Those that are included in the simulator are

cross referenced to Section 2.2.

(21 Each instruction is presented in a notation which is

clearer and more concise than that found in any of

the manufacturers manuals. once familíar lrrith the

notation (see Appendix III) the student will find this

method of presentation facilitates both learning and

. -,.;,reference.

Sectíons 2.30 2.4 and 2.5 describe the three programs that

form the simulator. Of particular interest are the program

debugging aids that are available (Section 2.51. None of

these is províded in the Univac 1108.

In preparing job control language the user is aware for

the first time that his program is executed by an IBM,/360.

To símplify thís process all JCL usually required is listed

in Section 2.6.

Errors d.etected by the simulated Assembler are flagged as

ín the 1108 Assembler. Unlike the 1108 Assembler, however,

the position of the error is marked in the simulated output.

Some errors may produce IBM error codes ínstead of 1108

messagles. The reasons for this and. a complete list of errors

are provid.ed in Section 2.'l .



SECTTOTd 2.1 ST}.IUT.ATE]] 1]-08 SYSTEI'I

l.ianv conf igur:ati ons of inciividual 1l-0I colnnonents are

possíble. For the purposes of this simu.l-ation a very si¡r.ple

conf iguration is used. Lilçe {:he cornT:¡uter itsel:f , t.he

sirnu-Iator is mod-rila-r, such that futu::e expans.r-on is

Fossible. Chapter V discusses plannecl aclclitions tha-t r,¡.i l-1

help to j-m5:rove ancl sophisticat.e the simu.lator.

The siurulated s1'stem has a unit-ni:ocessor (consisLi-ng o:f

control, arithraetic and inpti-t/outpr:t sections), t',.:o :¡r-ain

sLorage nodules, a card. reader atrd. line pt:i-n'ber.

1. r.lArid STOP*qctr. ¡51

Each 110 B ¡nain st,orage mod.u-le conta.ins 32 ,7 6e 3 6-b-it

worcls. The simulator has tivo modules sc the user ca-n

fanìliari-e himsel-f with a-J-terna-te'i.nterruif- a,id.¡iesses (see

late:: this section). The nod-ules a-re r:et'iuce,-L in sj-ze tc:

4096 ivord-s. Thus vali-c-r' ma"in storacr-e add::esses ere3-

C A to L7777 B (o to 4095)

100C'00 B 'Lo L07777 B (32768 to 36$63)

Note that add,resses 20000 B to 77777 B are 'ìnval-i-¡1.

Tirere are 128 control reqi-sters r,¡hose add::esses are 0 to
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I77B, i.e. the sarte a-i-cl-resses as the fj-rsÌ:128 r';o::d"s of nrain

storaEe. 'iost aC.dresses lesr than 200p refe:c to conÈ::o1

registers a-nd hence the na¡ne "I'iiC.cien Storagerr - the first

LzB \n¡ords of main storage. An adciress refel:s to hi-'l-ilen

sJ:oreçle ra-ther tiran a- control regis'te:: v¡hen

(a) the adclress is obt.aineri fro¡l the l?-::eciìsi-er: (ltrcg::a.l:t

:1,CC-ress Coun'ber) i¡¡hiclt con{:a-i-ns tl:le acl-.Jress of lhe

next sec;-i;-en'L.ial- -inst¡:u-cti on (¡lI) .

(b) t"he a.i.rl::ess is 'i:l::aì: oj1 a. r.vcr.i ::eference'i- Cti-::inv-

j-nC,irect. a-C,;Lres s -iirçÍ s e cl.r ence .

(c) {:lre ad-rlress is '¿itaJ: of e worci ::e:fer:enced h'r' t-he

Hxecuie instruction.

Certain locaLi ons -in nai n sio::age e-::e usec], ner¡ranenl:l:t a.s

ì-nterrupt hanclJ-ing rout,'ine entr;,'z points anä status t¿orc"l.s.

The fixed add"res.s a-ssignments u.seci j-n '{:he sìmulator are

listed ín Tal:Ie 2.1.1.

The r,'a-Iue x is obtained fron the i,Íenio::ir Seleci P'egister

(Ì'ISR) . It deter,:nines the s-uorage r-oclu.le used.. i'jith tlo

storaEe raodules the only a-lLot¿al:Ie values of C (l{SP.) are 0 oY

1 . For exarnple, if C (.MSR) =1 and- a Guarri l{ocle Tni:errupt

occurs the slzstern r.¡i1l trap to a]:solute locai:ion 1-0C2¿t3g.

Initially C (i"iSR) =0. The l:1SR can be loacled v¡j-th tire Sf L

(Select Tnterru;ot Locations) i nstn:cticn.

2. cgNrRor sEcËJoN.t0l

The Central Processi-nç [ini.L (cprj) :fo1'lor¿s ih"ese s{-*eps j-n
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Octal- Ãcl"ilress
>;0C200

>rû0220
:;0C22f
><a 0 2,22,
x00223
xûC241

x40242
>i00243

x0C244
xAC247
:r00252

Ta.ble 2. 1. I

Sj ïlii;I-,A:i]tÐ 111 P SìilÊ T'IÌ i

I cq i nnr,ran*.
: ¿r.:Lç¿¿ e

CFU exte::rral inte:r:i:ir"Ft s.ra.i-u.s
worCl
ISf i nnr',t r",r"on j-to_r-- i n-ter::u..lri-
TST otri-irlr 'l- ,-.inni -i-nr i n.í-nrrrtr4-'-"'*1..
fSI function ¡,,r.oni -tc:i: in'i:er::upt
fSI e>rternal i:rterrupt
f llega I in..;trtr-c'b-ì-on falr-l i--
i n'l-r-r'i rrn*
Ilxecuti-r.'e ::etur-n i nterri_i-.Ft e

G'rr.ard- rriod-e/S tora_g-e protec.b..i.on
fau-lc interrnot-
Tes{: ancl set i-r'rterrr-r¡t
Ilir¡iCe fault ir:terru¡:t
Il¡irleinentation internrpt

. Fixeci Ä"c].d.ress Ã'ss ì cr¿irents.

lss = þg Þs lzr lltrs ol
f. j a_ xhj- u.

ç-
f--

J_

:îuncticn coi1e.
^.-^---,1 Æ.. ^'t .: .tr 'L)l)el''ancì Ç_.ua]. I i. l_er , rql_nor-
function co,*ie.
cont::o1 regì s'ter spec-ì-f icatì r:n.
incl-ex regi sls¡.
inc"e>ç regis'b.er increnent.at:l-on
ind.i s¿¡6¡.
inclirect a,d.dressing bi-t.
operanci- add.ress.

-1. Tnstruction iùord Forma-t.

a-

hr! -

l1

i:..-':.Ì:::

ptôl1Fô ) |aa¿a

l¡ s rshz ol* xi-

Ei and X:ri l.roth halfrr'ord. signeC ini:egers.
Figure 2.L.2. Inciex }register Forna.{;.

){m
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the executj-on of a prociram:

(a) An instruct.ion is transferrecl fron r*a-in stora-ge to

tire control sect-ion of the CPij. llhe aCdress cf this
j.nstruc.t.ioniso}rtainedfroin't}rc}?-reqis-uêI¡'¡¡hich

l-t,ì,

ís initiallr¡ set bv the Loacler ancl i-ncre::ienterl l::¡ l''',

one until a- progirart jurnp or CPTI inÈe::rr-rpt breaks the '

c ãñ11ônñô - 
,.(b) The instruction is then d.ecoded and the instrucl:ion ::

ef f ective addr:ess computed. 
:.,.

(c) The ope::ation specified by the inst.ructj-on is then I

performed.

An 1108 ínstruction occup-rl-es one 36-hit worä
ì

?he i-nstructì on viorcl formai is illusirai:ed ín I"'i cure f

2. 1.1

The following paragraphs discuss the ¡nos'b. ttsual- use of

each sul¡fÍel-d of the instruction. Var-i-aticns to this are

found- in the d.efi-nition of each instruction (Section 2.2) .

I-Il-el_ci

The f-f ield Cef-ines conple'Lely (0 . f < 70S)

pa::tia1l1z (f t 70e)

the operation to be performeci b¡¡ the CpIl.

FOr f > 70, .r-tra ç =nA ì fiel-cls d"ef.i-ne the ot,e:i:at-iOn.
¿t 

Lrr\r J -i-:çr-\Á¡

j-f ielc1.

If f < 70gr the i-field j-s usecl- a$ a operand ci:alif ie:r.

For j su.ch tirat 0e. j 38 or 10g < j < I7o tÌre value

d-eterrrínes a specif j-c patì:ern for data Lransf er fro:n rnaj n

11
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storage to the control section or vice-versa. For j such

that 4, S j S 7g two different patterns are possible. The

QuarterWordIndicator(a!ü)intheProcessorStateRegister
(PsR) determines which pattern is used. Tables 2.L.2a and 

r

2.L.2b give the data transfer patterns for varues of the j

j-field and QW.

!{tren the effective main storage address is less than 2oog 
;

the value of j is assumed equal to zero. ,

If f=70gt the j-field and a-field together specify a :

control register (Og S jra s lZTg).
If f > 7Og¡ the j-field is a minor function code. i.ê. f 

l

and. j together define the operation.

r â-field
, 

--- - !l-a J 
-^r --. - - ! ¡ r 

:

The a-fíeld selects either an accumulator (A) r index l

i register (x) or control regíster (R) . If the instruct,ion
i uses two or three accumulators then the a-fie1d explicitly :

t'i references Aa and implicitly references AafI and Aa*2. ',-,..:

, Table 2.L.3 shows there are two set.s of accumulators 0 :

: 
t'

, index registers and R-registers. D6 (in the PSR) determines

which set, is used.

If D6=0 then A values are 12 27',., ì.,

_t XlrnO_Is:r

R ' ' 64-79
If D6=l then A values are 108- l,23

xrr'97r11
R ' ' g0 95 

,

The latter set, are called Execut,ive registers.



OCT.I{L irltcii''.t.L
P::ocessor State ileciste:: (i-elin. st.craqe) ti

t f

t< '1 l

14

1aLI

( orre:l J-a¡:)
1)

ar

?^ | ì_,

S ixteen i'.ccr-l.r,ru. l- ator s ( r".- iìegi s ter s )

33 27
?/l

(not used )

'7 1

1-0 û iìeal-Tíine Clocli (n0 ¡ìecris'ter) 6¿t

101 iìe¡:ea-t Count Recrj-si:er (F,l jieciiste::) 65
t02 iiask lr.egi s'¡p¡ (P2 îeo-i-ster) 6€,
r03

L17

ã7

ll'irirteen Specia-l R.ec¡-ì-s¡srs (i-nçgisters)
7q

12a

Sixteen i>lecntir¡e Spec.ì_a.f- iìeq_ì-sj..ç3;s
( sane ¿ss i gnnents a.s P-F-egis'iers )

L37

rf i,!

9a
t40 lion--Tnclexinc{ Reciister (X0 F.ecister) '-l 14

1 lt 1J-TI 97

Fi-ft.een Ë>çecutive fnd.e>; F.et¡is-ters

153 I0?

L57
(over-lap)

10t

111
16û 1l- 2

Si>cteen E:¡ecu'Live,Accum.u]-atcrs

L73
17I+

L77
(not u.sec1,)

12 t!

t27

Ilai:1e 2. 1. 3. Cont:rcl l?erii-si:ei: ê,s:-:i"rìr-'ì.nen.'rs.

13



SI]"'IULA^TED 1L0 I SYSiEI''l

x-field

If x=0 then no inCex reEii sts¡ is er'"ploye,j in ef ;tective

acldress calculat.i.on.

Ïfxf0,thenitse1ectsa.nj-nc].e:çreq.is.|.er.T]ne1or."¡

l8-bits of th-is regì-s¡sr contain a sìqneci, n,,-tr,ber whj-ch is i

used in cornpuLing the eFfectìve ac1dress (see Effecti-¡e

Adl-cli:ess Calcu.l-at.ion J:el-or*) .

h-field

ff x=0, the h-field is no.L usec1.

If xÉ0 r h=0 then the ind,ex registe:: reniai::s unchanqed

during the effective ad-d.ress calcu-lat-ion.

If v*A t ir=l then the i nd.e:ç reqi-ster is ì ncrelnenteij- af ter

ít has been used for calcu l at-ing ef f ective ad,i.ress . The

incrementation process Ís d-efi-ned- as

C(Xi) + C(){rn) = C(Xrn). (see F-1gure 2.:l-.2)

i- f iel-d .

If i=0, the valr-te Þ1ays no siçlnificant ro_l-e .in the

execution of the insi:ru-ction.

For i non-zero, j-ts rneaninq depends on the Base RecrìsJ-e-

Supi:ress;ion krit (D7) of tire PSR.

If i=l, if7=0 then inCi::ect addressi nn: ì,= qrìÉìrri Fì 4¡'! (see

trf fectii¡e 7\ddress Calcu-lation belov.r) .

Iî i=1, Ð7=l- then the acl.dress ô-s calcr;laterj, is an

absolute address ancl the J:ase regi s'Ler contents are not

added. IJse of Lhis is hest seen bv il-lustrati-on in samnle

Problen 2 Cha::ter II/.

I4
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u- f ielcl.

The r-r-Íield is nornally usecl- to adr'l-ress ân onera-nc'l-. llhe

I6 bits forn an uns-ì-g'necl. posi-i--i"-¿e in"teçier i¡zhj-ch j-s ari,leä

inLo the effective address calculat'ion.

Exceptions are sþì f t instnrct j,onç ancl- {:he Exee'.rf-i:,'e

jr.eturn i rrstruct-ion.

PROGF.å-¡II ADDPJSS COUþITI-11R (P-i:ecl:'-s te:: )

The P-register is an 18-1-.'it reçristei: which conLains the

absolute address of the next insLructìon to be executed.

I::nrnediatellz af ter an i ns'Lruction -i-s fe'Lc]rec=, :f r:on ina-in

sto::age ti-le val-ue j-n the P-::e,;ister j-s inr:::ei:rent:erJ. i:;¡ one.

,a ilrnn or sìrii3 inst::uction ¡ralz fu::ther: alter t'l:le coirtents af-

the P-::ec;is'l:eï. -à jur:t.c -bo I is çffsslis¡]. þiz I = C(p).

I,:hen an in'Lerrupt occr:rs cont::cl is passed to a fi;<ed

location in main sto::age. The conLents nf 'r-hr¡ Ð-r-r'-ister is

not changed. The fi::st ìnstru-ct-i-cn of the inlerru¡rt he-ncl-l-e:ç

m.ust save the P-register. Tlsua-ll.¡ a SL,,f (store location anil

jurap) or Li,:ÎJ (loa.t1 nr"odì f ì er auc'l- ju-n¡) i nst::uc{:ion ì s

execut.ed at, the tra.p J-ocation.

Subrout.ine call seciLlences :

. ¡:ainIj-ne i-rijogra-l:rì

SLJ ,RTl'l . C(?) = C(lìTr\i), junn l:o F.?t:l+I

IJ

.:
i

15

RT}';i
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J *RTi\Í . return to :rr.ainline

\Ll . naj-nIine Ìlroc'irar¡l

LI4J X6, RTil C(P) = C(li6) ' iut-r.c 'Lo RTil

RTIT 0 . the rout,ine must not d-estrov reEi s'l-6r 6

J ,1{6 . return to nainline

EFFECTIVJT ÄDDR,ESS CAI,CTJI.ATTOIT

The iolJ-ovring is the seqrience used ì n ef fective aCclress

calcu] ation. Instruci:ion adcfu:ess obtaineil init-j-allr¡ f rorn

P-register.

1. resultl = u

2. if >r : 0 contínue at 6.

3. resultl = resr:ltl + l(x nocli-fie:: (inciexina)

4. -if h = 0 cont,i nue at 6.

5. C (Xi) + C (Xrn) : e (;tm.) (inC.er rnodif i-cation)

6 . if shif t instruction and i - 0 ccnti.nue aL 1"5.

7. if f < 708, j = 16gr LTgr an<l x = 0 then continue at

9. (usi-ng l8-l:it u value) .

B. if D7 = 1 and i = I then continue a-t 15. (abso'lute

addressing)

16
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f . if resul tl > BS tiren continue at 12.

10. resultl = resu-ltl + BI (instrnct"i,on J¡ase ad-ced-)

11. conti nue at 13

l-2. l:eÍ;u-l_i:l = resulf-l + Ril (C-ata ha-se aclc1e,L) 
¡,,,,,

l-3. if f <7Q, J = l-5, 17, anC x = 0'Ll'ron conLinue at':'
'tR

14. if i = 1 th.en use ::es'*t-ltl to arj,3ress a-net-her r'¡orr;1.

and contìnue a.t 1. (indirect adc-l::essing)

15. E = result] (.final effective adclress) .

The feaLu,:es of th-e acldressj-nr: sr¡$i'o- cf r-l-¡'e Lt0R are

l¡ ) i nrli rect arJdressincr to a.r'l\z ]evc1 .\L:/

li;) -i.näe;< recliste:: mcdi f ica,tion.\.¿ '

(c) absolute ad.d.ressìng cpti-on.

(d) Jrase reçiisters ena-l-rling d-t¡nanic reLoca-t j-on of

proçiralns.

(e) 2 k'ase ::egisters (one for ìnstructions, one f-ar

data) r+jth. separa-te s'Lorase l-i-r.rits checlring.

3 . AP.TT!T},{ETIC .CEC:FTOJ'I i 7 .I

110 B Är:l.C,er

The 110Él .l"d,cLe:: j,s Ones co:.lï:1ei,r.ent slrl:t::actj-ve ad"cier th.a'{:.

is used f.or a-l-1 f ixed nojnt ariF-h:.¡.etíc operations. It

onerat.es r,.;ith either 36-hit or 7z-bíL r.:nerands.

it¡
i,..,

L7
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Fixed point ad-d,ition and sLrhtraction

CerLain ìnstruct-i ons can resul-t ìn an o\.¡erflov: rf:: carr\z

cond.ition. These insiru"ctìr:ns init-iaI-i-ze tlie overf lor..¡ ar'-cì,

carry indicators (rl- and. D0 in PSIì) to zera. The ind-icators

may then be set t hir the arithmetic.

The overflorv lrit is set 1 ¡,nen the si.cn of ti:e -r:esul.-r- :l-s

al-cíehrai-ca-11'¡ i ncons i-stant .

vaz.

Addition

.Add liega-tive

(Sul:traction)

Tho r':arr:z þil is Set

during the execution of

viz.

Addì ¡i,rrt

^r1r1 
lJarr;.rJ- i rza
;!!,]\4

(Suhtraction )

Fixed-point nultipl
There a-re three

I ¡"¡hen an end-around

the -ì-nstru-ction.

Âugend

+

Ì{i nuend.

+

,Auc¡enc1

+

l,-ninuenci.

T'

Add-end

+

Subtra.h.end

+

Addencl

+

Subtrahend

I

Result

+

+

Cð-ïf'r,¡ u9uu! Ð

Res'"i1t

+

{-

ì-ca-tion.

fixed point. multipl1'

T

T

++

+

18

instruct'ì ons.
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la) i'tul f ir:iv Intecrci: c¡i.¡es a. 7z-nit" res'.l lt storeci i,n ti,¡o\É,

consecut-ì ve a-ccunul.atr:rs .

(b) ir.ul-tj-ply Írinqle Integer sto::es onI1' t-he 3f ri-glitm.osl:

i:its of the i:rocl-u-ct. The )righ r:rder v¡ord. is l-cst.

(c) i{ultip-]-y Fracti-onal is the sane as li'¡lt.ipl-\: Integcr

un"ti.l the resu'l t is stored. For this instruct.ion

the 7z-]nit nrc'cltrct- i-s left- sl';if teci. ci-rcul-a-rl-r' one

l:it nositi on prior to storì nq in tvo consecut-Íve

accumulatcrs.

For the tr.'o i¡ultinl',' integer instru.ctions , :-f,

ac€rarrd. l:as an inpl-i.ed J:ina.r',¡ no,int. to t,l:-e riclht-

ri.ghLlaost l,i t then the p'::od.uct- has aÌi Ìr-rp-1-ici'' l:ina::"

to the riqht of the ri.ghtinost hj.t.

For the nultj-:pl::¡ fractiona"-l instruct-ì-cnr j.f na.ch ope::and

has an i*rplied J-;:inarl-' noint" to the left of t-he left:nost.

naEnitude l:iit (i.e. be¡to**t't l:its 35 a-nc1 34) tlr.en title nrod.uct

has an inplied Jrinarv point to tl:e left of the leftmost
l

magni'tuCe bit..

each

of tl-rc

noi-nt

t.._
t:-i

Scaling olrerands ca.n be done either

exaraple to r.u1-tiply

t1ñ or do\rr:1,r. . Iro;:

¿,

/t
J:,

2.75 h1' 3.625

i.çr. ll.l_1 _ hy l:1-.lll
2

r.^rÊ ca.n proceed- in ei1-!r.c::

-)1(1111) 2'. :i (11111) 2-'

^r^.!-/1n1'r 
- -ñj.åL/v,- \!.,r.1 ^ I11fl 1)2

u-sj-ng nult int
_t:= (10c111111) 2

= 1001.11111
2

2

r:lf the foJ".l"ot'¡.j-ng r¿,nr,¡s;

1
(0 . lcll) 2 " >; (1. l-1.111)

Ðrod_: (û. LCI1_r- ti î. 11101_

using m.u.lt, frac

= (0. _r_snl_l-t-i1-l_) 2 
¿l

= lfl0l_.11-i-t_l 
2

I.

t.

19



..ìì::ir,rÌ:,i:1i::ii::..i;::i.:j,;j:rj;i:'..;:3:i:.:Æ:i::Íi,li::it*:l::1:i.:þi;:Èl jttr:l; .t:::- :.
a\a:::.:!'.:,

$YSrtr!i'¡.

= 9.96875

Fj-xed- point di vì si on

i'l:e::e âre thv:ee fi:<ed Þoi-nt divide -i,nstruct'ions.

(a) l;ivicle Intcge:: givcs a 36-hi-t riirotj-e:rrt and. a. 36-brt

-Ì:enainder stored i n tr¡o consecLrtive accuinu'l ator:s,

rr.r:'l a¿:ì ncr thr. ori ai na'l 72-Ï-.i-t divillcnd.&vj_/¿ç:v{-¿¿j./¿r:t

lhì Di r¡i rla lrractional lef t shì f ts ïocrical-l-\¡ tlie riivid"end\"i/

r:ne J:i t position pri cr tc the d"ivj-c],e. A 36-hii

qr"r.oti-en'b anr:-'l- a. 3 6-Ï:it re:naind,e:: ô-re storecl .:l.n

" consecuti r¡e .accüríìuletors , l:enlaci-ncf the o::-i-gina1.

7 ?-itit c'li-vidcnd .

lr:l l-li¡¡'i r-'i o linrrlo F.rrar:J- ional left sh_if+q locricâl'l\,2 +L^
\\// ,..'-Jl\1 ¿1= ,l ¿qV(-.L.til:<¿¿ ¿Ej L ,),.i-L-:-;J -L\./\r-LVL¿¿-r-?' L,lit;

diviiend one hj-'b position pr:i.ar '.-o the divii.e, ïhe

origina-'l d-iviclend is r:nly 3 6 l:its long. A 3 6-b j-t

quot'ient is stored in an accunu-la-ior ancl the

remâincler is lost.

For the rlivide integer instru.ct.ion if l:oth the clividend

and divisor have irepliea l¡inar1' points tc the right. of the

rightroost bit- then the guot,ient. and renainder also ha-ve

im¡:lied binary points to tlre r-ì-cll:t of the ri-qhtm,ost hi.t-.

Iror the di-r'iCe f ract'ion.al- instructions -if bot-h clivi;lentJ.

a.nd divísor have implied. hi.narr,' po.i-nts tc, tl-re l"eft- of tJre

leftm.ost ma<¡nitude hit. (i.e. hetr..¡een bit.s 35 and 34) then

the quot.i-ent and remaind.er hoth have ir,rirl-ied b-inarv i:oints

to the -lef t of the lef trnost nagnit-ud.e l:it.

There is no equivalenL in the T,T,i::4/36A ::epertoire Lo the

rnultipllz and ciivid.e fra.ctional insLn:ctions.

20
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4. TT,1E E){ECUTfVII l¿l

The I1CB ì-s clesic.fned to oi:erate und-er the control of an

execuLivc Frogram- i,ihose funct-ion j-n.cluci"es 1oa-d i-nq anc1

controlling useiî prograÍìs, han"d1-i-ng i nte::ru]:is a-n¿1 f /o.

The si-nu1ated. s',¡stent arrtornati'ca-Ilv loa-ds instruct-i-ons to

handle interrrrpt-s. For a-n-./ -ì-nter::upt â coi:e d-r-ir"p is gi-ven

a-nd the user Froqran ternina-tec1.. The user ean, þçr¡"2¡.r.26¡¡,

overr¿rite those jnstructions ancL effectj-v6f',¡ rorjte his or.r¡n

executive progran (see Sarn"nle P::ok-'l em. 2 t Ch,apter I\¡) . !';hen

Coing so cons-i^cleratìon nust J:e given tire foll-or'iing:

PR.OC]ISSCIR ST.ATE REGTSTER (PSR) .

D-field
DB (bit 35) not used

D7 (l:it 34) Ease Regi-ster rcuTrpress-i-on Tnd-ica-tor.

I"/hen D7 = I the i irit of- the instr'-rcti on is used to

specifl' absolut.e addressi-nci ra.ther than ind-i-rect

addressing. i.¡íhen coinnut,ing th.e ef fectir¡e adciress

the contents of the l¡a.se recrisi:"er:s are not usec-1 if

i=1.

Cons.ider -
L .A'2, *0100C

location 0l-000 " contaì ns 00001o

location 11000 g conta-ins 01001-a

location 11001 n contains 010C2 o

trì:qa racrì e{-e¡ COntentS = 10000.

If D7 = 0 v¡hen the loacl instructi-r:n is execu-leci 0100? 
" 

i-s

loacled into Ã2. The effective address is co.¡r.pu.ted- by:-
2L
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(a) base reqister + u : 11000 g

(b) inclireci adclressing - get C(11000.)=1001^

(c) artrd k-'ase, Ìi='1 10C1c

f f D7=1 v¡hen the loacl instructi.on is e:-:ecutcc1, 001 is

loaded^ into Ä,2. The i-bit nor,.¿ -incl,icates absoh:-te acl.dressi-ncl

so E = 01000A.

D6 (b-i--, 33) Control iìegiste:: Select-ion ¡ss-i-ç-rna.tor.

i^Ihen D6 = L, the a ancl x f iel-ds oi the in-struction r.¡orcl

reference the E>recr-rtir¡e control reqi"sters (seo Ta,hle

) 1 ?\¿..L.¿1.

These registers i:ave addresses -
14l,l 157c, (index rec;-i-s¡sr=¡

,,4 û

154. 173" (accu:nulato::s)
ö'j

l-20a L37. (.1-::egisters)cú

lJhen D6 = 0, ti:e â anC- :< f ield.s re fer to control

regist.ers rvith a-dd-resses

1o 17 * (inclex re$ j.ster:s )

,ut. 33. (accurnulators)úö
100S :.L7 " 

(F.-registers)

D5 (hit 32) - not used.

ll4 (hit 31) not usecl

D3 (bit 3A) /D2 (l:it 29) 1Lo<1j-f i.ecl" s'!:o¡:a-r,{e nr:otec{--ion/Guarc'

mode and storacre lj-i:l-i-t r-.roLecti on.

if Ð3D2 = A4Z then qrua.rc=. :iloc-le and st-oraqe p::ctoct-,;-on" a,re

disahl-ed. i\lo quarcl nodle/ctoraqe protecti.on f ar:1f,

ì nte::rut-.t- can occur.

If D3n2 = 1LZ then gua.rC- nocl-e and stnraE-e liiiti t.s

nrotection are fuJ-J-=l2 enahlec-1". ¡. GlrSL f au-'l I

irJ

22
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interrunt occurs -i-f an a-r-tenpt i-s r,ra'le to r¡ri-te i nto

any control register ot.he-r than ìrqêl- r,-r¡iqËr.rr g, if a

¡:rivelegecf inst-mcti on is at-terril:te,,-'1, o:î i-í- t-lle

effect'ír,'e a.cìdress viol-ates stol:a-c.e Ii-rli-l-s (llrcrr SLR)

lf. l-r3D2 = 10" then çuar<i :i:tocl-e is r'li-sair-l-eü hut- stòr:acre

l-in-i-ts nrotection is enal-.,leä f-o:: rvri't--cs. i. e. i:t

the ef'Fec'ti-ve acl.dress r¡iolates thc çto::aqe l-i-:r:.i-t-s

for a rurite i nst-ruction ô- Stcl::aEe Lir:ri Ls ]lau lt.
j-nter::upt occurs,

If D3ll2 = 11 then qua.rC inorJe -i-s ena.hl cc-']. a-nc'l stora,se'*2 'j¡ É=+ -'

1:-raìts i:::otect'ion is enal:1e.j. for vr::i'Les.

ijl (l"it 28) Ove::florç DesÍgnator.

Ce::tain fi><eil. poìnt arithrnetìc ìnst::r.:.ct'ions affect D'!.

These instruct.ions aIr,¡a-\'s clear Ð1 ini. Li-al-h¡ and

then set Ðl = L if overflorv occurs ciurinc t--he

ari-ti:iaetic.

(bit 27) Ca-rry Designator.

Ti:e sa-me instructj-ons that af fec'{: Dl nô-y set Ð0.

Initia-l11¡ D0 = 0 t-hen if encl. arçunll ca-rrv occu-rs

Cu::inq the arithmetic operation n0 = -1.

Instruct..ion Eank Base Acl-dress -Êeg'i 5Ì--er.

Bf con\¡erts a ¡:ela-tirze acldress , of a t.'orc1 tha,t i s in the

inst::uctj-on hank of the plrocTra-m, to a-n aL'solute

adclress. The value o:f the base ad-d-::ess j-s f orr¡ed 1-.,2

pJ-acing 9 zero h,its to th.e right of the $-i:'it BI

fieId..

)t{ - Quarter Ï¡iord Desiqnator.

For some instruc'b.ion,s the valuc Qil is u.secl

DO

BT

23
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BS

iJ¡,

the da-ta transf er pa-tt-ern. (see Tal:le 2 . 1. ? )

rìT ./Flñ ea'l anr i n¡ p.eqistef .:-r¿ / :rJ

rleternines l.¡hether a ::elative ad,lress references a

vrord in the fnstruction l-ranli or the Da.ta. J:an.li of the

nrrì.tr-âm t:jine zerç l:itS are attaChecl 1:O the ::icÍht

of the 7-bit. BS fiel<l to form a conþa-re va.lue. If

the conpr-rted r:elatir¡e add.ress j.s less than or ec'rual-

to this cotnpare value, BI is used as J:ase to forrn

the absol.ute acldress. Othen,¡ise BD i-s usecl t<>

compute the absolute aC-d-¡:ess.

BÐ - Ðata Bank Base AcJdress Regi.ster.

BD conr¡erts a relative add.ress to an a]:solu.te aC.dress i.f

the r,.¡ord- :refe::enced, líes in the Ðata tsanlr of the

program. The process is as for ET.

The PSR is loaded- v¡ith the LoaC" P::ocessc¡r Sta-te

insLruction. T,lhen an i nt.erruj:t occl'Ìrs the pSR is

autornatically stored in control register zero. A ner¡¡ PSF" is

loaded Ï¡efore the int,errupt handler is given cont::ol. Onlv

the D-field and Qî'I of the ne\r PSR d-iffer froir the olcl PSR.

D7 and D6 are set to l-, an<1 DB, D5 throuqh D0 and QI'r are se 
-1--

to zero.

STOP"AGE I,ÏI.{ÏTS PF.OTECTIO}T

,4 user prograríì can l:e c1i-r¿ic,1ed into t\1¡o sectj-on-s - -¿iz.

the instruction bank a.nd the C.a"ta hanh. EacJr ]:an]:, is hased.

nn .1 senarat"e retcri st-er: eont-¿jrls'C in the PStr and each has its

ol,r'n sto::a,ge limiLs. l,Ihen the jnstructio:r hanli r:egister (AI)

24



STMULATED 1108 SYSTEM

is used to compute the address the instruction bank limits

are used to check the validity of the address.

Format of the SLR is given in Figure 2.L.4.

The actual value of each timit is obtained by placing , 
,,,,,

zero bits to the right of each value in the SLR. i'"

If BI is used to compute E then IU ¿ E ¿ IL

If BD is used to compute E then DU ¿ E ¿ DL

rf E does not satisfy the appropriate condition and 
,'1,,,,
.

storage protection is enabled (see PSR) then a storage 
i,,,;,,
r' :-:limits protection interrupt occurs.

5. TNPUT,/OUTPUT SECTTON

ThedesignfortheI/osectionisdiscussedinAppendix

Iv.Initia11yatemporarysectionconsistingoftwo
j

built-in macro instructions is provided for reading cards 
i

and printing lines.
Two instructions d.irectly affect the 1108rs preparedness f

toacceptanI/ointerrupt.onealIowsandoneprevents
.r,i

interrupts. As the simulator at present does not include

the simulation of an 1108 interrupt, these ínstructions can '

have no effect.

They are included in the simulator for two reasons:- 
"

(1) I/O interrupt simulation is planned for the future 
l.',

and is discussed in the desígn of the r/O section :

(2) Both of the instructions transfer control to the

computed effective address and are therefore not,

"No operation" instructions. ''

25
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2.2 1108 IîilSTll,LiCTrOlrl gET. li0l

The instructìon set is c1i-scusseil i-n detail-. Insi:ructions

are i':resent,eC- iu logical groups. Appeud'i:< rfl p::oviies an

alpirabetic list v¡hich cross refers to this sççlion. Factors

conmon Lo eacl-l ¡:ernl:er of tl:e sroun are listed first. anci then

ind-iviCual instructions descril:ecl.

For an explanation of notatíon see Apnendix IT.

LOAD IIISTRUCTIOÌ\IS.

¡'11 sinqle p.recision loarJ- 'instructions

a) transfer data u-nder -i control fro:il ¡.r.aj-n storaçre

to the arithm.etic section.

l:) transfer the fuIlrr'orcl to the snecified. control

recri ster.

1. Loaci Accurnulator (L or LA; 10)

C(E)j = C(Aa)

If j=l-6,. , 1-7.,, x=A, h=j-=-l-, u=L'|7777^ tjren +0=C(,1a)
Uarü

2. Loacl i'Iegative i¡.ccurnulator (I-,hT or -T-î{À; It)

-c(E)j = c(Aa)

If j=16^ , 17, , x=h=i=u=O tl-:.en -0=C(Aa)
oÕ

i ;:-:,:
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11O8 I]ÍSTRT]CTTOI{ SHT

3. Load Ì4agnetude Ä-ccul¡.ulator (Llf or Li,{À; L2)

lc(il)jt = c(Aa)

4. Load- l{ega-tive ilaqnetud-e AccumLrlator (I-,}'1¡1A; 1 3 ) 
1

i.,.,t,ì

-tc(E)jt = C(Aa) ¡,'
I

If j=L6 , L7., , x:11=i=u=0 then -0=C (Aa) |

BU

5. Load R.egister (L or Ltr; 23)

c(E)j = C(Ra)

Tf. Guard l,{ode is enabled (i.e. D2 of PSR set) tiren

an at,tempt to load R0 causes a Guard ifode

Fault Interrupt.

6. Load Index i'fodif ier (l,xiq; 26)

C(E)j = 
"(*t)rZ_O 

; C(Xa)"5_18 unchansed.

7. Load Index Regi-ster (l or LX; 27)

C(E)j = C(xa)

B. Load Ind.ex Increment (LXT; 46)

c(E)j = c(xa)-,- 4.. ; c(xa).- .. unchanged.
J)- t(i I l-\i

9. Doul:le Load Accumulator (DI,; 7l-r13)

C (E 
' 
E+1) = C (Aa oÀa*1)

10. DouJ:Ie Loarf idegat'ive Accum.ulator (DJ.N; 7\,I4j

-C(E'E+1) = C(aa,Aa+1)

28
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STORtr I},ÌSTRT]CTTONS .

Alt single precision store in"struct-ions

a) transfer a fullrvo::d fr:orn the

register to Lhe a-ri.th.meti c

tr) transf er data under j

aritirmeti-c section to mai-n

except hlhen

a) j=16t , L7t rvhen no

snecif iecl control

section.

control fron the

sto::age.

ì^^b) E < 200.
'iJ

transferred.

1. Store Äccuraulator

C(Aa)j = C(E)

(S or SA; 01)

2. Store Negaiive Accumulator

-C(Aa)j = C(E)

3. Store Magnetude Accumulator

¡C(Aa)lj = C(E)

4. Store lì.egis'L.er (S; or SP.; 04)

C(na¡i = C(E)

5. Store Zero (SZ¡ 05)

+0j = C(E)

6. Store fndex Register

C(xa)j = c(tr)

(S or SX;06)

dat,a is stored..

onl1z a fullr,¡orcl can

(sl:l or sì'TA; o2)

(Sl{ or .S},{.A'; 03)

Ì/hen

29



Doul:le Store

C (Aa rz\a*l) =

'r 
:.r'1:1'-::.-- f::;',. : ;-li: ,.^-- ,. J..--ì r_, ;r..

110 B T1.]STP.UCTIO]d StrT

Accu::nn'l ator (nS; 7I ,I2,)

c (E, E+l)

7.

Illock Trans:1er (BT; 22)

C(ll)j = c(Ea), c(P.2) - 1-

r.¡here Ea- -is effecti-ve

r" f P? ) : roneaJ. I{ ti-res.v \ j\Ê / ,

adclress co:lnu'Led usinç .i\ 4

instead of Xx.

no data i-s transferrecl.

B, 17^ no clata is transferred.

no data. is transferred and C (Xa) remain

unchanged- regardless of l'1.

, h is usuall1' non-zero.

no -ind-ex register rnodj-fication. is perfornecl

ancl hence source anrf d-est:-na+-ion ac'ldresses

reina-in the sd-rne for all- K ciata transfe::s.

Cestì nation add::ess spec-i-f .ies a control

regi-s-uer a fu-] lr.¡ord i s alv,?a*y's raovecl- :fro:n the

ari'hhmetic section to the i:ecj'i ster.

I¡ I iíED- PO T i{? ARI THI.,TÐ T I C I }iis T RUCT Ï OTï-S .

l. Àd.d to Accu¡r.ulator(.4 or .A1l.; 14)

c(Aa) + C(E) j = c(A"a)

The overflor..¡ (nf¡ and carry

TE Íz-^
-L ,'- 1\- \ J

I r ì= | h

Tf x=0

T-f: .i 
-ôI! I_U

-¡-L -¡-r-u

I'T f-ììâ

¡
Ì

l

clearecl at initiation

this instruction

(rO ¡ j-ndicators are

and ina.,¡ be set d.uring

i:l Á*v 11
o

30
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110 8 Ii.IST'RUCTTO}J SET

c (Aa)+0=c (Aa)

2. Ädr] lJegat'ive to. Accum,u]at-or (AIrT or AliA; t5)

c(JÀa) - C(tr) j = C(Aa)

Dl- and/or D0 mav be set bv +*his instructir:n.

f f j=16, , L7... , x=0, lt=-ì-=f , u=I'77777, thren

*o", - (+o ll" tool 
L/

3. ,Add t4agnitutLe to Àccurnulator (Aiit or JU'{"A; 16)

c(Aa) + rc(E)jl = c(Ä,a)

Dt and/or D0 ma.y be set b1' this instruction.

If j=15C ,L7,1 , >'--A, h=i=l, u=177777,, then

C (Aa).uç=ç (Aa)

4. Add t'Iegative l,tagnitud"e to ¡lccup-ulator (txU or AlÌI,1iA; L7\

c(Äa) - tc(E)jl = c(Aa)

DI and/r>r D0 mav l:e set bv this instruct j-on.

If j=16¿ , I7t t x=0, h=i=l , u=I777'77¿ then

c (Aa) - (+0 ¡ =ç (Aa)

5. Add Upper (/\U; 20)

C(Aa) + C(E) j = C(Äa+1)

n] enrilor Ð0 mar¡ Ïie set hv this instruction.4¡¿s/ vÀ *'*t

If -i=16.. , 1'7 \z-ô t--j-1 -.-1 '7 177'7. tiren
- () -,a, , ^-\j t lf-¡-!f v-Lt t 

U

C (¡-a) *0=C (aa+l)

6. Add hlegative Upper (ANtl; 2t)

c(Aa) C(E) j = C(Ãa+l)

3I
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1 1ñO

Ðl

IÎ

j. 
''.:;:

7.

;.::.
- :1'::':i-.. r': .:l.::.^.:::::I. :

TÌ.1qrn ÞTTnryr Tnt'T

;:¡,'!.:¡;;::¡l¿;:r;i:.rã,;-::i:rr;:..r.irr;::.:r¡;.1:r;::i-i:,':i:i:::::ç:..:¡!r'.r.*;i.i:::l

SET

9. Ì4ultiply fnteger (I4I; 30)

C(,\a) C(-E) j = C(Àa,ea+1)

If j:16¡ , L7¿ , x=C, h=i=l,

C (Aa) . (+0) =C (Aa,Aa+I)

10 . rviultipl)? Single Integer (ir{SI; 3l-)

C(Aa) C(E) j = C(Aa)

If j=16¡ , L7 j , x=C, 1Ì=i=1,

C (.Aa) . (+0 ) =C (Aa)

11. t'lu1tiply trractiona.l (FtF; 32)

C(Aa) C(E)j = C(.Aa,Aa*l)

this i-nstruciion.

h=i=l0 u=177777. then
U

u:l7 7 777s t.hen

u=l77777,, then
U

and/or D0

-l-l rJ-¿V, Io

c (Aa) -

m¡r¡ Ìra qa'l- !¡rr

I7,. , x=0 ,
U

(+0 ¡ =g (71"a+1)

Add to Inclex Reç¡.i-ster (4. or

C(Xa) + C(E) j = C(Xa)

Dl and/or D0 mar.¡ l:e

Ð(; 24)

If. i=I6¿ , L7,¿ ,

sot hv th i rì i n struct i on.

x:C r h=i=l, u:1777778 then

C (Xa) aS=Ç ()ia)

B. Add Negative to fndex Regj-ster (Ai'I or AITX; 25)

C(xa) - C(E) j = c(xa)

Dl and/or D0 may be set by ti:iis inst-ruction.

If j=161; , L7,., , x=0, h:i=l , a=L77777- then

c (Xa) - (+0 ¡ =ç (Xa)

j

l:r:
t::
t:::::

32
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Prior to storing 'Lhe 7?-ltLt result -it. -ì-s shi-ftecl-

left, ci::cula::'ly' one b-ì-t tros:'-tion.

Tf j=161 , L7,, r x=0 , h=ì =J-, u=L77777, th'en

c (Äa) . (+0) =c (Aa,Aa+l)

L2. Ðivide Integer (nf; 34)

C(ÄarAa+l) + C(E) j = C(Aa-)

rernaind.er = C (Aa+1)

j=15,, ,

C (¡.a,Äa*1 ) ì s lef t sh.if t.ed, c-ì-rcula::1r," one iì j.t

position hefore the division i-s perfornecL.

The remaind.er retains {:he sìgn of the dividend.

If x=a*n, rvhere n=12 or 13 ancl h=l t.hen tl:e tzalue

of tire dividenC is undefinec'l l¡ecause of the

overlap of ti:e irrii.ex reg iste:: l:e ì ng

incrernentecl ancL the accuinula-tor.

¡I at, t x=4, h=i_=1 , u:L77777,,
o

then

C (Aa,Aa-*1 ) + (+0 ) =c (Aa)

.A Di-rzide Fault Tnterrupt occurs i i C (E) j=î

or lC(Ã,a,.A.a+1)l > lC(n) jl . 2e35

13. Divid.e Sinqle Fractional (n:f ; 35)

C(¡\a) + C(E)j = C(Aa+l)

The remainder is lost.

Tf j=16., , L7,, , x=0, 1¡ - i -1 11-'l 'l'7 1'7 7 {-h onlt-I-I, u-Lt t t t t 
l] 

-tr=t,

C (Äa) i (+0 ¡ =ç (Aa+1)

A Divide Fault Interrupt. occurs if C (lL) j=0

or lC(J\a)l > lC(E)jl

33
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14. Divide Fractional (oP; 36)

C(Aa,Aa+l) + C(E) j = C(;\a)

reirainder = C(La--rI)

The remainder reta-ins th.e sign of tJ'le d.j-.¿'irlend.

If x=15 and a=0
a

or x=16^ and a=l
ó

or x=17^ ancJ. a=2
ö

and Lr=l

then the value of the clividend is undef-ined

i:ecause of the overlap of the inde>: reg:'-ster

being incre¡irentecL and the accurnulator.

If j=16^ , L'7 n , x=0, h=i=l , u:I77777 ^ thet:
ödö

C (ÀarAafl ) + (+0 ¡ =g (Ãa)

A Dívid.e traul1- Iirterrupt occurs if C (X) j=3

or lC(Äa)l > lC(E) j¡

15. Double Precision F-i-xed Poj-nt A.dd (ua; 7Lr1-O)

C(Ae-,Aa+1) + c(ErE+1) = C(Aa-,Aa*l)

L6. Double Prec-ision Fi><ed Point Ad-rf i'lega.tive (ÐÃ.t{; 71r11)

C(Àa,Âa+1 ) - C(E,E+1 ) = C(Aa,Aa+l)

Dl anð./or D0 may þs set kr¡.2 this instructj.on.

17 . Add I'Ialves. (AIi; 62,04)

c (¿\a) 35_tB + c (E) 35-LB = c (Aa) 
3s_18

C (Aa) 
L7 _O + C (B) 

f Z_O = C (Aa) 
t7_0

eits 35 and L7 are sign bits. L ca.rr1/ from bj.t 35

34
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I I ne Tì\TqnÞTTrrrrrTrìl.f qElrrr
I¿i/ () ¡l:-iJ.¿\LJUJ- ¿'J-! !'.'i-i

is propogated to Ì:it 18. Siir-ilarl:¡ a-

from bit 17 is proTroqated tc¡ Ì:it 0.

Overflc¡r.¡ and carrv indicators rernai-n unaltered-.

C(Äa).- 
^,,J)-¿+

,- \rra' z3-J-z
c(Aa),.

IJ-I-J

11, 23, 35 are

24 respect,ively.

^;lrr\7

propogatecl 'to

18. Adrl Negative Halves (ANii; 72,45)

c (.Aa) 35_18 c (E) 
35-18 = c (Aa) 

35-tB
C (Aa) ,r_n a (u) ,r_O = C (Aa) 

l-7_0

19. Add Thircls (AT; 72 t06)

c(Aa) -_ ô,¡ + c(E) .- ^,r =J 3- ¿, r+ J 5'¿,+
r-ln=\ + nlÏ¡ì =\- \rrÕ/ 23_12 ' ,",.,, 

23_.1 2

c(Aa)". ^ + C(E)." ^ =
l. r-u l. l--u

Carri es from h-'its

b.its 0, L2,

20. Add Negative Thirds (arrlr; 72 t07)

c(Aa) 3s_24 a(") ar_r4 = c(rtt) rr-r4
c(aa) z3_L2 a(t) zr_r2 = c(o-) ,s-t,
c (Aa) l_1_o - c (E) tl_o = c (Aa) tl_o

SEARCTI T'.{STRUCTTONS .

All search instructions

executiotr, vi z.

consist of {-tnrao c'l-:cac

a) t-he ìnitial stacfe

R1 is t-r:ansferred='r

of
35

to the index

cñâôt i- I ôr'l
vl:-çvJ_! a\_e

suh-'s ection.

accumulato::s arecontents
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Lra-nsferred to the arithnetic section.

b) repeated test staEes. Ðurìng each tesì: stage

the

the

the

the

if

the follor,ring steps are execute,j

e,ifective ac1d"::ess E is conputeC..

contents of E are 't::ans f errecl und.er l

control to the ar:ithr¡etic sectir:n.

reTleat counter is decrernented by one.

specifiecl test -i-s rnad.e.

the condition is satisfied the tern.i-nation

staç¡e j-s enterecl irlnerLiately.

th"e repeat cour:ter is testecl- frsr zei:o. Tf

non-zei:o â. new tes t sfage is 'i ni 'ciate,i,

otherrvise the iermination s'Laqe is enterecl.

else

c) the t.ermi.nation stage.

if entereC as a result of a- si-rccessful test tire

contents of tl-re P-regi ster: is increniented bl,'

one, effecting the skíp of an instruction.

tire repeat counter is sto::ed in Rl.

Note: Unless either h=l o:: i=l i.e. :'-ndex incrernentation

or ind.irect addressing ìs specified, the effect.ir¡e

adclress co:nnuted at each test staqe -is tire same.

Note: The sinulator díffers in the handlinq of

ínterrupts from the 110.$ ancl as such the search

instructions canRot,-,be interrupted, (see,.introduction

this chapter) . For a descri'ption of programmíng

considerations for the 1108 see Unívac manual fULJ

1. Search Equal (Sn; 62)
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Tf C(tr)j = C(Aa) then sl<ip lfT else repeaL up to K times.

If j:t6A , I7B, x=0, h=ì=1, u=I777775 then (if

C (aa) =ag then s!.;íp l.ïI, else repeat r-r.p to I"i

tirnes )

I,Tote that +0É-0.

2. Search Ìlot Ecrual (Sl\lE; 63)

If C(E) j ÊC(Aa) then skip ITI, else reneat up to Ii times.

If j=16g r L7 g, x=0, h=i=}, u:l77777 g ti:en (if

C (aa¡:ag then sk.i-p ÌdI, else reT:eat u.l: t.o K

tir¡-es )

lJote tha-t +æ,-0

3. Search Less than or Egual Seæ-rch Not Greate::

SNG;63)

Tf c(E)j < C(Aa) then skip llI, else repeat up to

If j=I6 gr 17 g, x=0, h=i=l , u=I77777 g then

+0 < C(Aa) tiren skin NI, else repeat

times)

Note tha-t +0> -0

4. Search Greater (SG; 65)

If C(E) j > C(Aa) then skip ì\lT, else repeat

If j=16 g, 17 g, x=0 , h=í=1 , u=I7777"7

+0 > C(Aa) then sliip l.ll, else

times).

Note tha.t +0 > -0

(SLH or

a? r.: -..^^I'r L-LIilËb

tlT'

ufi 'bo K

trn 'l-n Ta {- ì moe

^ tlran (;f
\ r--

rana,a'f- rrn l-n T{

!1:

37
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5. Search Within R.ange (Sl,tr; 66)

rf c(Aa) < C(Ti) j < C(Aa+l) then skj-p IJI, else reneat up

to K times.

If j=16^, 1.7^, x=0, h=i=l , u=I77777 'r-ìran (;i
ö 8f '^ *""'B

C(Aa) < +0 <C(.la*l) then sk^ip ¡Tr, else repeat

up to K times)

Tf C(Aa) > C(Ra+l) there is no value thaf- can

satisflz the conrlitions of the test.

l{ote that +0 > -0 .

If h=l anC x=a*nr r¡here n=12 or 13 then one of t-he

values transf erred to the ari j:-hmetic section

frorn control reqister:s i* unciefinec]-.

6. Search iilot I'Jithin Ran-qe (St'.j'v,t¡ 67)

rf c(E)j < c(Aa) or c(E) j > c(Aa+l) then skj-i: tir, else

repeat up to K tirnes.

If j=16gr 17 g, x=0, h=j-=I, u=177777, then (if

+0 < C (;la) or +0> C (Aa+I) then sl<i r¡ lìf I r else

repea-t up to .X t,ines ) .

Tf C(Aa) > c(Aa+l) then all va-lues satisfy the

conditions of the test.

l.iote that *0 > -0.

I'LASTiED SN¡.R.CI.Ï ÏÌ.JSTRUCTTOI.{S .

This group of j-nstructions is sirriilar to the irrultistaEe

search ins'r:ructj"ons. The tirree sJ:aqes of execuLj-oi'r are
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a) tl:e initì-a.l- stage

as for search inst::uctions excect that the

conl-ents of lì2 (liasl', Fegist-er ) are al-sc

transferred to the ari-th¡retic sectåon 
,,,

b) repeatecì- test stages. Each test stage is the : '

sanle as the search instruct.ion test stage

except. that a ful-h¿ord ì s alvay's transf erred

from main storage t,o the ari-tm.et-i-c section. :,,

c) termination stage as f or search instr'.rctions.

f. i{asked Search Equal (l,1SE; 71rC0)

Tf IC (E) AtlD C (R2) I = [C (Aa) ,Al{D C (P.2) ] then sh-i-n i:JI,

else repeat up to K tirnes.

llote: *C,É0

2. l4a-sked Search Not Equal (i'fSNE; 71,0-!-)

If tC (E) .¡'ND C (R2) I = [C (Àa) AND C (R2) ] then slcip NI,

else repeat up to I( tirnes.

l.lote: *0 z-0

3. i4asl<ed Search Less Than or llqua] , iolasked Sea-rch bTot

Greater (¡ISLE or Ì'tSlIG ¡ 7I,A2)

If tc (E) AITD C (R2) I < [C (E) AN]) C (p,2) I then slii_p i,Tr, else

reneat un to K ti-iites.- -I' 
_- -- - --r:

i.Tote +0 >-0

4 . i'4askecL search Greater (i'4SG; 71 , 0 3 )

rf tc(E) Ar.{D c (Iì2) I > [C (E) Al\tD C (R2) I uren s]:ip ]JT, el se

39
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repeat uP to K Limes.

lrTot.e: *0> -0 .

5. l4asl<ed Search l"Iithin Ran.ge (i'lSId; 7I,OLL)

If [C (1\a) Aï{D c ("?2) ] < [c (E) A]TD c (R2) I < [C (Aa+1) AI:'ID

C(R2) I then skip NI, else repeat up to 1ç ¡ities.

i{ote: *0> -0 .

Tf [c(Aa) At']D c(nz) I > [c(Aa_+t) 1\i{D c(Rz ) ] then no

value can satisfy the conditrlons of, the

test.

6. l.liasl<ed Search llot Iditirin Ranqe (Ì4SliI"f; 7I,05)

Tf tc (E) Al¡D c (R2) I < [c (Aa) ¡1]lD c (1r.2) I or [c (E) A]'TÐ

C(P.2) I t [C(aa+l) ÄND C(R2) ] then sl.,ip 'lr, else

repeaL up to K tirrres.

Note: *0> -0.
rf ¡6 (Aa) AND C (rì2) I > [C (7'a+1) ¡'ND C (Iì2) ] tlr.en

all values satisflz the conclitions of the

test.

7 . i4asked Alphanumeric Search Less than

7Lr06)

If tc(s) AI'ïD c(nz¡1< [C(Äa-) .4NÐ C(R2):l

else repea-t K times.

Note: -0 >*0.

or Equal- (taÄSL;

J-hon q'!¡i n ì\TTU:]U¡¡

B. i,{asked Alphanurneric Search Greater (I'1ASG; 7I,A7)

Tf tC(E) ÄND C(nz¡ 1 > [c(.Aa) ,l]JD C(R2)'l then skj-p trTr else
40



r:eoeat -r( times.

I'Tote: -0 >f 0 .

TllST INSTRUCTTONS

1. Test Even Parity (TEP:, 44)

If tC(E) j AND C(Aa) I has even parity then shin hTI. The

logical product. is not saved.

Tf j=168 , LTgr x=0, h:ì=1, u=L77777g then ( if

[+0 A.]TD C (Ãa) I has even Tre,ritl, then skj"p

rirr).

fi h=l and a*12:x then the value tra.nsfe-rrecl. to

the aritl:rm-etíc section from tire control

reqister is undefined.

2. Test Odd Paritr¡ (TOP; 45)

If tC(E) j 7\ND C(Aa) I has odd paritv then skip NI. The

logical product is not sar¡ed-.

Ii j=168, 178 , x=0. h=i=I, tt:1777778 then

[+0 A]TD C(.Aa) I has odcl nariiy then sl<.j_p ldr).

If h=l and a*12=x then the va.lue t.ransferred to

the ari-thmet-ic section from the control

register is undefined.

(if
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3. Test Less Than or Eqr-ral to itodiiier, Test l'lot Greater

Than î4odifier (TLEI:4 or TlIGi4; 47)

rf C(E) j 17-0 = "(ra.)rr_, 
then skip \Tr

c (xa) l-7-0 + c (xa) 
3 5_iB = c (x.) 

t7_n
llote: -0< ^l-C .

If j=16^ , 17 ^ r x=0, h=i=l , u=L'77777 ^ then +0 isúöö
transferred to the arithraetic section frorn

main storacf e.

If h=I and a=x the sFecified index register is

incrernented- once onlr¡.

4. Test Zero (Tz¡ 50)

If C(E) j = Q then skip NI.

Tf j=16gr L76r x:C, h=i:] , a:L77777n then skìp t¡1.

5. Test Non-Zero (TNZ, 51)

Tf C(H) j z fl then sl¡ip )rI.

If j=16gr L7 gr x=0, h=i=] , u=L77777 g then the l'l1

is execu'Lecl".

6. Test Egiral (Tx; 52)

I:Í C(ã) j = C(,\a) then =kip Nr.

Note: *0 *0

Tf i=16g r 17g , x:C, h=i:l , u=L77777 B tiren (if

+0:C(Aa) then skin ulr) .

7. Test Not Ecrual (TlTEr 53)

If C(n) j ø ç(..t.-r-) then skin NI.
42
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Note: *0 +0

Tf j=16g , L7B, x=0, h=i=l, u=177777 u then (if

+0* C (.Aa) then skip ÌTI)

B. Test Lêss Than or Egual, Test Not Greater (TLE' TI'TG; 54)

Tf C(E) j < C(Aa) then skip NT.

Note: *0> -0

rf j=16g, 17g, x=0, h=i=l, u:L777778 then (if

+0<C(Aa) then skip I'TI) .

9. Test Greaier (TG; 55)

If c (tr) j > C (¡\a) then sk-ip lTI.

tdote: *0> -0 .

If j=16U r 17 r, x=0, h=j-=l , u=L77777 U then (if

+0 >C(Aa) then skj-n ¡TI) .

10. Test I'Tithin Range (T!'f ; 56)

rf c(Aa) < C(E) j < c(Aa+l) then skip IIr.

t'lote: *0> -0 .

ff C(Aa) > C(aa+I) there ís no value tha't can

satisflr the conditj-ons of the test.

Tf i=L6^ , Ll^, x=0, h=i=l , u--L7'7777- f-hen (if- ö Õ *""'B

C (Aa) < +0 < C (Àa+1) then sJcip I.TI) .

If l:=1 and x=a*nr v¡here n=12 or 13 then one of the

values transf erred to the ari th;netic sect.-ion

from the control registe::s is unclef ined.
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11. Test NoL Ì^Tithin F,ange (rlr¡i 57')

rf c(e) j . C(zla) or c(E) j ' c(Aa+l) then sl;ip l¡r

i)trote: *0> -0

If C(Aa) > C(Ãa+1) then a"11 val,u-es sati-sl]rz at- least

one of the condì'L.i<'rns of the test,
T'ã -.:-lr '1 1 ..-n '1.-;-l-Lr J-ruB r -, B , å:u r !l:-L:¿, U=177777 g then ( if

+CF C(Aa) ot Þ C(Aa+l) then sl<-i¡r lill) .

If h=l and x=a*nr v¡ire::e n=12 or 13 then one of the

values transferred- to the a::itirr¡.etic section

froin the control regislers is uniefined..

1'2. Test positjve (Tp; 60)

If C(E) j > +0 Lhen sl<ip ÌdI.

If j=I6g I L7 g, x=0, þ-j=], u=L'î77 77g then the ïìT

is ski¡¡ped..

13. Test ldegat-ive (Tlf ; 61)

If C(n) j < -0 then ski¡: ldÏ

If j=16 gr L7 g x=C, h=j=l , u:I7'7777 g then execute

_Ìï.

1 4. Ðouble Precesion Test Equal (n::e ; 7L,L7)

Tf C(ErI1+1) = C(AarAa+l) then shin lrìr.

l'lote: *0 z -0 .

i.:-
I ..:

| ::::

'.

i t.-
1- ..
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SiJIT.'T T}]STRUCTÏO}TS .

The input operands for all shif t -insLructions, exceet t-he

tr..¡o load- shi:f t anc]. eount i nstructi-on"s ' are -l-ocateil, in one or

'tr:¡o a-ccu-nulato::s .

The effecLive a-c}lress, E, is cornprr-ted- ncrnall-'I and then

'bhe r¡alue of E is used. â.s the shij:t. corlfl'b. The shift count

can lie lcet'..¡een 0 a-nC 72.

Shift. tlzpes are

IìiqÌl{: circular; brts sh.i-fier'l out of tl.re riciilt

end- of the regS-s'te:: a-nnear at -|:l.re left eni.

Left, circular; i:its sl:iftec'i out of the left ena

çF t|e ::eg'is¡p;- a.:.1rìeai: a't th.e ¡-i-r¡ht- en<j.

Þi rrirf I ncii ¡al: zelîos f i11 r¡acated i: j-ts at ther.rU:¿ç ¿uj , .Jv--.,É¿

left. encl.

Left logical; zeros fj-ll va-cated bit.s a-t the

right enil.

Fi c¡h{- ¡l crolrr-;¡ i c: s ì c'n hi {:s f -il. l- vacate'--' l;i-;s at

the left end.

I. $íngle Si:if t Ci¡:cular ( SliC; 73 , 0 C )

Shift C(Äa) ri-Eht. cii:cuJ-a::Ii' Ïi l¡j-t posi-tÍ*cns"

If 35 < lI< 72 then a slri-f t of F-36 bít I'osi-tions i-s

¡rad-e.

Z. Double Shift Cìrcu'ta:: (DSC; 7:1"01)

Shift C(AanAa*I) ::ight ci::cula::1.,¡ ìr h-i-t positions.

Tf h=l and]" x=a-*rrr r,¡i:Lere n=l-2 or 13 then ot:e of the
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values transferrecl- to the

f::om tlre control reçisters

a::i'Lhi:r.etic secti-on

is u-ncief -i-ned,.

3. Single Shift Loc,rica-l (S.SL;

Shif t C (Aa) right logíca1J-12

Tf 3õ<El 72 then the

'7? n?\

l:: nl t "-ìl-ìcl Ì1OïlS.

rêçii:r ltincr r:nni:-ent of Aa- is -l-0.

ll Doul¡le Shif t. Logi-cal (nS:,; 73 ,0 3 )

Shíft C(Aa,l\a*1) right logi-ca11'7 :11 bit

If h=l ancl x=a*nr '."rhere n=12r13

values transÍe::reci to the

from- the con'Lrol recjisters

^^-;*;^*^l./l.¡ð -L L*¡-U! LÞ ¡

tiren one of t.he

ari-thmeti c secti,rn
'l < ìlrl.lâT1?1aíi

ShiJ:t. .Algeb::a-ic (SSA; 73 t0t))

(Aa-) a"lgehraical].r¡ E bi'b. po,s-i-tìons.

Tf 35 s Ft < 72 then all- bit-s of the resr:.ltinq .Aa a-r:e

equal to the origi-nal sì-çin bjt.

values iransferred-

is undefinecl..

nq\

E bit pos j-i:j-ons.

--'ì ') 1 2 .t-r^^- one of thet,l-t¿a, LJ LtrtÇ!l

to the arithmeti c sec'ti on

'1 . Loa-d Shif t and Count (LSe ¡ 73,06)

C(E) = C(Aa); siríft ç(Aa) left ci::cularl-v rintil- C(Aa) +
35

C(Aa)^,. ; numÌ:er of bi-t. positions shifted = C(Aa+l).?rl

Tf C (E) = 0 , then C (n) =C (r\a) ancl" 43, =ç (Ãa+t) .

46
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shifr c

Dou]:le Sh.ift, Silgebraic (ÐSA; 73

Shifi C(Aa,Aa*l) algeb::aically

If h:l- anc'l- x=a*nr where
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B. Double Load Shift and Count (DLSC? 73,û7)

C(trrE+I) = C(AarAa+I); shift C(.Aa,Aa*l) left cir_eu..lar1./

until C(ÀarAa.+l) , r C(F.a.rAa+J_)ra i nuin_trer of j:-i-t

positions shifted = C(aa+2).

Tf C(ErE+-L)=9, the C(trrn+1)= C(4a,7\a*1) and l_07o =(/

C (r-\a+2 ) .

9 . Lef t Sing1e Shif t Círcular (ï,SSC; 73 , 10 )

Shift. C(Aa) left circularly E bit positi_ons.

If 36<E<72 then a shift o,f g-36 b_i_t pos-itions Ís
ûtade.

10. Left Double Shift Ci::cular (LDSC; 73,1_1,)

Shif 'c C (4a., Aa*l) lef t c-i-rcu1a::1y tr bit posi-.Lions .

Itf h=l and_ x=a+n r¿here n:LZ ol: 13 then one of the

values transferred to the aritl:netic section
ís unclef ined.

[r,,
l.:':-:::

11. Left Sing1e Sh-ì-:ît Logical (l$Sl-,¡ 73,L2)
:'',: )

Shif L c (J\a) left logically n bi-i posi_tions. i', ''

If 36 S <?2 resulti nç; C (Aa) =*0.

L2. Lef t, Ðouble Shif t Logica.l (l,nsl; 73 , 13 )

Shif't C (4a., Aa*l) left logicat]-y E bit posit.ions.

If h=1, and x=a+t-ì rrhere n=l-2r13 then one of the

values transfe::refi to the arith:re.Li c sect'ion

is u-nclef i ned.
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UÌ'iICOT{ÐÏTÏOT'TAL JUMP ÏI.IS!'RT]CTÏO]{S .

St.ore Locaticn and: Juinp (SI,J; 72r1I)

C(P) - bÍ1 = a(") rZ-O; jump to l1+1

Load- llirod-ifier a.ncl Jurrr;ç (i,ÌllJ;7II ,L3)

C(P) - i:rn = ç(J{a) L7-0r juinl? to E.

..-'.'.'. .\\..... - i:..t ".

r.,rhere hn=J¡ase adclress moclif ìer (RI or Bii) .

il'he jump j-s effecteci b¡r EJ-l = C(!) .

The contenLs of the P-rec;isl--e:r (al:solute ad-d-ress

of l'lf) is first conr¡erted to a relative

acldress b_r¡ subt,ractincî the base a-dfl¡:es s

rr"oclif-ì-er (in the PSF.) .

f f E < 200. Lhen C (,r:-) -b¡r - ^ /F\ /"^¿f c::s to a,5 !u¿¡ u\..:¡t-Àirrr ,,tI7_0 \¿,

con{:rol ::egister) ; +0=rl (11) ,r_1g ; ;u:r,o 'co

ñr f

TE +1^ ^ rr -:"'-.^ to" aCiclress is less tlr"an ?.nA. tl:icnaj- LlJt: J rl¿:lji L\J clÇll.iJ- C:¡f,,f ¿l) IÉì]Ð Li..,"Lf l.'. (:,

the l:TI is j:al.-en f::or-lt hiCcLen s,ioragc ::ather

than a contro]- req i st-ez'.

i- :.:

lrhe::e l¡¡ir=l:ase adclress modifie:: (3I or BD)

The jurrp is ef f ectedi by l*1= C (F) .

The contents of the tr-::eqister (absr:h-lte a.clC"ress

of ldÏ) is f-i-rst co¡rverted to a relative
ì

add.ress b]r subtracting, the Jrase adctress

rnodi-fi-er (in the PSF,) .

If lI <2008 then the llÏ is tallen. f::o¡ir hicl,den storage

rather than a conL::ol rec,i-sle::"
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3. .Al-loiv ÀlL f/A Interrunts and. JulnÞ (AAT,T; 74rA7)

Ãllow a.ll I/O inte::::uÌ:ts a"nd, jum¡r to E.

This.ins.L.ruction.isuser]-toa1].owr/o-inter::uÞi-s

Fol I nr.ri na J-Jro ,1r¡nr1'l ì nrr nf an in.f--e::fUnt OfJ- u ir Ç \/! 

:..

follor+ing the erecution of a prevent Ã:l-1 t /C ' '

Interrupt,s ancl JLr-iri.F instruct-ion.

i'or descrinticn" cf ihe inte::runt hancl.lii:q of the

simulator see Sect,i-on 2.I.

CO\TDÏTTONAL JT]I'1P I}]STF.LICTIOT,JS .

1. Jurnp Greater ancl Ðecrei¡ent (,-|'Gn; 70)

If C(Cn3a¡> 0 then juinp to lI.

c(cRja)-1 = c(cRja)

The cont::oI register is snecifieil in ilre right
most seven bits of the ia fi-e]_d of the

instruction wnrcl..

Tf A0 e. j a< 10 0, or 120,< jæ I77 U ancl D2:'l ( in psp.)

then a Guard l4ocLe Eaul'h Interruï:t occurs.

2. Ðouble Precision .Tump Zero (DJZì 7I¡:-.6)

If C(Aa¡Aa*f)=fl then jump to E.

Tf h=l and_ x=a*nr rvhe::e n=12 or 13 then one of the

values transferred to the arithraeti c section

from the COntrn'l raaiq'l-arc iS UnClefineCt.

49
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3. Jurnp Posit.ive and Shi f t (;rlS; 72,02)

If C(Aa) >+0 then jurap tr: E.

F,lrvays shift C(Aa) l-eft, circularlv, one bit pcsition.

4. JunÞ Tüegatì ve and Shif t (Jl.lS; 72,01+)

If C(Aa) <-0 then jurnp to H.

Ahvays shj-ft C(Aa) left, circularl-w, oì1e lrit positj-on.

5. Junp Zero (lz¡ 74100)

Tf C(Aa) = $ then jump to H.

6. .Turap lJonzero (JNZ; 7 t+ t1L)

Tf C(Aa) r 0 tSen jump to E.

7 . Jump Positirre (,:e; 7 LI r02)

If C(l\a) > +0 then jur,rp Lo E.

B. Juinp lr]eqative (JN; 7|t,03)

If C(aa) < -0 then jump to E.

9 . JurnÐ, JunÐ Ke3zs (,l , ,li< ¡ 7 4 ,0 4)

If a=0 or if StrLECT;fUt{PS(a) = o:rr then iu.mp t.o:8.

Tirere are 15 SELECT Jtii'4PS ind i cators in. the 110 8.

These ljla:/ J.le set at progra-rn loacl" -uj-ne) in tle

sinula-tor.

10. Ïialt Jump, LIalt Keys ancì Junip {n", TII{J; 71rr0S)

Tf a=0 or (a AIJÐ SFLECT STO?S i ncl-icators) =¡ s{:orri on
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1l_0 3 f]{slrilueTIOr't SrrT'

restart or conti-nuation jr.rmc to E.

The 4 SE]ÎCT S-'|OPS ind"icators

proqrarr, loar1 ti-me.

rûal/ be set ¡J-

Ii: Guar,f i4ode in enahl-ed rJilcll a hal-+- concl-iti-on is

sa.t-i-s.Eied, the cond'i't--j-on is iqnored and the

CPLT r;roceeds i¡:m.necl-iateJ-'¡z y1¡i. the jump.

11. Jump No Low Rit (,li'ln; 74,10 )

Tf C(Aa-) - 0 .r-hen iump to E.0-
l'Iot.e: Posj-tir¡e êven iirtegers har¡e no 1or¡¡ l:it }:r,rt nec-rat-ive

even integers cl"o.

12. Jump Lolv Bít. (.rn;

Tf C (;Ae) = l- tiren
c

ì;iote: Positive even

ârr6!n i n Í.ocro:-q

1lt l1\l't, LLI

ju.np 1:o .iij .

j-nte,lers lt¿1.-/e t'lo I o',"¡ I: j-t l>u.t n.eça-L-ive

c.o.

13 . Jum¿: t'Îod.iilier G::eater and Increr,:Lent (J¡"i{ll ¡ 7 Lt. ,!2)
Tf- C ()ia)., 

"_6 
> C then jrirnp to E.L I-U

Ah.rays C(xa) I7_0+ C(>ía) 35_18 = C (]ia) 
:7_C

llote: the test is nade Ì:efore the acLclit_i,on.

Tf h=l and- a=;ì< then tl-re s::ec-ifi-e¿l inc'l_ex reqìs-¡ç¡

ís effecti-i¡e]-rz ¡'oodifi-eä onIlr oncc.

14. Jurn¡p Ove::f low (JO; 7 4 tLU)

ff Dl = 1 fhan i:rr-¡n .t-n q. (1-rf is found_ in the l?S,c-).

The content,s of Dl remai n unaltered.

l:::r.
i,:
ì:. '

5t
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15. Jirnp i-ro Overfloi,v (Jl;iO¡ 74,15)

If nl = 0 then junp to E.

The contents of L-rl rerna'in unaf i:e:reci".

16, Jurrr.p Carry (.fC; 7 4 ,16)

Tf D0 = l- -uhen jum.p to iT. (¡Cl is foun<;l in the PSll')

The conten'Ls of D0 ::ema-in unalt"ered.

17. Jump i:ìo Carry (¡lf,rC; 74,L7)

If nCJ - 0 then junr: to ll.
i.'

The content.s of D0 renain unalterer-",.

BOOLEAT{ ÏTÍS?R.UCTÏO}ÍS .

1. Logical oR (CR; 40)

C(Aa) oR C(E) j = C(Aa+l)

2. Logical h-xclusive OR (;<OA; 41)

C(Aa) XcR C(E) j = ç(Aa-+l)

3 . Logical AI:'TD (l\l.TD; 42,)

c("Aa) À¡TD c(E) j = ç(na+J-)

4. i4asked Load, IJpper (I.1LLT; 43)

(c(E) j AÌ'lÐ C(R2)) oP. (C(Aa) l-ûdD C(R2)) = c(Aa+l)

1...

i- - -'

ì:l
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i''tÏS CEI-L.Al\]trOU S Tlr:lS TRtlCTT ONS .

1. Execute (E]{; 72,L0)

Execute the ins'b:luction at E.

ff E<200^ the renote instructicn is
o

hidd-en storacre ra"ther than

register.
llxecute instructions ¡n¿r7 be cascacl-ed- tc any level.

Executive Retu::n (8R," 72 rLJ-l

Tnl-arrrrnl- tn locai:iOn x000 21tr2ç

v¡here ;=ç (1.'iSR)

The interrupt ha-ndler stores the cu::ren"'L PSIì. in
control regist,er 0 before {:he j-nstruc'bion at

242 B ís executecl.

If Guard L.lode is enahled. (D3D2=01?) and ind.irect

addressing is specified. (i=lrD7=0) and n

violates the m"ain storage li¡¡.íts sel; ín tl:e

SLF, then a Guarcl tfode,/StoracJe Limi-ts Fault

Interrupt occurs.

3. Test and Set (TS; 73,I7)

If C(it) 36 = I then interrupt 'bo locati-on x0C02448, wher:e

f etcheC" f roln

fro:l a con'L::ol

.)

x=c (1.{SF.) .

Ah,""ays 018 = C (E) 35-30;
Tf E < 200U the

unclef ined.

C (lÌ) ".t-.' uncha.ncieri.' zJ-v

::esu-lt. of the ì nst::u-ction is
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4. llo Opera'b.ion (t{oP; 7 4 t06)

iTo operation pe::f o::r".ed..

I i= X:0 and h=1 inclox rocri qier -i_nC:r:erner-itat-_iOn r.¡il-_l

take place.

EiíTTCUTIVE SYSTET4 CO}.TTROI, T}.]STP.UCTTO};IS .

All the instructions l-isted, here are privilegerl

instruct'ions. If DZ=L (in pSn) r.dhen an atteni:t i-s lïeCe tr>

execute one of these insiru.ct.i ons , a Guarc-l i4ode Fa-ult

Inter::upt occu.rs.

1. ?revent "411 T./O Tnte::rupts ancl. Ju:lp (t¡IT; 72rI3)

F::eve¡tt a-l-] T/O inter::u-pt,s and. ju:re to iI.

.Af ter the e;iecuti on c¡f thi-s 'i ns'tructi.on en Äl.l-oi¡¡

;\11 f/A Tnterrup-us a-n-d Jump ínstruct.i-ons

must be execut,ed. in orc'l-er that the CPTI rvil-l

react t.o an-y I/o inte::ru.pt.

2 . Load Processor St.ate (LP;ii ; 7 2 tl_5)

C(E) = C(P5,?.)

i'-fhen ìrrcgrar-ni'1-i-ng tire ll0 I to

I

l
.l

:

cons ic-=,e:lat.io¡r. ¡ru,rst he ciiven.

c.¿/cle of the :rachine t2I.
í-lêl Ãr/q j-hn I na,l'i nc¡ 6'F f'hlo I)SÞ

instru-ction. Tbat is n if

load llr.e P$n

to the cii'linq

The si¡nu-l-ator

.c:-aY one f irl--l-

the f o-!-J-or¡¡i'ncr
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secluence j-s used:-
TT)c îì /1\¡.)-'- \ r,

7\nTT T¡i /?\.n,1::-Lr., !J \ ¿_ j

FJ-ì T 
^1 

Ð1. /"\tr.r l!¿;r.t)x! \J.f

The old PSR reüieins in effect until a'Fter the

execution of ínstruction .(2). ìtefr:re

execution of inst.ructj-on. (3) the nev¡ pSjì is

loacled, from locati on Ei.

il'Jhen hancl-ing cont::ol to a llser n:rogram the final

o.nerations of the Executive is normal llz to

loa-d the user PSR and Jrass control to the

user r,cith a seqruence sini-l"ar: t-o j:hab above.

3. Load Storage l-,ini ts (LS]- ¡ 72,L6)

C(n) = C(SLR)

Tiris instructi-on does not enable st.ora.se

protecti on. It reclef i nes the sLoracte

protection limits. Hna-}-rli-ng and disahi-ing

storage protecti-on j-s under the control of
{-lra ÞC Il

4. Select f nterrupt Locations (Sti,; 73,l_5 )

a = c (l,lsR)
2-D

t?nly the three lor¡"' orde:: híts of the a_ fielcl are
55
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t--.

used. For the s-i-r.r.ulator the onh¡ val-id

contents fo:: the l,.l,Slì a::e 0002 or 001-2. Ätl-

fixerl address references u.se the ¡4SP, to

d.eternì-ne the absolute adclress (xFFfFF)

v¡here ¡=ç(l{SR-) and FFI"FF = fi:<eri- address.

rl.ItìuT/ouTPUT rtTsTF,ucTr olds .

The design of tire sirnulator's input/or-rtput handler ís

found in Appendix IV. The first r,/ersion o-f the svstern u.ses

a ternporarlz subsection rvhich consists of tv;o asse:r.]ilelî nacro

instructions. OnIy card- reacler input and lÍne pri-nter

outpui. is permi{:tecl. Loqica.-ì-I1r a "u-rå conta-i:r.s 7 2

characters. EBCDIC characters are con-verLec-1. to 11ûB cod"e on

inpu.t. An output line conta-'ins 132 characte::s the first of

r+hicl: specj-fies carriaç¡e conÈrol. 1108 cod-e is converted to

ERCDIC on output.

1. Get Card (cslr; 33)

VZ charact,ers from ca-rd = C(E) ....C(E+11) .

Columns I-72 of the card are convertec,'l to 1103

code (6-bit ASCII) v¡hich is then packeC 6

characters pei: 1108 vzord. ,Sto::age 1in'i t--s

check is d.one for E only and tire user: ís

responsi!:J-e f or seei-nqt that F+i, r,¡here

i-=1r2...11 cloes not viola'i:e sto::acie lircits.
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2. Put. line (pur; 37)

C(F) .. ..C(¡l+20) = 132 cha::act,ers on line pr-inter.

l-lCB cha::act,er code is cont¡erteil- to ]IBCDIC. ;qi).i

cha-::acters aiîe extra.cted f ro:rr eacl: 1l-C I

r'¡ord. The first cha::aete:: o.f tLre fi-:cs'L wo::c'].

specifies carriagie control.

0l - rvrìte and no siface'-B

05.' write and s¡:ace l- line
ö

11^ r,¡rite ancl space 2 lj-nes
U

I 3 ^ T'r:r i iê anr''l sìraL-ê ? lirr.es-"8

77 ^ sl<ip to cha;:lnel I then rr¡rite and silace :l-u"

-LJJIt=.

E j-s ctrreckecl for storage l--i,'r.-i.ts -¡iolati-on. ilc>

su"ch checl-, is ma-de for El-i, r,¡h.e::e i=-l-r2...2t

lìrrrn-n 
^^-aê]J--"'v

Durnp core

r^h
Jvri.

For

(no ir,,nerar:n-ic; C )

fron location zera f-n l¡ i .rh ñ^Fô Te::r'¡:inate

a further discuss-i.on

Section 2.!

o:F c'l r,r'l-rr1çç¡j t',rt ai-rt,:l See

i

i
ì
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The Assembler reads 1108 Basic Assembler Language

statements and produces relocatable code for input to the

Loader. Separate assemblies are possibler see Sections 2.42

TheLoader,and2.6tJobContro1Language.FreeformSource

statements are coded in EBCDIC using card columns L-72. ir,,

There are t,hree source statement types 3

(1) A symbolic representat,ion of a machine instruction.
(21 Data item definition. li

(3) An Assembler directive which may or may not produce 
i,..

executable code. j'

Omit,ted from the simulated Assembler are :

(1) Èhe macro processor.

(2) label arrays.

(3) some of the built-in directives.
j

These are features whích make the Assembler language 
i

progranmer I s job easier but d.o not provide any additional 
.

machine instructions. They were considered Èo be beyond the :

scope of th&s initial pro ject. Future expansion to the ,,,,,

system could include the addition of these features . 
t;:;

AII synbolic machine ínstructions are translated although ,:,:

some are not implemented in the fnterpreter.

Assembler Instructigns

General form

$ (e) rlabe1 frj arurx

or $ (e) ,label f a ru, xr j

Where $ (e) is a location counter specification, labe1 is a

statement tag, f is the function code, j is the partial word

designator, a is the accumulator.

t: l::
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u j s the main storage add-re ss

x is ti:e inclex rec.iister

Sorne exce1:tíons to t-his general forn are t-he speci_a,l

rrnenonic J (';rnconcì.itional jr*rmp) , anr,i the s j-r.ì.u _ì-ator t s T/C

Íìacros GtrT ancl PIJT. Each of these instruct-ions hes fo::::q f

urx.

fl><a.ranle: ,,T LOC ::ather tharr J ,I_,OC

There are 3?. loca-t.'i on counters ai¡ai 'l a-ble f or Þi:ogira-nïiìer

use (C ihrough 31). Loca-tion counter 0 is assuned in control_

unl-ess another is specified. Once sl:ecif iecl" ð- 'location

cou-nter reina-i ns in cont::ol unt.i l- another ì s encoun{:e::ec1.

Progra:as rçritten in logical sections ina.¡ be req::ouper.i for

executj-on. I,'Ihen specì-fieC", the $(e) nusi:- coiÌllr.Lêi,lcc j.n col-uritn

Ã, rel aiive nai n storaqe a,:iC-ress is assi_qneci to each

location counter u.sinq t"he RIS d.irective (see l_ate¿- ilrj-s

section) .

The current l ocatj-on, counte:: na.1r he ::e:f erenceri _in tjee

oÌ:erand fj-elcl of an -instruct-i-on b.,z usj.nq the svr.ho:l- $.

Ä stater,tent laliel- is option.al anli i-f nr:ese:n't n,;st st..:rt-

either

(a) inned^iatel_v afteL: "* (e) , "

(fi ) in col umn 1.

Lak:els must be no longer than si:,ç alpira-nuraeric cha-ra_cters

of v¡irich Lhe first, is alphabeti-c. Tf a lahel is t.o l:e i;rse,i

outsíú-e 'L.he p::og::an it nu-st l:e exJ:erna-lj-zecl - h:,' codj-nq an

;;,'

I

!

i:: .
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a.:; terisli iranecl,iatcl=E afte:: the nnetnctric.

The opera-r-ion f i el-C o:f a-n i ns',*::i;"c-i:icn con-'¡-a,i n¡ a- si¡r-rbo'l-'ì c

representaticn of the -T- or f-, j sul::f j-e l.cls. llo:: ì n,st.;:u,ctio:ns
a Â^

'.+he.re f '70, -i-f j is not coil-ecl" iL is asslr.r¡ed- zeuo. ,'l]ìre

ì-f iold nra-v l:e coded in trvo Ì¡a,.¡s see General- Fc¡rii'l ahove.

The j -taiue can .l:e ¿ çì'sç-i-nê1 con.s'ta"ni--r a-n ocre-..|. consi:e.:rt, a

u.ser ci.ef ined inneraonic or a l¡uilt--in ;r,nernonic. Tabl e ?. 3 . l-

list.s all- i¡ui I'b-i n ¡rnenonics.
,t'.1..'t The f-f iel-c star:ts i'rith the first non-blanli cl:re-racter

i afte:: the lal:el. It. is t.er¡:inatei l-ry e, irla:rJi exce¡'l- i¡hen
i

i "f-rj" is coCco- when "frnj" (tthere n is anv nu:rnl:er r:f hlani-<s)

,., is allot¡al:le.
:

'l

i The oi:e::and" f j-elcl s'LarLs l^¡ith. the f irst non-l:la-nli
:.

¡ cha-ra-cter af te:: the operati on f -iel-d.. Sr.r?¡f ielcl,s are

I sepa"ratec1" by corTu:'î,as. rf one is or¡i-tted either: ",," ol: ",0,"
ì. is cocled. ff the last sub:Fielc'l is onitteC, a, coîl-:ra i-s not

t::-i

''') recuírec1 to ter¡r-inate the previous one.

The a- a.nä x subfields ma-iz þç cocì.e,L ê-s cl.ecir":,al con-slants, .,,,

octa'l constants, user def i necl mnemoni cs or buij-1:- j n

¡lnemonics.

i::.,If the u subfield is ir,:uned-ia_teliz p;:eceded l:l:' ârr asterj_sl{ i...

the i l:it of the lnachine instruc-uion is set to prorzii-1-e

ind-i::ect a-rid.res s i-nq- .

If the x-su.h:5ield is irnmeiliatehz p¡""eded by an aste::i s,'.-
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RtrGÏFTSP.S

fl_,-,,5

XO

)i1

.i.,¿

ü3

\¡ t!

)í5

X6

Y':

v9

x10

xtl_

rl

I

.)

J

II

q

1

¿J

o

10

't 'l

Table 2 .3,1.

a-nd

. :.: ;':.t:i.i...r. ",:..: ..: :

a clcl-¡i¡T TDi t, _ :,,j J-t tt _ì r ¡ 1r j-1
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7\ rì
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n/r

hG
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nl/!

f:-! J

L¿

1?

l/l
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11

aõ
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lcr

11
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1ll

aF.
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p.I0

lrr I

rì1î

113

'û1 ll
i. r¿ "i

F.l5
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t¡

6.8

69

7A

7L

'7 1

73

7 Lt,

75

1â.

-t'7

7B

79

Al:sa1 ut-e Adiì.rcsl:es

ii::eir,oi:i-cs.

PÄRFf,hr' l.jClÐ

Iì:ìlj 5ì Ï Gli¡.!OF.S

lj¡.em Lhs

0

1

?,

J

LL

5

b

l5

l-4

13

L?.

l-1

l^

4

()

f

.LC

L7

ll-.

i.::':.': :
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then the h bit of the rnacTri-n"e instru.ctian is set to nroi¡ide

inde>r register nodification.

Cor¡.ments r¡a:1 f o] low ea-cir soui:ce sf-ateneni. " . " ,

terminatestheasserc]:1erscan.Änent'i:recard"Tiiaylreursed-
i.'t'

for com.ments if " . " ÞreceC-es anlz othe:: clata.

Stateillents jrìa)¡ i:e cont:l-nued oÐ 'l--rvo ol1 TÌr.ore cartls .by

nn¡jti ^^ rr ' rr All d-ata af 'ber the rr. !r are -i-gi-rorec", and the -:t . sJ- uç! ç_'.r\J , qJ L- _!_rj t¡LrI rLt qlf il LIIIJ 
:..

asser,lbl-er scan starts agai-n in- column l- of ti:e ne,-çt eard.. :

Neitirer ¡nnenronics nor constants na\¡ be spliì: aci:oss .bi¿o ',';,

input record"s. Co-¡:u¡rents rûay be cont-inueci fcr Ð"F.-.;r n¡i-¡1J¡6y c'f
:

cards. 
:

:-
The .âsse¡nbler sleips the output lísi-ing to a new llaçie if 

ì
tt/tt ís coded in column I of an inpu-l: record-. Ä. lahel or l

i

location counter tiren starts in coluirn 2. j

r
Exarnn] aq ^

(1) r,A,6 .A2rLOC,3
(2) r,A A2 ,LOC, )(3, 6

( 3 ) LA,TZ A2 , I.OC 
' 
X3 

,.,,,,,,

(¿l) LtT'z A2rr,OCrX3

(5) T-,tTl 14'LOC,X3 '

I

(6) T"¡T2 0l-6,r,OC,>i3

(7) T,t)2 016r0L023r)í3 . COI,ïr{¡lt{:l
:.;

Tf LOC ís ::elative ¡aain store-qe a.il-d-ress l-C23ø then ea-ch itti'l

sta-teinent(1)t.}rrough(7)qeneratest]resaT3eo]:iect
l

cod.e l'iitir :

ì

'

:<

ì=^
J t,Ô
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-

I i.: a i:r

-l- ==

J

c\-

.1

Lt:23 n

J

ô

ü

lì- l'i :.4.¿:-!af )..L, r L:,

r,í -. r.. --1..ì- !
;r Ui-- LÇi lull L

I f:

r
Ê

Li = rcl ¿Ìtive

rl

li = t - fì. ¡1cif iCSÞj vv-i

i = l- - rliJecifies

1rì\ " f?\ rlì-1] 'i ?t?\jl +\J,, tt'J¿\ u t'\Jt

Locatioil counicr

U¿:.t¿¡. çjiliìcr ¿rt -! olì

-'.L-uc:- -cr i'¿(r! :S :..i...

ai'::;¿i::ii'il.'.úi-'ic (ri1ii L c;

lJOirl o i: t.L¿i':¿ *';c,.- :

l-.-,a- h ^airu¡ uI u'i rr.lLi

^+-l-- -,.,J-Þ l-ü Li. i'J.ir L .

^,i- ---.1- ì -.-. -";r ud-l- L:li!

-''-l l->i:- t '" 
'--J

r j cïicllð--3cs i;i j

3 i-s ín

inii'.;; l- c! j s-:ílI r,.oui i f ì c¡'.'t-i-r-.,;:

'i ud'i ¡:ect accir:e ssi-n,j

uri ti i

sL;ecific¿-rtic.rì is (jirccurt'LcrJC:.

1 a-.ir.;el-. 'i'ire ü,-.)erð-ilc| u

¡¿l¿ii1r¿ ioca,tioi: c-í iliis

ûontrol f cr tiii s ¿in.i ô. i i

ìc;c¿'" i-i-c;ii cou ir-LÊ:ï

is L', s ia;c-' ,ci:'t

to i:,:c

(.j j L:(-l(-_¡_i-iLj_-L ) t L

-r - ():: i.c,i-.ì_.:..,

- j jr-
c: L,, l- l l -!- u (:i- c:.: :

. ).:
UI L: JUuJ-u\:

j_a\flr-r^.:

'riiic! _l

i
:

s -i gr:,

!: lilt-.i

iì
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i.iur'ier-i,c j-tells t¡.¿.'.; i:c cigi:ir:ci " J:.-r-l cctâl v¿rlue ji¡is a_ zojlo

to t¡:e lcf t oi tìic r,iosÈ si.;iiì f i-c;rr.t ciic; j_t. ir cicr_li,:_ic 1¡oj:c_ is

9 ciie ::a-tcc, ii= ci tiicr tr:te v¡r iue ít tco I ¡-::r.j c f o:: ¿r s ì ¡g I r: i;o;:c¿

or.i rrl\rt is uoir()ci to tl.ie ir,il,Lccij_aì:e ::j_,;lrt c_,f tl;e lû¿is.L

-...: ----..: f .: -.-".-.r t,i_gi-'a.b-LUr;r! IÇciJ:. L U__

i,:i:rrii¡:le S

+û13 .;ei:cti:a'i:es c;cL¿,.1- ûcûûtc0,Jcûi3

û0ûcccûûcili5+l-3 gei:era.ì:cs octa_'1

13il genera"tes oct¿'.1_ û00ût)û0ûûttû ûû0t00ûûûCi5

-t27 ger:crates octar 777771777i 5û

;:.1¡;1la-nr-rnr-c::ic d-ata itelr.s allc c¡rcl_csecl in al:cst.:ot.,j-ies atìir

''ã\, i.-. ¡]..-,^'! ^.^ .-'.^.:.,-.-..:'..:lc{lr JJs i)-Lrlli:-Ll (J! Ltl.Lij¿!I¿t;Ll . ;'. si gneci i terl j-s ::ì r;ir-t -iust:-f lec"

ai:c, uero fil.lec to tlic feft. 1;1;signeci ccilsL;¿nt.e ó'irc l-eft
-ì,rei-i Ff r:,'i r'..-i filicc ;o ti.:c r:iEht r¡ith ].:'i anj;s" If a-¡ íi:<.-,1,,.!¿¿!u\.. L() Lt:L. r_!:j:r L \.r'¿ L1l J..,_Lrll.Lj:.,.j. I I i

ccnsists of six ai;:irailui:ieri c cbarac'te::s ojl l_ess oiie iiata
v¡orct :Ls gencr;:-teú. tieven to t.,"¡ejve chara_cte::s i:_re ;:acJreii,

into a cioul:le !'¡ojici. ;! rrD¡r ;;f''i:cr '¿ile clcsi nE , alcrs,crüi-:ìrc',

s; 'eci f i cs ti:at a- aou-J.ll-er.ço::c.l ì s-. 'L.o j::e gÊ¡:eïeL:ec].

itû3 inte rnal cha,ra-cce:: coç'ie i s 6-i;i-t /!,rairï. .;al.¡l c z "3 .z

l-i sts tire cocj-c:.

L:;;<a-i*ple S

tJì.gC I

+ r.l.itsC r .

r;\ric t u

t l'úcljjiirG '

.;'cl:cra_ -lcs oc -¿a_ I

: generates oc1-al

geiie::a-Lr:s oct:¿rl-

g Ci::e:,:;ì -:-uS O,: -Cai

nFî17 1 ¡nqndôÃ
vt.,,JvJ!..J

t0û0ûü0û(i7Lt¿

iì607iû05Ð:;û5

,-jc tì7iilii-i2i3

64



I nt t:rânn 1 
^

,..,\r\,.c LJJ!j!livI

00 a

ot (

^a 
\\) /. l

03 lt

fì/t rv*r I

CI5 l:la,n-l'.

^Ê. ¡\/U I\

07R

l_0 c

1.1 D

T2E

13F

14G
J.5 TT

l-6 r

L7J
I ¡.\ Ì,-¿.v l'.

2L -r,

22 ,ìi

2.3 it

zLt i)

1f ñLJ ii

ir'Lr.nctl_on

t1 ^;l ^

G::aph"i-c

SJ,'r-rho I

fl

R

:1

:!r

U

V

i,T

V

Z

)

+

€

9i

(

rr'Lr_nc1]l-cn-

CÕclre

ï,lli:1

ï T1¡) ) t f-l.r\-

lrli

jriSï

l,iF

õ1m
\.fi!J

]iï

DS]T

ñn

PÏ..TTI

CF

.a¡nÞ

p.rlt)

i.i]-,I'i

TAP

TOi

I.,ii T

fÌrï rì f r-î Ìa ! ;- Jr.r'L: t --::\.': ;.

ry1q

::ii7"

niî,
i.. -t-i

G::aph j-c

L:\t:ìr h^ |ù.i y.,,-./\/.L

:

!

f

D

¿

?J

4

5

t)

7

ôa

9

2

fnt

Coc"c

.E

)1

30

11JI

JL

J4

JÚ

40

lr l

/!?

I+4

Lt.6

lt'7

t:n

EI

J¿-

r'

OÕ.C

3-l

q/l

o.¡_

aa

Ell cla. | ñ

'7 1

'7?

'7 tl

'7 r,

t \.:

'7 '1

r

CL:a-ractcr Corr'-r

65

Ta.l:le 2.3.2a. âni:'J Fu"l-rcLi on CoLÍes.



Lr;9 SEiíDl E F L:1IíGTILGi

1- J j-.'u_nctl_on

7L 00 i,i5e

01 iriSi:;lE

C2 i::iSL¡rj,:ìl!SäG

0 3 r,,lsç

0 4 ¡,isr j

0 5 r''iSili¡i

0 6 I"LIS].

t7 i.iÃsG

lC DJr

11 ÐAliT

L2 iS

13 DL

14 NLH

l-5 Dr,Ì,.i

16 ÐJZ

T7 ÐTE

I ir'llh^ì-r 
^F

û,t

01 s]',J

02 JPS

0 3 .-flìs

0 ¿l AI-1

0 5 Ãirtli

06 AT

n1 7r-r.-lri¡\J t i-\rr!

10 äi(

l-1 ËF,

L2

'l ? r)nrr
+J J,.-;]LJ

1(r sciÍ

15 Llls

16 r_,s1,

t7

ir'flu.ci:aon

¡i.cc

'1ù .: t

i-..j 1 \ _i.r

;i.:].É.-

_t.i¡:Ét

ï.ql-

ÐÏ-,SC

T C( TI
.1 ! r- L.; \-l

1'FrÊla

T t]CT
¿.lr-/ *J u

Ï,DSI,

-rl- T ?\T Ðt\lLL I t 5.i¡-r-r:!i

sïï"

ï_,cP", Lr_,A

TS

1.)

'f- -.l

73 00

Û -1-

c2

C3

0l!

05

a7

l-CI

t1

t?

13

14

t5

16

t!

T'a-l:1e 2 .3 ,2b. Fri-nc'i;i on CcC-ss con.t.

66



-L j Fu.nct'ion.

7 4 00 J'.!,

O 1 Ji'IZ

T2 .TP

0 3 .Tli

0 ¿i J:(, J

0 5 liJä,I{J

0 6 irioP

0 7 F,¡-rlIJ

l-0 JI.r'3

11 iB
a^L¿ rJil.'r(;J

13 LrtJ

14 .ro

15 Jtiio

L6 .JC

L7 JI.]C:

77 Ct-17 -

AS ii 111'ilìï,;i F- LAiÌGIJA.GI

f. j Func'l- j-on

75 0C ï,rc

C J- I.,TC¡q

02 J:iC

03 NIC

c ¿i Loc

0 5 LOCiri

06 JOC

J7 lloc

1^ Tñ^¿\i _rJ"tl \-

l" I l,i7c¡1

L2 JFC

13

l- 4 i).,1, CT

15 P},CT

L6

J-7

f j Ii-rnct.ion

7ç 0c _T.z:

01 F.AÏì

c2 Pr,Ì

0:1 lrt]l

0ll i,IiF

O 5 T,CF

0 6 llicilu

T7 CDîJ

L0 ÐTi¿r¡.

11" iiFÀ];

T?. DFii

1.3 ]iïil.-)

l_4 nFi.j

15 Dn])

l- 6 T¡itT.,

17 TJ"CT,

:

i)f::

i-..

Tal;le ?..3.2c. Fu.ncti-on CorJes conL.

67



L)í I, r(:SS-l O:.S'

i;¡¡ef C.¡Cr e-:: eiCi,rCl!-;¿\-!:'2t Li¿t-t.¿Ì -i 'tÇjii j-S Vai'i C,, ¿ìlt C>lÌ_,::CSS-i_Cr¡:

ol' clci:,cnti.:.::;' itc¡.ls is ¿¿rsc va j_ir,. .¿_.ti ¡¡-.'ijic,s.j_-i-ü,' .. s i,ci_.ì ituc;_

cls o].:c oi: I:roi-(; cl <-:¡..ii,r:.'i-¿r,:--:' itci,,s coi'iilcc'tet., l.r1: ¿rir-i t.nLctic üï

l-,ooieari o¡;erators. l>;1-r¡sssj_cns are cvaiuatei¿¿ accc;rciir.ri rc ¿r

i:c j racir¡' c;f oirei:a-.'-crs a-iici use cf ¡a::cütirescÍ_;. ,_i-,;r-L', 1¿s 2.3 .3

alicr 2. j " 4 sutru;'.el:'i ze rlir' l)s f o:: e;r¡aiu-irti-oi: of iìsscli,;i-i¡
.,-^..i ^..^E/LIJ! v ù ð: UrIÞ .

::xatir¡-.l6;Er

( i) L l,: , >r*6

>l rc-:loca.taj:-,l.e, ú ¿¿Lsr¡lu-Le, resuit :lcic;ca_i¿ij_rle

(Z) + (/rlli;¡r + (íìÍi'i.Àj-+GA]ï:Ä) )

evailia't-ioii j-)¡Îji ûR Gj:\i:Llt:i. Çi ves iù.SUL?l aj_,sc;lt_r-tc

i\Lpli;! J,- IúI:SUL,Il gjves l..trSU¡'j' ::clccat"rì_-ic ii-

¿-r:.LPlì1r. is reiocatait1c

(J) -t- lli,Pil/i -- (.Lîr'J;i Gj:iij,Ã)

eva-ruatior: iÍ ¡jiTi\ cri:ii::¡a iiLrsul,T,l = I tise Lr.-sL¡'ii = 0

;!LPI{I\, iiop. LilÍ;ui,!,i giysE; tiilsui,T abscl-u*-ue. \) .?'
I ::i:

Li ne iteils

i1 l'i ne it.err is ðì ijne o'i-'s1;¡¡¡þ6fig co(.c:, \.-ìtr-r üc l;i.,bcJ_,

enclosed iri pa-reii'titeses. ir' ËreÍix oireilatoi' ciisi.inguisjies ¿.ì.

ii¡ie itelil fro¡:L a iitc::¿:"i.

ir! iii-e::ai is a linc of slzi;'¡136]i-s üLlLi.3 ccri,plç¡siy eiic-i oSec,

iit ¡,,areütireses. lile rJoïc. o-r ciouj,ri+ ilorÇ- gcr:erateci biz a l ir:e

iteril ris 1:laced- "iìl liire", i.e. a-t.i-jie cu::reiiL vaiue o-i tl:e
rocatian co-unter. l:, literai gei:.c::atcs tlic ii'crjL: ¡ e)l
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Orperat,cr O;ceration

lIj-ghest Pri.o::ity + .Ari'th;¡.etic su,m

Arì thrietic dif f e::ence

>ir '1" I,oc -ì-cal- ¡:rod.'-r ct

*Jr Loc;-ical slltíi

L'oEica-1 c;-if :ierence

a-:]: has r¡a-Iu-e I if Li:ue,

r ln ll ll 'l j 1c J-r^rrac¿ j.J J J-i- L!U-çi,

Lol*est Prioritr¡
u 't I l_eJ-se

- 't- lr l! 1 : Ê t-.-.- ^G -çr i _L -r" LJ_ tI i-j ,

i/ J -!- .L Cr-!Ð t:

Table 2.3 .3 . IieÌ rarchr¡ of O'pera-t<¡::s.
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A3 S]J]{RÏ,EF. LÄ.iJGi]A.GX

i'l_rÍit' Jt-elr ìne-ra frnr- .Fecon,i f i-e.li
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ê.nir

Ãt:'¡

l''lot re -l-oca-'La-i¡l-c

i';lot ::e -l-c'ca-Lai:1e

F-elocatal:l-e

Relocate-b1e

Fesi.:. -'l-'l:-

ldcl'r', ::e -l-<r c ala_i: -l- c

Tiio'i: rel,oc a'{:-a"h I e

l;lot r:elncatah'ì e

i{ot ::ei.oca.ta.l':l- e

Re l-ocaÌ:nJ::1e

Rel-oca.t-al:l.e

Reloca{--a.l:l e

Äny

An-.1

Ànv

llot ro J-oca-ta.ir l e

Ref ocatab1e

llot reJ-ocat-ahlel

,!"e1ocata"ble
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+-L
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-L

.L

+

+

Tal¡l-e 2.3.4. Iìu.les for L-rete::mi-n.incl lnq;rI'l- nF f'':-,ar- ct {-J-Ui}li .
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çorij;rc\,.7oru-, "out of iir:e" i.i: a 'i iterai i.,ocr . .j-.irc ¿.c,-c-i:ess <;f

ilris \,'ollü. is 'i nse::tei a,|: ¿iie cu-ri-ert't yaiiic of .tiic iclc¿L,ticir
rr 

^ì 
¡ ;r -:-,. Ì-gult¡- LUL .

f:ie-:re i s í.t. i-í te::;Li ,rcol i-'C:: e ¿..c1¡ of tlrc 3 :l _Lc;cal.i ,:-:rL

counters. ijui"'i:,-ca-tc iite::¿ij_s e-l:l-jcar cr:i¡' Cìitcc i¡, c¿r-c.i: i,,ca'j-

j-,ut iile se-ilìe i'i te::a,i irìa)/ be: in seve::aJ- i_,ools.

I ;i a.iri ¡:r J- e s

(r) L r',2,(CI734)

i:achj-iie cocie gei-rera'teü- ls

L Ä:rltPl

LPi t7 34

'-'ne i-i-teral ù7 Jq i s inser i:cci. j n,;o -i:ire ii_tel:ai pccr f ar
tiie cu::rcnt i ocatioii ccur:tc,:r . L.iier ¿rclti:,:cs s of tire l__.u L.er:al is

¡;lacecr iü tlie ii:struction.

(2) L i\2, (L ;\,i, (L I\4, (i:;7) ) )

'laciiiile cccie ¡ erie::a-teci. is

L, ,:i 2 , l.,P ..J-

r'i.r-L t iii r;.,P1.

ll-,f L t\/lrl,P3

1,P3 67

-'i te::ais i¡i'tirili -r i is¡¿--i s arc 1:e:::i-.r,ittcci_ Lrli., .to c:i,..; i-;.-i-

ievels.

(3) li, l\2t+({r7)

+(67 ) is i:.ct a- iii:crai. ()t:çe gcner:atcc is

'.: l
'' i

!:::
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L 1"2, d7

I

¿ì-ssci:ibIer- l'i ::e cti'¿e s

'ijle generai 'i'cllrr, fo:: ctirec-tj_ves is:-

:-(;U ciirccti y6 
.::

îiie LÇ:U clirectir,'e eijLtates the ia.j_rei to ti-:e vali.te o.i ti:e
i''l:.

^^^-i.,.- i:^..-^.--:i - .-cì;.I:rcss'r ojì. r-,e¡:cr:cìi:.9 orì t::e c)..j jllcssiöíì srJ .t].Le va_1-r-rú ci- i:iie j

iai;cl -i-s rciccatal;lc o"': l:c'L. 'ri:.i¿elii ari ðli-rË,ç1-r-i¡. võiieic', i-s 
:

cicf i r:.eci, t.iie ircf j-n.-i- tioi. i:lit-s-t -;:r:ccciie t-.:e f i rsr use o,i L:tc :

:

variai¡lc . :

t:

1 ì- --..-.- 1 .- ^t1!Cfi!!rrIgJ

( 1) i\l,Pi];1 i;Cu 6

L :trijlìi¿ -t- j:i,i:i:À

iile ¿i..;:sc;iiite ve.lu-c 6 is ;issiç:ir:c-i to i:.-iFliÀ ricj -i-llc¡ st¿r'ti,iciti;

beco,:rres

i, :iriìlT:ì * tj

(2 ) iil,trllil, iíìi¿ ti + Z

Ìiis] cu-r::c¡it v¿Ì'Ì r-,].e cf tiie l-c;c;-ti c¡ii coä.i,Ì:cr ¡.,1us i ls
¿r"ssi cjiiecl- to |LPIjÄ. íiï,lll,L i s :rc'j i,-ca,-i::'_j-1c.

¡-l:-, ..'i::cct-j vc

il:c XÌlU ii-ì-r6-rt-tt,r. ì ns-t::r-ic-Ls tjjc cìs$í:ìiìl;1cjt .¿ii¿it l.irc

a-SSCn1-,1;'- :ì S CC.,.,ii]1C'cC. ','itt:::e iS eí]C ¿i:tci C::-t i,.. ti:í_ r;11i.,

;ta i-c¡ien'i: j-ü e¿r ci: .j-.,ïcr,Lï¿ri:r. Ti:e vali¡.c of tiic c:;ì_)j:essior: _.i_:;

rcloc;aiabie ¿ìnct 'i s i'ô-sSe{ -tc -tl::.r: I-oa-r:]É:j: i:ìs -tiic e>:ccütj-cn
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i:;:+::.1:i:';i::-i;::::l:rÌ!::r::; .:,:,: :': i:ìl l: :iir::t

.:'¡¡ -ri'i n,-r :r,rl rnccu es! e+rrlj çJÐ .

iì.l;fl riircctive

'j'ltc i)*XS ciirec-Li-vc is LrfleLr- to

(i) reserv(-r a" i.'i-ocl; o'ì' t.voïL.,g

( 2) assi-{-iir ð- i:el-ccaì:ibie acicil:r:rrs to ¿.,, icca't-i-c;i'i üc'ùÌr):ù.e:,1

I.o rC,scrvr'i ¿r L;lcci- of \,,¡oi:-cr3 ¡:iÌc o:;¡:-r.-es;s:(;:.,.::r,rc.iitcc:;1:c 1.,_T.,

aj;scl uce v¿ili-ic ec¡eia-i 'i;c tjlc rÌiiiilue ï o'i= riorc:s ¡:ecju-i::ecl . j,ller:e

is iLo i::¡í'i:i¿r-iizat'i oi.i. -firi s opcra'uicii is ef f cc Lei. -,:; ae:LLi_:iiir

¿rie va-l trc c:- ciie ù>il_rj:cssi{:ïr 'r(] ¡jirj: üLl-ïïcir:: r¡ar¡_c o_j_. ¿-]c:

j.ccaiic:,

':-c' cl{..icil- CliS -cci ¿i I <;ca-L. j c:¡: ct:-ul1: Lcl- ,

i. l'j:e va I uc c:f '¿lri: r=:,¡,rcSS i i.:i,

cr;iL¡.itc::. lliu.Ít -;c 'i iri_ti¿il -i zu ç:

va-'l ue iiitict. i;e tirjj'i:r¿lû-:(j.,; f:_-cl l

j>,i,.,í)

i:5t -,-.,^-.....-.4,--^ci¡:J Þ ç.i. !Jr I Ur IÕ

l..ef c::

ULrL/:.1i LLji- .', o

Lr-r oir j eil-is , Uir.:.¡;te :: IV .

i¡'OïCiS
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Íjr:c'iloiì 2 " Li Titit LOÀDIiì

Tire 'Loaciei: I cac, s ::cic-.c¡':ai:ic r¡:a-cll:_nr:

ir LLjJ- Ct!'ti

certaiír fielcs u.sed. ìn l:::oc; ra_:.r e><ect:.1-.i-cn. lr-lle ìn,::r_:.t to tirc

I oac].e:: i s orÌe file, or several concatenated f ires
of ouLl-.ut f ::oi,l 'th.e asseiÌì-u1er. i'lie 'i rii c-i¿ri r¡ers i oil cf i.l.le

loaucr . i::cacs .i-.i're ::clc.-ca-ta-r;-1 cl arici:csses ¿ts absoirite values.

rj"rse ::cl istcrs siicluic. i:ilri::ct'o,':c cci:¿¿riii =€ìr:os . Si;ì.;scr3ticiic

i-c;a-ce::s l.¡iil ¡.'i içi,i -tiic ilse:i -tc rcl_cca-te .r'r'i s ;_)ltoc::ai,:. c,.u::i i:!

i¡ilo! i.ai.r e)i(ìcLi-tiO;] .

Ir- a-rÌ ¿icici::cst -i s .]-css '¿liai:. 2ûû 'L,irc i,¡o::c. -Ls ic;:.iic* j-rr-Lc

iiiçcre ij, S'tc;i:;r1 C. i'ire uS(]ï fi.Lcul <; 'i.ic: ¿:;:,.iL1.ie a¡ tl.re i- j-;.:c-,

äL.i:tîÊss assigiu,Leii-ts (se e ljcctioii l. i) . T'i¿cse l ccati ciLs (2ùt

ì:o 24-/ B ai:.ci ZtZ ? ) ¿i::i: ail i n j-tia-i j-:' ic;¿iuetj- r,'.j tri -ulic

insi::u-ctior;

Íjli o':i5C

itlotc : u7 =. t r,¡.Lre Li i::r'l-e::ru;'t cccuïs , irencr;, oo sliec j_f i cs

ai:scIuLe aaCiressir]E ra-t;rer ¿iie¿:.r inC-j_rcct ac,_Lr.i:cssi l1g

i . e. store il:e con'i:cirts c-rf p-registe:: ¿rt al:so j_u-te

lac¿it'i on 250 ^ aiic; juil¡: i:o a-iisc I u'L.c lccat:j-on 25L a . ji. L,-L¿i-iir

ccre ins-Lructiol: "i s -i 
c¿icj-ec- ¿.''¿ ¿iiic-re ss 251g.

Tiic u.ser i..,llo:,raili i':t¿iy o-,rcï:r i cr., aj.), o-i' tirese ii: s,È:i:¡_c'cic¡rs .

C¿i.::e sirouir, i;e -Lai;e :.i ro ca_t i:u::c .the coi:ten-Ls cf tiie

P-regis ter ciuring tjie i.iat:c. I j-¡1,; of a.il .. i.i-Ler::rii,t . li:.i s;

iuri"ilies cociing eíiiier ð. $i,LT or r-iiJ iristructicr: a_.i: i:ire

irrtcr::u¡:,t, lcca-ti on. ü'i a-i;ci liL; are set .tc; L ¿¡.u"Loir"Latì cail;.
r.;l-ren ¿rn ìi:terrutL occu-rs.
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iiotc-: : T'ir.e ioa-ue:: L,_ûcs jto-L. ciiec j. i:o:: rur-;l i cû.te a_ciciL:esse s .

Iii:'en assc¡, .,r1i r:E Lise un5-c_rr_i.e ¿:cicL::csses fo:: <::.r,cli l;-uoÍra;.

secti cri:.

T'ile I c¿icicr: i ¡iì i'j ¿-r'i ggg f-ìcvcr-a i :.i;te.i.r¡L-L i-í-:)gi ¡;-;¿¡s ¿r.l-ìa.

sl¡itc¡res " See :.arÇìUrai.r:.i olL ïni Lia_ii.-¿a..L.icr:. Seci:.i c:i ;:. .5 .

t .. . '-.:

:' -.: .
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c:E'rrt'ìrl-ñtl ,) Ê rrrÌl¡ Tl.rrFT¡Þ!ìllT¡rraTtrì i, ì -ìL;f,U1. l.!,i. 1 /-¡i lJ.i r;.iJ_-I\J,.\l-:.J.JrJ..rLI¿j

Tlhe i.nterpreter sirnula.tes tl-0 B harcrr.¡are. The in j. tia-l-

contents of the P-::egi-ster is =ç¡ þr' the 'loa_der. r,ogícô.l_lv

the interpreter functi-ons as fol_t_ov¡s:

1. obtain absolute address of inst.ruction f rorn

P-rec'ister.

2. Fetch i-nstruction fronr. raai^n sto::a-oe int-o control
section.

3. Decode the i-nstru"cLion.

4. Compute the effecti¡¿e a.clcl.ress.

5. Perforni the ope::ation specifi-ed i-n the insL::uction.
6. Continue at J-, except if the operat,i_cn jr.rst r_,e:rformecl.

l.ías e_ither

a) l:errnj-nate the job or

b) Curnp core anci" ternj_na.te.

The terminate instru.ct'ion i_s ELt ,077.
The cl,ump core inst-ructi-cn has f - 0

Each i-nstruction is clescri-h,eci- fulr-'".- i-n secti on z.?". lny
not in th.a-t section :',s not implenented, j-n the sinu_t_atj_c,n.

F loating noint. arithraetic and. some r/o inst::ucti.ons J:a1.1

-i-n'to this categcrir. If an atter,rp{: is macle tc, l:e::for¡l one of
these instri,rctions a-n j_nPlenentation_ int,errnï:i- occl-trs. T,his

interrup.¡ is uniq'u-e to the sim.u].a"to:: ancl, t--re,r;s to absoluto
locatj-on x0C252 , r,¡here x = C(tlSR).

The sec.ir-rence of opera.t-ion d-escr j-i:ecr aJ:,or-¡e -is j:,;:ali-en j f an
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ìnterrulrt occurs. Tl:e cont"ents of the ÞgF, ¿Te storeci cr.t

ahsolute loca-tion zel:o prior tc execu.t.ing the instruction at
the interrupt location. l:tote tha-t the con.L.ents of the
P-reqi-ster is un-chanEecl. i . e. con ta.ins the acl_dress of the
j-nstru.cti.on tLeinl- execr:tec. \,¡hen the -inte::;:u_nt oecurecl nL.us

vl.!ç r

DNBLTG ATDS.

To a'ssíst the u-sell i-n äel.i:ç-çi-ng l-111 assenJ..1er llrcgrâ.irs
certa-in fea-tures ha.ve ]:een inclu.rierJ. _i-n the _int--"6r.¡i5çter. ¡.

progra-in tre-cc fa_cilit;' is provj_c¿.e<l. ittr_j_s pr.ìnts tne a_cd,r.ess

of each insträcbion execul-eci. That- i_s, tlre con.Len.l-s cf Li-re

P-register: prì.or to j-ncrelrrentatìon. I,l,l:en e-n i.i:terrupt
occurs the a"ild-ress of the in.terrr:pt location is not cai:tu::e,j-
t^tz .t-?¡^ .t-e-^^uY L.uci Erace. For example, con.sicl_er tjre !ol-1cr,¡i_nci seqltence

Adclress

0a247 g

00260 I
00261.o

01004 I À 2 , D.SOir--

Tnstruction

Lì I! t,¡

n

1

l-\ T

, *026n

A1r)þ03rn

suppose a d.ivì cre f o-urt interru-pt occurs r.¡hi-re

the instruction a.t location Ol0Ctt g. The systerir
'l ocation a0247 

o r,.rhich transf ers control to locat-ion
A tra-ce rvould produce the follor,,¡inci outT:u{;

executi
J-ø¡--^L¡T¿;I.J}

nrl?rî'ltJlr¿(.d
i-i

nõ

-L^
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'.. .1

c00261

The core C.ur¡n is anoLhar r'lclri.'¡-i Fan'i litrr ¿1r¿-ì-f ¿l^l-c. The '

proqran is termìnater-L after thc durnn. For enre cl.unp format

ref er -to Figure 2 .l¡ .L.

Description of field.s

PPPPÞP contents of the P-recÌi ster.

RBBBBBBBBBEB contents çf the FSP,.

CCCCCCCCCCCC contents of the Si.,i\.

nEAËÐE absolute \ralue oi= the last ef f ec';'ive ad-dress

computed..

IIIIII adclress of the last interrupt trap locatjon. (The

hand-ling of thì s interrupt. rnay or rcay not be

cornplete. )

FF chcì.Ênel nurnbe:: of rnost recent f/C interru.pt.

G CPU a-ssociated lrith most recent f./O ir'"te::runt.

IìI:T cha-nnel numher of nost recent f/A inLerrript for eptl
!r^riu.

KK channel nu-mber of r+ost recent- T/O inter::u-nt :for: CPr,'i

i-¡IÒ

L nu.mber of CPU perfor:ming this ins'cruction.

i'{ contents of the LI,SF,.

I'iiiNli halt key settÍ"ng (i.;inarj¡) ,

ÐD contents of the channel select recjist-er (CSR) .

J con'Lents of the last adCress register (LAR) .

S interrupt sr,¡ìtch. Zero ind-ica-tes that the Cpt.i v¡ill
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:.;.¡.;.;':rrt': r:.t: :.:

TÏitr T}JTg:}ìPR]¡TtrF.

ctlrrently al_Ioi.r all f/O interru"r_.Ls. If I then a

prevent al-1 r/o interrupts i_nstru.cti_cn has l:eon

executeci. No I/A j-nter,rupts are cu_rrentll)¡ al-l,or.recr,.

T' l-oacl processoj: state sr..¡it.ch. rf se.{: I j-t- incl-i-ca.Les a_

l,Ps instruct.ion ha-s heen executed- Ì:u-t t.he ne' p.sR

ha-s not yet l:een roaciecr,. rìefe:: to geci:ion 2.2. fcr a-

C.escri¡ition of the cl.e1-a-1,' in. t_he ï,pS instructic-.n.
.avlaAAT\ a-cld-ress of the first r.¡ord outr:ut ilri_s .l-i.ne o:i:

du-rnn. rt refers to ei,t--her a cont::o'l rec.i-sle¡,
hiclCen storacfe or i.¡ain st.ra_ge acl.iress. .lli.crht \..iorCs

are outpnt Fer 1_i_ne. The aC,cl-resses ar-e

Ã.A.A.AAÂ. ,3J:\Ä-A*1 . . A;1êÃ/¡,A *7 .

){xxx-:ix:í:{iixx}{ is the cont-ent-s of the contro_'r_ rec.ri-ster,
hiCden storagie or: nr-ai.n st,ora_cle ,¡o;-_d, a_t the aclcl-ress

ti..'-'

.l

indicateð. b:¡ ÃÄAzr,\Ã..

A core dunp rnay þ6 recruested,

result of a proc,ru:a.m error. To

f6lf6r¡.zi¡q,r ¡

tlr¡ fho r\-r^riY,, -.,,,* -r.irt Oi Inc-rrz 1-ê .Lhe

rec:'Lr-eSt a_ core clt:::lÏ: cr:,i"e the

T., A2 rr"r4¡,1

Ì.iI A2,t¡¡¡.,2

s Ä2,vAL,3

L'

The constant ze:Êo,is progra.inmed where thte dump is required.
Af ter executi nE the store ì nstructicn. the interpre.i:er:
proceecls to the next sec'usi1¡io.a ì nstru.c'l--i.or. r i.¡h i-cir ciu.inr:,s ,core.
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,.-ì.a:,t't'

ltllL,t rt'ltillf lì.Þll.lTIt

ir spec j-a 1 \¡ers i an of - the i_nt.erpret.er j_s ar¡a j -l- a,],1 ç tc
Tlrovice "r'iini-cii''.r-rFS rr i-.ef o::e the e>recu{:i-cn of ea,ch

i nc{-r^rr¡.t-ì nr^l¿r¿Õ L¿ Lru LrL,rr. tlse r,Elil-1t I fo:: th_{.g f ea.+*.r_t::e. îjie noi:¡ra.l

ì n1-e::Freter -i-s r,]lxll-0c (see sect:lo:. ?..5 ,lo1-, control_
Langua.ge) .

A "mini-d-u-rnr:" j¡rints 'Lh-e conL.ents of eigirÌ- r.,¡or:c'l_s L\

control registers and. 4 ¡",a_in st-ora.cie loca+:_i_ons. îhe contro_l
registers l-4 17 inclu.sive (i.e. 1\2 - A5, 16A 21g) anci

the na-in storage v¡ords at aJ_d_resses 514 5l-7 incrusive
(i.e. 1002o - l-005) are output. I'ìote that- control recij qJ. +rqö 

- -- -{- -^ * . uv¡f, r.-! \ rJ- J- ljr r. ir r-Ç:! ,)

14 a-nc" 15 nay ì:;e either accurr.ulators or inile:< reE-is,cers.

rf a- Trr:ogran is \,;ri tt,en to use tliese con-Lrc_r- r:er_¡i-sters

a-nd four rnain storage locations, tire m.inì-dum.p ca"n Ï:e of
consicieral:1e assistance. Ilhen tl:e pïocît:a-iyì is dehu.ggecl

reinove the :ni-ni--d"ump by execr-rt-i-ng LEXI_i-cB. Tthe :nin-i--cr-,.r.i,..n i.s

illustrated- in Section D: Sampl-e llrol:l-ens.

sulrroutines are often usefu.r- for nroqran test--i-nq. cne

su-ch routi-ne is -sa"rnple pro]:lern 3, ;qect-.ion i-)¿ r,¡lr.i_ch prints,
in ]:oth disnlay ancl octa-r, the conten.ts of orlo to seven

worcl-s of maån storage. ,,ihen testinq i-s colrrpl_ete rer:1ove the
subroutine ca.lls.

fÌ.f rTrALrzATroli.

The f ollov;ing

P-::egister: value

P$F.: 000CI0017700C

are initialized at procìfLð.n e>tecut:_on t j-ine:

ta.l<"en fron Et'lD statement.
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TI'IIì T liTFF,Pi:ì;li'En

J¿r - U

DU = lICo
U

DL=1

lill other in.ternal rei j.sìter:s a-re in j_ti.al.:"zec.r a_t z,*.Tc.

Sr.ii.¡gh.=, srl-c:: a-s SELIICT ,rIi.l'lPÊ and SFLICT SilcpS , a"-re atL

zero.

ìdote: there is no in j-tia-lizati on of control reqi ste::s or
na-j"n s'tor:age.
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SFCTIC}{ 2.6 JOB CO}ìTROT, I.,Ä}IGIJAGE.

Jol¡ Contr:ol f,anqr:-aqe dj_scussed hcreìn is for CS/36A l{\¡g.

1*'he .ncst corßmonly used" JCi_, is tistec'1. helol"i.

To compile a-n 'l 10¿q Assernh'l e:: lanquacTe pl:ocTrajr

//NAI{iE JoB , a/c j.nforr¡.ati.on r rÐrogl:aîruner

/ /JABI-T,B DD ÐSÌl=RLt'iÀCL .A0224 .lìÄCLItr ¡ DISìr:Stitr,

VOLiIi'.fE=StrR:tli'1 1 4 C ¿i, TJi,it TT=S yS tl

/ / ilxEC PGiy=AS:t.tll0 B , p,irÇ-ì s|.r=/¡ i1:

/ /SYSUTL DD þ$iìr=f ì'l snaiiel rT-rî.îTT=SySDI,,

i_.'.

j -..'

VCLU,YI_Ì=REF=CI1.:IE . MONTIT ¡ I)ISp= (I:lîi, ,ll:jili.tTE )

SP¡ICE= (Tp.Ïí, ( l r l), RLSE)

/ / SY ßUT 2 Ii D D Íll i=f j. I en a.r: e 2, Lîi;tI Ti'=.S )fS l-rJ\,

VOLL¡l4Il=F,l^'lT'=C).iIl . Ì.{O}ÌTI-I ¡ DTSp= ( j{¡-i,T, nîI,r,,n.r:î)

KF¡IP

sP/\cE: (TP"K, (1, 1), RLSE)

/ /3YSüT3 DD DSIrT=fiIenam.e3, Û}\TIT=SySDA,

\,¡oLULlil=REF=Ol,iE . ¡{Ol.:rTIi ¡ I}TSp= (i,IFIi, i¡F].ETjj) ,

SPACFI= (TRi'í, ( l- , 1) , R]:S jj )

/ / <:-,., c:frT) T-ùr¡ìr rìñ/ / ,¿:-ur.,\¿r'j t uD SIISOü,I-=Ä

/ /SYSUDUI.ÍP Dn Syffouif=Ä

/ / ç,\tg, T¡i nn ':.

soLr_rce sta.fernents

:.---.
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T'ire Fa"i:t-.iti-orled- clat"a. set î.ï-,:iÀct.Ä0224. F.âclir (on

Ferrr.?nentl1z inounteci r¡olu.nte llinl,Llt ll ) conta-ì ns tl:e l-oa_C :nc<f-ur.le

¡rr-ql'{ll-Û3. Two te::r;oora-ry '",¡orJi f ìles St¡f-lliTl anu S:1SrlT3 sj.lculij.

be del-eter=. af ter the a-ssenbly. I]h.e relocatal-l-e nclc-l.r:,le

proctucec- fror'r the a-ssem?:ler is r^¡.;_-ì-tten to tlre fil.e sy;qil!]2.

To conpile, loacl. anC e>recLr-te an l-1$fl ð,sserhler lairqua-rríe

progran

//tt,l,y¡l::, JOB , a_/c j_nforrnati on | ,proc;rajr.ìlner

/ / JAÐL]E ÐD IISIi=RLI"TÄCL .AC224 . lt¿.CLIR , Ðf Str=SIrFr,

/ / VOLUI'{E=SI;F_=IIÌ,11 4û t¿ , UtjI:i=SltSìDÃ

/ / xxllc pGli=ë,sì,Il1CI g

/ / sYsuTl- DD DSll=f i'l ena-lrìe1 , LTì)iIït=SySDr1,,

/ / VOLUI,IE=REF=OÌ',]E.i:lOl,TTh-rDISp: (¡¡g;¡rDEI-,nTi),

// sPACE=(TP.K, (l,l),nLSa)

/ / SY SLIT 2 DD DS t:t= f i len..irne 2, LÌNTTll= S)iS DÄ,

/ / vOLUH_r:]=REF=ONE.piCìlTI.I r DTSp= (iqnlq, pA.Ss),

// SPA"CTT= (:itP,K, (1,1),RLSA)

/ /SYSVT3 ÐD DSIT:f ilename-? , UlírT=SySDl\ ,

/ / VOLLiI{E=F,EF=O}ïI . jríONTIT r DISp= (}iltÌ.I, DALÏTTE } ,

/ / sPÄcE= (rwi , (L ,I) , RLSF:)

/ /IIYSPF^I}IT DD SYSOIJT=A

/ /s:{sulvll.{p llD sysolrr=Ä

//sYq,lrr DD *

source statem.ent.s
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:ì:riì:.::;rìr:.ìr::t+l t:;::;:::;:::.:.,;lr.):.;':.::.?,.::1::::t::;.;:¡;:!:i¿i;:..|i::¿lt:i";::ti:.î::::ì,::ì.r:..;,t.i :J:.;

JOR CO}.IT]ìOL T,AIiIGTïAGE

/ / EXEC. PGi4=I-,F,ï110 B , pI_Fii= r.rIS=size 
r TP-AClï= i.¡c | , F-EGIol.i=7 ÍlIi

LEY110 B t¡'Es

/ /ewqrr.Ir'')
/ / r-jJ-t-vL1. DD ltSl:t=f ilena¡,re2 rDISp= (, DEI,ìÌTìÌ) ,

KFlllt

l1N T f = $ y e D A, \'OIrI-1Ì{lI= R-'i F= ONF . I'iOl.lT}j
:

-/ ./e\.z(fr)Trrr.rm
/ / r.. J- u ! ¿\r:\r i-

//SYSUDLTi{P

/ /sYS ri{ ÐD

progiran:r"

/4,

DD SIISOUT=A

DD SYSOIIT-'=A

(L

da.ta

For a-n explanð-tion of the compìfs JCL see a-]:ove. There

a,re tv¡o na.raneters 'inFu-t to the T.nar1er/Lnter¡::ete::.

(a-)i'IS=XXXXX v¡here XXX,rï:< j-s a- decina.l inteç.rer etxr,rL. t_r: t_he

1i-0 g h j-qh raa-in storacre aC.C-ress reciu-ireC-. )(){X}(,::I

should lie on the ra.nge ZE6 to 4093 t ay 32768 t.o

36863. Defau1t. is 3G863.

(b) TIÙ\CE= YTÌS

I:üO (defaul_t value)

The trace pr:ints the val-u.e of i,he p-recij-s-Le:: i¡rj-o:: to
execuLion 9f ea.ch j-nstrr-rction.

ilhe reloca'ba-hle rnoc]"ule is loaded fron the f ile SLSUT2.

separate assembrv is nossil:le by concatenatinq d.a.ta_ sets t-o

forrn the logica-l f ile SYSUTZ.

Tlo execu-te a prograrn. prerriousl-¿ conpi.,l-ed.

//!iA!.T: JAn ' a/c infornation ' ,prograínjnel:

/ /JCnr,T,B ÐD ÐSN=lti,t,tAcr, .AtZ?,¿i . j1ÐCLr3 , DTSp=SïIlr ,
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.ÏCB COI{TFOT, L.AJ.:IGI,IACi:--

// VOLUI{E=SER=l.ii\.{1404 rIINIT=SySt-.A
:

// EXEC PGI{= LE)(tl-cJS rPA-R}4=rr'::is=s-i.zerTP.ACF= }:tof ,p..EGroi':i:7Bj{

LII-YI-IO B yls

//SYSIJTZ DD DSN=f ì lena.rne2 rDISp= (, DELFTFI) , I

i::ì:l

i{rÌilp i'"

/ / TTNTT=SYSDÀ, \¡otu¡1tE=F"FF=oNE . j,foÌ.:iTli :

//sYsee.rl.lr uD Stfsour=ê 
,

//SYSLTDU¡4P DD SY$OUT=A l

//SYSrtI DD * ,,,
i:-:
:...

proqrar¡ clat,a 
,

a

.

/4' irlote: Use LEY110I insteacl_ of LEií11-0 g tc c,et ilre

"níni-clump" debug fea_tu.re.

Core F-eclui rernents :

AssemJrl-er 42I{ I:}¡tes.

T,oaCer/Tnterf:reter 3BK+5 (1I0 S size) Ii1r.¡**. Fo:: exa..tr"nt e

7BK ís requirecl for â BK llCIB s\zstein.

:
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Secti-on ?.'l .tIiìtFtCR COiltrS.

r¡r::: 'tjre ¡rost ¡a::t 'Lhe Llsel: j"s 1.r-râr;Jâ-r€ tl:at his n::oc¡rairr -is

e>;eci-rtec'i" b:¡ an I3ì.i 36e/65. tlos'L ej:l:oïs äe1:"ecterl qìve

anpropriate l-1c I eiaror iìessa-Ecs . T'"he::'e a-rÈ, he..rcrrç::,

ìnstances r"çhere rRI''l error codes are çç.i,n¡-t. Thi-s n:a1z occLr.r

!:1t uf I

(a-) Ti:e Lr-ser ste¡s l.re",¡ond the ßcope of the sYsl_ei,i ancl

atierîI'ts t-o u-se ân l_108 feature noÈ iir1:lenenteC..

(-b) The slzsiç¡¡r. Íails.

To correc'c a-n (a) type error the user si:o'.¡. lcl. cons'ir.l_t tlie
User Guiile , noc=,ifl¡ his prcgra-ür and re-sillrrìj_t the job.

iÌype (b) elrro:rs shouLä be ::eportet'Ì tc a- Svstens

Progratiririer.

The Assereirler.

source sta-temerrt elîr:ors eÍe listeci in the Assein,bl er
nrì nÈ Trtno J.i¡na nf ãT-?.l.¿r-¡1 L. i.JJe eJr/\.: ç¡+r)T l-s reFresen'Led br¡ an a1phal:e{-*ic

cod-e r'¡hich -j-s Í:rintecl" u-nder the hea-rlìng "irrror i¡rar;-s". A

rr J¿ r¡ is F:laceci tincl-e:: tire character r¡¡l:lel:e tire error is
c?etec-te¿]". rf the eri:or occl-u:s in an ari..i:hinetic exFressi_cn

the la-st ele¡¡ent of the exr:ression is flagçrei..

Error
Iil ¡rr

D

J]J

Descrir:tion

iluplicate la-be1.

Inr¿a-lid- Expessian.

LTser Äcti-on

Correct and r-e-si:.hrn-i_t.

Llter e..:pressi-on a-ncl"
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:::':.:i.ìi..:ìr:,,:]ii:1:::ì::::ï:::t:iïrì;i::::;',:i:r:!:":{l¡i ¡'Ë,.;,:'

L]

EF.ROR CODEFJ

fnvalÍci instruction.

Level line itern or literal

nested to a ilepth cireate::

t-han B.

F.e]-oca-tion e::ror. A

relocatable iten l-oses i-ts

relocatabilitlz in evalua-tion

of exFression..

Syntax error. State¡.r,ent fortnat.

i 1ir?='l i ,{ -: --^ 1 ,. ^¿J.!va.LJi-¿ Lrl- d-rXt Ltl. J VcÌ.1-Lte

outsicle allov¡ahle range.

Truncation er]:ol:. Data ite¡n

too long ¡ ê9. character st::ing
o'F lann-'l-lr 1?¿v o

Und,ef ineä l-abel.. /1n absolu.te

assisnnent nialr fol-lor¡¡ the

Ia-bel ref erence.
'f /(\ arrnr\,¿&v!.

-Qrzcl'l-nrn al^r^r

Inplerirentatj.on error, Fea.tur:e

ncrt includ"ecl i.n crr.rrent

version of Àssemhle::.

Ena-of-rîile errol:. Unexr:ected.

!'lIh' ñ^nril'l-ì^-ñ ã4 ¿irrrin^vv¿11.1 J-\¿¿u¡1, çy" qU-rJ-ltU

r^a-qrr'lrrr i -F

Correct t-l:e mnenoni-c

ånrra na-cr:Jr-. i +

CJrancie -.t-ho 1 i ne i-Lel..r

slrch tha-t leve1 is B

or les s arlrl ::e-çu_l:l:ri.t- .

Correct -L.he e;rpression

and- re-si-¡htnj"t.

Corl:ect state.:lent

and" re-sul:,mit.

Recl.uce fiel.cl size J:',2

coC'i ng adc-]iti ona-1"

s.l:a-tenents.

Ðefi^ne iten o::

re-jÌ--osit-ion the

def i-n:l.tion.

Re-subriit. If error

pells i s ts S ee S-;/s r'-.cr,:s

Þrrlcrr¡rn-,nar

See S'/g'Lerr.s i:'rog::a.lir:'ne::

¿-1.1ter to -yçi ri fea-trr-r:e

and. re-sr:J:r..it.

Correct, ensu.re an lîlil-ì

s Lc:l:er:el:t coäp1 ct--es

L

T
.:

l

ï,'l

X

Y
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IlF,ROIL enllES

s tate::lent contiu-riation .

The a-ssenJ:ler iûa-\ji g-þ¡6¡¡¡r,3f -l 
1z

fo'l lov¡-ing /36C u-ser aT;end cod.es.

Ilser- Ilescrì nt j.On

Ahenc'1" Coc-'l"e

99 Er::or on slister¡. r,.ro::k f i"l-e

tvLite.

on.e oJ: the

ljsc:: Act:l-on

Fe-rl:.n. I4 erîror

persists see S)rsLe:ns

Proqra-rrrm"er.

.,l.S i O -l: l,i lj .

¡< Fr",r CC

Clleci: scurce :íil* DCÌ

anf-t fe-f Lr.il .

Cl:eC:',. ¡;rr-':'lç:''L l¡O::]; f :l-1g

i.rCB a-::,i re-ïuil .

Red-uce n-úr'.l.])er a F

lairc-J-s anc; re-rlln.

A'l-ter nl:ocír¿1rî 'ho avoi-d_

f ea-'i:ure an,l'i re-Tun..

ReC-uce the nunher CIf

tt eqt-iât.e tt slã-telients .

lìer:lace c1-i::ecti ve enc?i

?ã-Ti1'n

F.ernor¡e floa-ti.nç l?oint

iten anc'l re-co:ry'Ê-i-,1.e.

r.aôñtã¡â ihtT¡tlC.

operator ani. re-Lun.

Correct l-evel erroï

'lì.f ofil:ê,I1 .

t-erinin a te',,¡i. i--h

1...
i:l

199 Xrror on p::int

7.,) I':rror on out;--,:-il

2222 Flrrol: on source

f ile r+r'i te.

fì I ¡. r.i'ri Ì-n

f il-e ojien.

22.2,3 Error on syst"cri-: i;orl; J:_il_e

open.

30 0C L,alcel i:ai;le overf 1or.¡, l,!a-:li r,rui-r,r

nurnl:er of lai:els api-arox. 50C.

30û2 Procec;"i-rre steieínent rised_.

3003 Const.ant table overf iorn¡.

i iax irau-är epLrrox . l0 iJ .

3 . 0 ¿i i-r j,rect i-ve not, inpl-enent.eo" .

31û3 Fi-oating point. constant.

3107 TnvaliC operation in J\ssern,":ter

express ion.

6010 l-\ssembler internal push dor"¡n

:

;::.
i..'r
!i.:,
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ERROR CQ]]trS

list overf lot,,. ilalz J¡s ð leye'l anci rc-cct:lpil*e, oj: sç;e

error or svsl-e:n error. svs'terirs procfra_iturì.er.

60Il- S¡zsteln error. See Svste;ls l?rocra:nmer

6088 tlpen syster:l r.vorlE file errlor. see systeir-rs prograru.r:er:

B0CI Par-b.ial rvorc'l. constant. lì.epJ-a-ce parbj-a-l v¡orcl

const-a-nts wiih si nclle

oc ta-1 valu,e.

8021 Literal tairle overfloi..¡. Red-u-ce nurirber of
l4aximurn approx, 1 50 . literats and. re-ïun .

The T,oad-er

The loacì.er nay termì irate abno::mally r.¡j_{;.h the fol_1o1,;j_ng

/360 error code:

üser Ðescriptic¡n

Ä.I:end Code

liser Acti-on

101 Error on in*nut file ::ead. rìe-srib:-äit. rf eri:or

persists consul-t

S:ts teins Prograr,:irner .

The Tnterpreter

An error in *-roçram, execut-ion ca''rses an in'r.er::u-pt to a-

f j xeci rna-in stora-ge acl-dress. IIn'l ess overr,:5_iien , this
instructìon reques'bs a_n l-108 core cLumi:.

The interpreter na¡z a"Ì:norna11.,z term.inate rv_i"th on.e of the
iolloiving /360 error cocles :
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User Descr-iption

Abend. Code

102 I/O interrupt Cetec'tett. Rep"1-a-ce the l/A

i rstt:ucti on th¡,t

ca.'¡-serl the inter:::upt.
103 rnval-ic]" effective ad-clress. Correct ins.L.::i_ic.L._ion

.!I n:ust sa-tis f 1r anC- re-*e u,l:r. j_t_ .

0< E < 7777-.B

or 100000^s E< 1î7777^
ö5

l-04 rnva-1ìc-l pa.ra-rneter s'i:ri-ng. co::rect(see sect.ion

2 . 6 ) a-n(l- r:e-srih,::r-ì-t.

User À.ctir:n

i.):

l_: :.:

i' :.'t
!1;1.:
l-:i :.:

;:. ..
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ChapÈeT III SYSTEM DESCRÏPTION

The system is described f rom the Systems Programmer I s 
1,,,.,

rriewpoint. Each source program is discussed and flow charts i"',

are provided for the main subprograms. Included in the :

discussíon of each sect,ion are mathematical formulae and the

more ím¡rortant, data structures used. ,'

i.:
t: l
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SliCTiOlii 3 .1 SYSTEI'I S?Fì.ljCTt"iF.]1.

This sectÍon outl-ines svsterîr st-rlctul:e aniì 1:r:oc;re.rn 1ocic.

1\11- Frogre-rrïiri ng is in ,23 6C Asser,rbler Ï_,an<-nage. Sect.ìons 3 .z

ancl 3.3 c].iscuss inc.',ir¡ir',ua1 rnoC.ules, the_i:: logic a.nd. 1ìnllase.

The two pass assenl:ler ::eacl-s l]nive.c 1l-0Ê Ras_ì_c .AsseinJ:l-er

r,anguage from a source file, usualry the card reader. pass I
assigns relocatable varues to rabels and creates a tabre of

user assigninerrts. The length oll each nrociraiiì seqr,:-ent j s

nieasured- to d-eteriirj-ne origins of l-it-eral" ta.b.'l-es. soire e:rror

checking is cione. Ti'¡o svsteir files are create.;i one a_

d-u¡:lj-cate of the in¡;ut file, 'blte olirer a recorcl_ of errors

d-etectec.. tra-ss 2 reaC.s these tr"ço f -i-1es p::r:d.ucì nc llC a

rnacni-ne code wl:rich is r.;rì'Lt.en, tocTet-he:: rvi j--h rel ocata_!:'l e

addresses 'bo the s1,'sten oir-tput J?il-e. Pict-or j-a.1,1=z f,lie

oF:ere-tion of the assembler is -il-Lustra-tecj- ir Fic¡lr,re 3.1..1.

tr'ile a-ttribu.tes a,nc-1 recorcl fomnats alîe as fc'l lor+s :

Source file RecorcL length = B0 hvt-es. Bi_ocl,. sj"ze =

by¡s5. Tlr.e fj-::st- 72 h',¡{:es of ea.ch reaat+i conta.

sou-l:ce <i-ata".

;.q.Y!:üT1 F-eccrcj- leir.gt-h =

1n

bvi:es. TÌre f i::s'L gû

sor!-rce f-i.l-e i:eco::d,. The

'Í:'l;rr:e qa'l- rlrrri nrt -ôÐcq 'l

SYSUT3 Reco::d lencth = BC };i'¡"".

J:.,¡Les. Tlre posi-ti_on of elli:crs in

soltrce record is ¡'iarked.

SLSUT2 Recorcl. length = J_5 i;y.hes.

8l! j:t¡i:es. B-l-och sj-ze = 3¿l

hiztes ai:Ê copi-eil .f::cr¡" the

¡çpr.6.i¡j-¡¡r: 4 b',¡'Ì-es ð.-'!1e error

i3l-cck si:¡e = 800

tire co-rre sÞon 11-i-ng

93

Bloch size = l-f()



SYSTEM STRUCTURE

bytes. Record format is shown ín Figure 3.1.2.

Only when the source statement, generates a double

word, are bytes 9-13 used.

The assembler produces a list of the source statements

together with machine code generated and, errors detected.

Version I of the Assembler requÍres a 42K region.

l,imitations imposed on a single assembly ares

maximum number of labels approxr 500.

maximum number of absolut,e assignments approxo 100.

maximum number of operators in assembler expression =

100.

The loader reads the file SYSUT2. Machine code is loaded

into 1108 l{ain Storage. If the relocatable address in the

input record is 77777 79, then the' record¡ contåins,, the entry

address of the program (bytes 4-8). This value is loaded

into the P-register.

lrthen the loading ís completed, the interpreter executes

the user program. The system fíIes are used for reading

user data cards and printing user reports. OnIy the first

72 characters of each 80 character input, record is given to

the user program, These 72 characters are placed in L2

consecutive 1108 words (A characters per word).

i.i

f.-
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SYST]TII ÊiIìT.ICTURA

Pi qure 3 .l-.1. ?,re J\sseinl:1e;: .

lo frr lg h +l
a- r+l- vt?

rchere a = reioca-ta.l:J-e ad.Cress of
r.¡1 = generated word.
i..¡2 = Seconcl_ .;enerateci rrç¡f,,
l*rv'Les 14 t 15 a-re unuserll.

Figtr-re 3 ,l-. 2. /rssenhler Outolrr, tìor:oi-d

i:-:'
l:f::

o:on era'Far'-'i r.znr-ii.

-l T- âT.l-:a ! ì ra¡!.ì | ê

"Ë]nv'¡¡ a 4-t rrLt .t¿\-.

soLr"rce
sta-c-enents

n 
^rìfl+1îñT 

ñ-
Jl;l:, ì: Í.. i r.-l:i j-i-r 1. j :-

SYSUT3
\./or}i f i-l-e

5l¡gTi:il1
r+o¡:li file

n*.¡rq+lt LG! I Lq
¿ ^1^ 1 ^ ^

a'l-r

ASgi.-i-iBi-,ER

s)rsil:t2
nr r -l-'n:: .l-rrç{t.:/t.4L

I *.LU
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SYí;Tlijìi,lTtì.I;CilI iti

Ficiure 3.1.3. T'he Loac?,e::/Tnte::n::eter.

SYSTiT2
Assenr-l:ier

oL1'tpu't

l-l-0I riiaín
s'i:ora-c e ,
i.nte r:na.'!-
rcr-iste.rs

ca-rC"
file

nr ì n'F

fì }e
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SECTTO]\] 3.2 TI{]T ¡\SSE}{ËT,R]].

The Asseml:J-er structu.re ís p::esented. j-n Ìl'iqu::e 3.2.1-. A

l;::ief discussion of each èssembrer module is found later in

this section. ltoil.ule LinJiage is done accorc]-,ìng tcr sÌ.:anc].arc'j-

/36t practíce. z-\ cornrnunj-ca'Lion fullv¡orc is useil_ j:)' nan-/

progra.r¡.s to incl-icate entrlz a-ncl e:< ì t. contÌ i_.i--ì-clns . Each

cira-ra-cter stríng passed kre'ti^¡een mociules ha-s a pï-,/I t:1pe

I'cJ-ope vecLo::" rvhich conta-i-ns 'the address and 1ength of
the, string.

T,¡.3ELS

LabeIS Ð_re inSefted. intO tire lal:eI t;rlrln r:irrrinr.r pâSS I.

Each eleinent of the tal:le j-s 10 bt'tes long.

Bytes 0-5 contain .the Lp,BlIL iiî{IllJOI\iIC

Byte 6 contains IIU\G,9

bit 0 - e'le¡ireni occutri ed_.

I - label ex'ternalLzeð,.

2 - rnnemonic r¡alue r's a-l¡soIu.f,e.

3-7 an inteqer ]:etr,¡een zero anil, 31 represent-i-n.g f-he

location counter unCer r,¡irich rm.Êr¡ronic _i-s d-ef-i::ieC.

F,ytes 7-9 conta.in, .\¡.Ar-,uE, rf irj,t 2 of- 'bhe fJ-a.g irvte is z,eya

then "value" centains the relocatabre va-'tu.e of the mneinonic.

If bit. 2 of. the fla-g b)tie j-s I then "value" sel:ves as a

pointer to a. tal:le of constants (see belc.y:) .

The posi.t.j-on of an entrv i-n the label tal:le is deteru"inecl-

h:1' the "hash" varue ' (see glossary) of the mnémonic. rf

this location is oceupÍed (flag bit 0) the asÈembrer scans
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Tiil_j 1-LssÐiilJLEtì

ot-l're:: rou"ti-nes
I qr'o lra'l nr.z)

l---"*l I ",'.'Ã.] | *r.-l I "t'"*l |*,.r.-t] f-r,",r*l

P,A,SS 1

P.â,SS 2.

i ::':

f*-----*l

| ..,**l
f,,---'-* I lr*',""-l

I Pr,'r.'tsl f*t.,,=l

98
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'..,ril iii:.lillii 
:,il!

for the next free location. At the end of pass I each 'va'lue"

is incremented by the location counter base address.

-An exLensi-cn to the 1a1--'el- ta"bl-e -i-s a- ta-]rle of absorute

cons'ta.nts. i"Ihen a nnenoni c is a.ss_i-gnecì. an e_l:sc,'l r¡..1-_e val Lr_e,

it is inse::teC. -into the 1a.he_1 takile ani;l ttvel-u-e'n :,:oj-n,."_s t_o

the eler¡ent ín. the cor-rst-a-nt tal-,.1 s.

Elernents i-n tir-ì-s ta-ble a.l:e 1n l:,.'tes ]-onci, ancr cont-ain 1:r.¡r:

110 iii i¡ords. Tljte leftinost 4 L:i-i.s cii_rze a{:-t::i.r¡,r:-tes of t-he

ite:,ir ê.9. sinçiJ-e or clou.l:l-e r.¡crC-, bina::r' o:r f_-l-oa.Linc..

f ){Pll.lLlS 9I Oi{S

rn scanning an a-rithmetic expi:ession the assembler first
forms the reverse polísh ecfr-iir".arent. Trris ex;o::ession is
then eval-uatec," ii.-J

Tire reverse poli-sh string ha-s the fo1_-lovrj-n"q fc::ir,:

Ind.j-catO¡ þ..21'ec ^i'ã i n{-a¡¡.--*i;gsd. i¡i-Llr. a-::ì thine-l:i c val-u-eS.

Ã.n 'i ndica.tor biztç n¡.12 contain a rn'"rlepi c cccr:e reÍ:re5en¡ |ng e11

operat j-on ( o¡:erat:'-on by'¿* ) or , 1:ire a.'tt:^- i .hr-'r'tes o:f a. nir.:r:rcr i c

val-u.e in -Lhe strj.ng (a-it::r-bute l:i¡te).

i1:,S ii rrìl'ii-r.LÏ R l fO DI-Ï],î1I 5

IUIiI'rL\i - iíaín1j-ne pl:ogralll o

Tnvokes irð.sses I anci 2.

IüI'IFSA - irass 1.

I¡l-oi+ of pa-ss l_ in Figure 3.2..2.
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::r:t':r l:+¡'l ìn

n1*-, ¡. .r,'-^ l.J-'-.ì

??') lsse¡rl::1c;:: ?ess T
î¡ l.cr,,: C"i11).:c ei,.

'l cÎ 2

ij l-a:il- t_

-^-,¡l- l: -. Lr.

3()ilrcÊ
tecot,-i

,, o -r: Lr

fie -i: c".ìiliîent
.l.nca'!--i-r¡n
cni: : n il

f (¡r)

r a'ìe -l

'iìrli':
^-,.ì--^ 

r ¡-l- a

't 
^1-.^ 1

.:L i;1"..rrl ..i-

Iì't]L ejitc ]-l- -i- c

SIÏe,ng¡;
_!,:r,.j(j:_t_

Ì-=1.'1 a

i' t,iÌ]i rÊ

--í-lt-r-r ^-,.i -!-
--ì. J- t-

100



n s gc:-ll-:.1-e.a -â_l.i:; I
il -i.o:¡ rll:":::-:
2 r,.f :

10r



ïUlJPSts Sass 2.

Floi,' of ira-ss 2 in Fiqure 3.2.3.

li,ÇCÄi::i - Scans â- source

'L.he ecTu.it¡alen'l: reverse

The ínpr-rt stri ng

forrnec. accorclj-nç, l-o the

Outpr-t"t

Each

-.--i ^-.i À=.
Pr ¿vf- -!- L^Y .

f. if

a::'i tir::etic el:p:r:e6s.i_on a,ncj. co:ns-L::r:.cts

nrtl i.:'l'l ôirnr.¡c< '-..r._.--,"j l_on.

is scanned. anc-], tire pol ish noi.ation

f o J- 1o'-'i n ç- a. l cror j- tl:r. .

Input elrpression

ri rìYr -a, I r ê

Stacl'.:

oìre:retor has a s'taclc- p::io::ii;y ancl

nextsyrnbol (inpu'L) = operanC.

{-han i-.ãee ì -!- .l-lrrnrr-.lr .þn .!-ia nrr.i-n:¡*-Lrrçll j.iÕ;);) ¿ L L-LLJ_ LJU_(:l:J L-() [.ii.c: LJU_Lijti L

el-se

2. if stacjcn::ior-i'i:y (operator at toF of stacl;)

coliriìa-reI-)ricrity ( -i-ncO¡iilr.g c;l:e j:a_tOr )

then Fe-ss st,a.cl'" o¡e::ato:: to ou"tilut

else ûove inconi-ng onera-to:: to top of stack.
Operator príorities are lj_ste¡1, in Tal:l-e 3.?.1.

){VAL - F,lvalua-'ces a lteverse nolisir e>tpression.

>íVÄL reduces the reverse poJ_åsh str-i'nr;

"terrninator".
The string is scanneil for the cotej:ination

POLf ,çIi

âr1-Õrêc c i nn

102

to [ ^ --^" lt
c1.L V



i-.¡ ir

.1i

\
^-^^r><'-7> lr'
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l-1 r\ 'r
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-.-i-. Tï
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Tirti

,--.-:...:-1",- : -.. l.::

i:.5 îl:: j ilìi,ill,ì

Opera-Lo::

t

++

aL+

'f

-v

+-

;'r I

ì

Ì.inJrn. i I l-'lnan
:.VÇ!J'. +/

ii) i ìs

Coc-e Sta"cl< itt:io
(hc><)

-ôrö Cl

c0 02

c4 12

c8 02.

0c 33

10 03

14 C4

18 A5

tc 05

?.i tç

2t+ 06

âô
u r,i

2c t7

3t 07

34 a7

4 ¿1.

3C îO

r¿ì.rel:){:llesÐs are nÐver stacllei

stri nil te¡::rn-j-nat-o::.

Co::'Lna::e rri-o

r'ì o

n?

^.)

n?

nli

i-j )

ïJ l,)

AC

05

^1

17

î7

,.-! L

n|l

ril¡Ì-,la ? ? 1
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TiiF ASSE¡,1J?,L]1}ì

tnarç-tt ttargtt ttoperator"

or " arçi" "p::ef i>l operator r¡

The ope::a-tion is ¡:erfcrinecì, a-nci, the alcove recLrr.ceC. to

"a-rg-". The st::ing is coirjrresseC. The scan Ðrocess th.en

continues. Tf neítLrer of the abor¡e fc'::rrs can bo Loca-ted"

then the eva-luat'ion is 'te'::ini-na.Led ¿þ¡.6¡¡¡.¡.1'l-iz. i'.,'l:en tire

"arg" "terrrinatol:tt s'bring is reacheC the aiîqlr-r'ien.'i: a-ttrì l:utes

a-re val íliatec.l..

SRCI¿D - All $o-Llrce fiLe onerati<¡ns.

The p.odu l e opens , closes a-nc1 reaCs tire soln:ce f i-i*e.

PRllilTll - 1\11 print f ile operati.ons.

Onens, closes a.nC out¡:uts tlr.c p::int fj-le.

t'lK/.i.Ji.-. - .ð,11 system woi:li file operatioris.

Perf orros a.11 T./O for f iles SYSIITI and SYSUT3.

!'.[íB-!JR - All sys'Lern orrtpu-t, operatì cns.

Opens, closes , and i,'¡::ites f i.le SlfSUT2.

Tlhis ¡nodule is also used- bi' 'bhe I.oa-der to ::ear] S]lEI.]il2.

ËA-Sl¿ - hashes a r¡nemonic i-nto an ìntecier rra.lu-e.

The six characters of the nnenonic are Vl ,\72r....\¡6.
ror all L, 0 < Vi < 24te.

A.-ZEive 0-?,5

0 - 9 air¡e 26, 35

ltlanlr cri ves 3€,:r+v i¿ç
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TI:E AS.S*:I.1FT.FP

The ha-sh value h0 is com-¡;rutecì- a.s

h0=l'lrfD (T (?.7\r1+27v?./37) +r ( 19 (i¿3ar74) /2.) +r (19 (r¿5;ar¡6) /l tt¡ ¡
7 Xt+

where T mea-ns "inteEe:: pa,rt of ".
l.'io'te tha"t 0 < Ìr0 < 7û 4

The nnenr.onic -is placei a"t location h0 of tire lahel table

u-nless occupied (see S:llAlìCH) . (p,efe:,: "has.!i" A..l_essa¡:=¡)

F]:íED - Rea-ds Cecirira'l 6¡ nr''l-a1 in'l-oc:a-r53 fro¡¡. source st::inq

and conr¡erts to ,bi narr.¡ va-lues.

Ì]urnbers a-l:e t::ea-teci: accorc].-Ì-nc Lo ce::ta.i_r' cha.ract-eristi,cs
--.! -V¿7-.

( a-) An Ôcta'l nLli¡.h'er is ¡¡.a-ni-;rr-t-'l-a"ted J-ng-i-cn 1-_'l_..r f-_¡ e"-,{'!:-11;ic-,_

tþe Jrj_ira-r-\r e('r1l_i-Valent.

(h) F, d.ecj-na-I nulrube:: of "*ra"qnif-uçl,e 
'less {-h¡.n o:r: eo-,ial- to Z3L

-1 j-s convertecr, as a. /36,1 fu.-l^-Lr¿o::ci r¡¿1r-lr.

(c) A decinal nnn]¡er: oÍ r¡acrni'Lu.Ce rn:eat-o:: than 231-l j:t:"t

less than or e<'rLra-l to 263-t i-s conrze:ited a-s a /36{)

doukrLev.¡ord- value. Thj-s is then convertecj_ to an

110 I fulhvorc or r_io¡_rJ:1er,rorc],.

(rl,) A d-ecir,.a-l numl--,er of rrarjnij:Lrc,e grez;.'i:er tiia-n 263 -t :1 :r '

(that C-oes not ca-use li-08 ove.rfi-o',,i) i_s conv€rl:teci to
octa'l iry deci-'ial rl ì v:.1-si-on :a.l.:i_üq si.icce =s i"i¡e

i:er¡a-inr-ì.e::s. ',"''. .

:::....r.

I:tliEli - I;,'.1'l-¡:a.cts l,:,ne¡roni-c frort soilrce s l.ri:nc; .

llhe f irst ciraracter riilst Jfe alni-ia.l¡etìc. Slthçer-¡lent.l-.,t en\,2

non-a1pha.nu-iie:ric terrnin-aies the scan.
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T,T]T ÄSSEì{BLEI'ì

*gEARCii Search-es the latel- tabl-e fo:: a. nnenonic anrl

retr:.rns the tal:le offset.

itire 1a-l:el- 't.ahle searclr coiiunences at ent--rr¡ h0, r^¡hel:e h0 i-s

the hasl: r¡a-ltr-e of the nnenonic. ¡, seelt can resi:_lt in -
.:......:..(a) label founc] * return. ta-l:l-e offset.

(il) 'l a-bel not founc]., table entry occunie<J. continu.e

search at next entrlz

(c) lal:el not founc-, table entry unoccunieci - retu.rn l,

{:able offset of expectecl enLry ,,,,,,,,,',,

The searcll continues onlir jli

ha - hCr < 5û ÐC/n

is satisfied.

l'¿here ha = actual table entr-/ this seelr-

1:0 = or-ig,i-nal- hash value

d. = tblera-nee (cu::rentl-1' 5)

n = nurd:er of elenents in tairle

The constant 50û j-s useC- to gj-rre a tal-¡l-e "'f'¡,1 'l " factor of

stj/704. That is, of the 70LI poss-i-bte tabl-e entr:'_es it is 
¡,;,¡,;t,;,,,,:;;,,,';'...-.'.:'."-,"

hoped. t.o use 500, withou-t any sea.:i:ch Eoinq hc1r6¡¿ the 
.:.;:, ,;:, ,

t,ol-era-nce. (Re:îer "lfesh," î,ï-osea::v) ;''': ';'':'

OPCODï:I Translat,es a. rnnetiionic opcoC.e int--o its ¡r,achine corLe

anrr irza'l an.l- Thr. .ìnrì.ìrjaô tabte iS Seæfr_-htr¡-'ì r.nl-rn¡ri n¡. J-haJ ¡¡ç vù/vvlrç Çs-urçj rÐ ,Þçc! u.i1t.:v. L.ul:)J:jaJ_ ¿rr j Ll1u

in¡:uL. ranenoniç with those in the table. '.,,,then founC., the f
and j values are retu.rned to the calling r:roc{ram.

]UCCON - Transla.tes EßCI]IC cha.rac.i-er coC.e to 6-b_ì_t ÃSCIT.

Either s-ix or 'Lruel-ve l:\'te sti:j.nqs âre con¡.¡erted, anc-l

lII



paclieci into an 110S si-nç;j-e or cl_ouhle r.¡orc_.i..

Tiris nod-u-'l e is a1 so riseil lir¡ the Tn.t-er1r::e,cet:.

PLIitEl$ Constrnct_c ¡:rint li.nes fo:: pass ?..

The pr-i.nt 1 ine has the fornat:
Posit.ion'l cont-roI cha.ra-cte::

2 - 1-7 error flacrs

18 23 Eenera-tion a_C_cl::ess j_n octa_l-

25 36 çenerated- ';¡ord- in octa_l-

3B 58 ,-enera"tecr. i+ord. crii¡idec'r- in'Lo se¡a::ate fiel-ri.s

60 131 soltlrce cocLe

If a cioul:lei,¡orC' j-s qene::a-ted a seconc]. ca-l.l to FIII:l:fj is
rnacl-e. The seco;r-d- r,¡o::c. is prj-nte.4- j-n oct:_a.1 frorrr col-i"lr,i.n zf, tc
colunn 36"

LL2



S:CTIOll 3.3 ::iill LC¡,DIR/IilT'llìPl1ÌFTI:

Ti:e int-erp::eter ,s tructLlTe i s cì es -i-3neti f o:: easy

lila" j-nta-inaJ.;i l-itrz enc-, e>:I.ans i on. Llacir l-.10 lì ¡-.a-ch'i ne -insLnict-i-on 
.,.,.j. j,tt,

ìs hanrÍJe.cl l¡r¡ â q.r?-ì.êr¡1.a a'cllcT r.;h-iCh iS nAi,rer:- :::""

.!-UliFxx (0 < .f- < 7lA ) or ILlxx,Tr¡\¡ (l: > 71g )

lvhere >tN = octal val ue of f-

yy = octa.l value of j

T'abl e 3.3.l- ci:oss-refers CSllCT to lì'todul-e in sr¡sLen

lihraLrir.

F ígure :. = 
. t ill"ust,rates the tirree-lei¡e-l- suhp::oçra,rr

strrr-cture v¡hich gives optimum. r-rsc of core storag-e.

The contenLs of the f¡¡lçrn;r1 -r?c'r;i qJ-rrr Blocl,: (f L:.n) , *,øÌ:ich

is ciescríl:ed fu-11"r' J:e1or,yr shcv¡ the sLatlrs of t.he s1¡sten at

any tiir:e. Â11 sulrproc;ra.:rs ha-ve acce$s to th.e Ilf .

À 244 i:yte r,¡orl: storage areê. j-s i:btaíne ci at

initializa-t-Ìon tirire ancl. is used b.,' all suhnrog::a,ns.

i"fain storage for the 1f0B j-s obtained" a.t inìtia1j-za.tj-on

time â-nr-'i" ís a function of the user ass'i.crnec'liFi nara-nete::.

S-1,rs tem function su-b::out -ì-nes alre ava-i-l-al:1e to l:otir

nainline ancl ,na_chine instrnction píorrrð_ris. Thelr pel:forn

tasks such as sf fs6lilrç acl.C,ress calcula'hicn ancl rr::r:r.h;¡-cl;ion

of tire 1108 core C-untr.

îhe logic of ea-ch ir,todule is cliscussedl in three sections
(a) Llainl-ine Progran..

(b) l'.liac}rine Trrstruction Su}:proriraÊìs.

(c) Ssrsten:r Function Subprogra-ms.
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tjll:f tj l).;'¡.)l; ¡t./ !"ir1'l:'I! jr i':::i',1-rl.

!-*\JU U

Iii: iil l I

: U.-,-i.i¿

Iiilll='l 3

ïu)]l¡0 t!

TUì:]F0 5

ïur.ri'c 6

ïutÌl¡10

rui'Ttr11

f Uj:1712

iuiifFl-3

TTÌ 1f r'l /liJllr ¿?

rul{F l-5

TTJi:iF I ã

IUliFl-7

Iulritr2 C

ITi-¡irf 21

IUiiF2 2

Illir.iF 2 3

'iT1ìil!:1') ll
-LU1_lJ .! ï

ru-rlF2 5

TUIìF 2 5

TUI{S2 7

IüÌ-;iF3 0

r-JirF3 i

IU}TF3 2

Tiil'.iF33

TïJ}:IT¡3 4

Ìoriu l-c

Irit iilî _ì-

Tr.lii:11:1.

Ii rrtli i

ïuü?î l.

Ir.,it.lr'01

iU-l:lI. ,-ì l-

:lUlrFlC

l IilTI¡iC

ïuriFl-û

ruiiir-l_c

rìil_'tFl_ ¿r

fl,l j;¡'1ll

f iJ,iTlI l4

TIfl.il;I l-t

II.IiiI'l- li

rlrliFl4

TUIiF2 2

fijl:iF lt

ILïiìf 1¿i.

IUi.TtrlI+

fi-li'TFI'.1

IiTlfFl_0

':ULT'

i,IIJi,?

ìiu],ir

ruiÌll3 3

]]IVIDN

Cscct:

-!-llili';15

T,',j-:-,f 3 6

I:lr:1T 3 7

Tì lr'rF li. D

,r-l-Ti:llJll-

IT-IiiF¿i2

Trr- T- lr aiLji.i: +.j

'1-î fì:- lt /!
A\-/!..! -l'ï

ti.ri,ìrti5

:iiI.'lF 4 õ

l:ïltÍ¿t7

IirirF5l

Irli.lF 5,l

_r,riilF 52

Iil],iE53

TTTA]F q ¿!.

TUÌ'J]T 5 5

TU}\TF5 5

Tr.]llF57

f lli:il S i)

TUI:íÌ]61

Ïtr.íF6?

7rr\ln a a1ì-rj.l.lr il.]

IriiiI'6 4

Tili.II6 5

T-Jl.lF 6 5

lir.J'itrT î'7

:or.ii.L -l-..:

I ir¡I l::,'

.ì J\iïrlil

ïÌl l:r3

f I-il'it 1-l I

Trtj-î,li ¡

TilllI ri,j

TïliFl1

rTiidil l!¿l

-rl--iITÌ¡ /! l!_L -, :-:. Y-a

Ttì: i¡ 1 A
aLJ:i-,1 -L:r'

Ir-rj.lt 4.rt

IiJi rF 4 ¿i

Ti il1?r ¿l ¿l

T:irli¡ ¿i I

rlii{r'¿t ¿l

iì.1Ìrtr 5 ¿t.

IUiiF5lt

Tlli;lir 5 4

IIl}lT 5 tl

rUÌiF54

illlil S t!

Ii-jl:;lF 6 2

I r,iliI¡ 5 2

rii.i_.:iF 5 2

IUiÍF i5 ?l

rI-;;.1¡'5 n

I¡ii:iF 6 2

í.i * c c'r-

Illl'lî?,)

rit T l.fl ,r

iT'7 i l;1 1-

ïii ? 1"i0 ?

ïï7.l.Jt:

---'ii 7 -l-,-lC ¿l

Ii,ì7lJ,i 5

Iij71,T0I

rtrT lJt 7

ït.r7lJl 0

ïi_i7 iJ11

Til T i-,:i-1:

ri;7l^J13

TÌi?'l -!-l /l
.1_'jl-r_L_:-L-¡

Iii 7l-J:l- 5

Iiî71-r16

Ii.r7.'l-JI7

ri17 2 JC i

TirT 2J0 2

rI-,7 2 iC 3

-rrr ? ,] Tn llJ-'J I ¿-.UV-i

IU7 2JO 5

iii72-rû,í

ri.-i7 2Jt7

ïi-i7 2"ta

ru7 2 'jll-
rir/?;13

i^ -i.-. -! 
^.t,r '-i. r- . ¿ i:;

Tr - ? /i -i'1 /i

rr'7:1.JC I

Ir:7 l_Jl I

TrrT:1..:iC,1

f i-17:1,Tîl

T.i.t7 7_J j li

iï7l_Jc ¿i

ïÌì7 i,JO t¡

Ii_i71.J1¿l

-iU7l-¡-i-f

-l-ITl-l ,1 
'1.^

f lrÌ jrc l.

Iiii.lr1C

-iLjltiFll

Ii_rt'lFlc

riì7 itil¿t

ïil7 ¿tJl ll

TIJT 2J i

II_T7 ¿l ji_'1- ¿f

Ti-l7l!,fi¿l

iriT 2'tiO ¿i

rf,i7 2.i2I],

TT:72J}Li.

fú72,T0/i

ÍT."t72J0L

rî.17 2Jc 1

rii77.Jt!

- t;ì f qôrrfq/i.1 t\yAT\r i.rn¡:l¡¡'Jac
çar -.,.tL,.-;¿ tt-L : .u\_1.i^¿Çr).
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.+i:t l:',:-¡:::;:ì

T\J72JLLT

ru7 2.jl 5

ru7 2J1 6

TU7 3JC O

rlr73J01

ru73"rl2

TLTT 3 JO 3

II-r73J0 ¿I

IU7 -:l,f 15

TU73JI6

T.îi7 3i17

ïrJ7 3 Jl_ C

, ioclule

IrlT?J01

ni72Jl5

Ti_r72,T15

ru7 3,:r0 û

rl'r73JC0

TIJT 3.TO î

rTiT _?.T0 D

TrrT 3J0 3

IiiT 3,TC I

r-ti1 2J) 6

T-ti7 Z,iO î,

i[]7 2.rî ñ

Csect

Tl_i7 3Jl_1

iitT 3,112

Iii 7 3 J13

ri_T73Jl-5

rîl7 3,T_16

I,J73 JI7

IT-T7 ¿!JC O

rrr 7 4.JÐ l_

T¡r? lr r^ 'ì_l_l-l /.fr.'I;L

ïr-f 7 ¡-i,.ic 3

ïi.j7 ¡t il tt

i:crj,ir,-l-e

I i.i7 2 J,l 6

ïi_17 ?"rc 5

riiT ?,:l-01

rrrT 
^ 

+r F
_1-',.: I ¿¿ !:':

Tt:7 2Ji.5

TÏlrlr 5ll

I1.ì7 ¿!JC í)

IrtT [¡.,;¡¡ I

rr-i? 4Jc I
Ti t? /r -rrì 

^-1- .' I -¡t. ..t )

ri.l71¿iû ,_1

Csec l:

riiT ItJ0 5

TT11lt a^ Ia ii / 1'(i U .l

T-r..:7 lJ,,Ïi)-l

IriT /j.Jl1

IilT l¿,.T11_

Trî? fr -rt IJ.: ; _rr -Lr:.

TIj7 ]!,,T1.3

Ti-;7 ¿1,T,'l-tl

-lllTlt,rl-c

:i iI 7 li. ,f _1. f

T-:17 tl,Jl_7

ìrìorl-rile

iilf rt.TC 0

T:ì? lr -rlì tìj. 1, t qi t_r ¡-r i/

ïl'72J15

rr-17 ¿iJ0 0

Tî17 /r -¡-n 
^

TTjT ¿t;ic I

IIj72,:fl-5

Itif ti¡-1. ¡¡

?7aa lt r1 tr
-t"t l a.,t -t,t.\

-1.ïì?lt r't ,'l

Tlr? /t T1 /t

Tai:,1e 3.3.1:r lne
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TI IF I,CADER,/ TITTTF,P T.jiTT P

(a) ìia-inline Procra¡ (i.{oclule nane t-rliifp:lt;{)

ASSf G,\llinl.lllS AUi) ÐEFIT.;IiTOi.TS .

200 bytes of inai ir sto::aqe are reserveC for sr¡st.er¡

internal regisLers. llhis alîeä. is call-erL the f n,cern.a-l

PeEister B1 ocl; ( IP,lì) . Throuc¡hout execuiion, ::egister 3

a.dclresses the ïF.R.

Con.Lents of the IRB

Of f set. Length I'inenonic Contents

(b:'tes )

4 F'AC P-recris-r*êr - abso-l ute 1l-0I

acìciress o:f ne><t inst::u.ction.
l! fÃR Instruct:-on aa'"d-ress i:ec¡i-ster.

The /360 a.d.d-ress of the

i nst::r:-ctì on J:einri e;lecu.teü.

5 ST,R S toracre Ii-rni-t-s Reqi_ste::.

The leftiaost 36 bi-ts contain

tl:e 11ûB SLIì".

4 nFA Ef f ect-i-ve acLdress ( 110 S ) ,, ,, ,,,

:::ì.:'-i,.:.:

comnr:.í-raa- fn:: the Cifrfent
,''. ::

j-nst::uct j-on . ',,': 'ì"

5 PSF P::ocessor Sta_t.e Rec-i,s.t-er.

The -l-eftäiost 36 l:its ecnta.i-n

the 110 B PSP.

L6 ACil Ari t-hretic/Conlro! r-rn-j-,:;.

l-6 by'bes usecl e-s the 1l-09 ACIi.

2 F The inteeer vahr-e of the

f-:i;ielci i-n the cr;ly'rent-

-instruc'ci.cn.

l-6

2C

lt ll

IL7



TIi'rl IJrì ¡.1-ìjT :-/Tlt-11ñrìÐ PnqaJ, iì

2, J The j_n'i:eqe:: va-J-ue oLi the

j-fiel-d- in the cu_rrent

instru.ction.
72 ÐSA /!rL 18 ';¡ord save a-l:ea -*seC Ì:iz

46

4B

Lz,C 4 A

ilr:s'Í: si:h::ot:-t_ir rÊs .

/3el offset of the coni;::ol-

rêiiir'ì s t--Êl: r:ef crencel_i- l-r".¡ .l_ire

a-f i-el-r:l :ln J:ire c-r-ir::ent

ins't::u-ctíon. ïf D6=1 in pSÌÌ

'Lhen to gêt t-jre actua'l a,:lci::ess

c'f. the ::egi-st.er:

a.C-cl -i -'i-Í a.-.f ie:J_<-r, ;:e f o::s 1.-o

ai-l^nÊ'i c'i- or

a-ii.-] {,} i-f a-.íi.e I d ::ef ers; .i:o

A-7'¿>cî ì q'r cr

e-Cci 32C í'f a"-:fi-elc'i::efers t-"o

,!-reg-ister.

If Ll6=1 in l:SI.. tiren to gct t-h-e ,. i ., ,.:.: .:-.:.1.: '

a-cÈua-l að,lress of tire reclj-ster ,;,, .:

add 0 if e--f ie l-ii ref ers to 
:': 

" ' 
.

ii-re'i-is-ter.

ac].<l 50 if a-fiel_cr. refers to
. 
' . . . 

, 
. - . . : . t 

. 
:. j

-â.-reg j-ster. " , :r '

subt::e.ct. B0 if a-fi-elcl refers to
l-:re q:_si-.er.

LZLI 2 SJK Select junp ì{e.,rs. tìiqhtiaosl:

15 bi_ts use<l_ f-or lcevs 
,

J-26 I Fi:i I-ïaIt keys. p,ig1_lt-Ínost ¿l bits
I18



used. for hal.t J".,e./s.

LzB ¿l IÀ Tnterrup,r Ädd,::ess . l-10 g

absolute acic-lress fro¡i-r r.¡hi.ch ne:rt

instruct.ìon _i-s to be -ua}en

J:eca-use of an inter::uni:.

This field is cl-eare¿1 a_s soon

a.s the -interrupt_ is ha.no1Iet1.

L32 4 Unu.sed.

136 4 CLIAiit Rvl:e 0 contains the cha.nnel

nrr_nï:rer of the rnost recent T/C

interrr.rpt (¿t bj-ts) a-nri t"lle

associa"teil, CPIi n.unher (: hit.s)
, l-larn.t- -lì1qÈ' .ì-l_e(ì.

--:r_'

Iìyte I conta_-i-ns th.e cl_i¿r_nnef

number of the nosj-. recent- I/O

i-r-.'F-errupt ( tl bi.i-s ) f or Cpil ll0

riEirt j ii stif j-ecl- .

Byte 2 conta'i ns the channel

nunber of the r¡ost recen'i: T/C

internr¡rt (4 f:its) for CpIt +l

rì riht. jrrsti.f i eil .

Rlzte 3 conta-ins the nurl-iJ:er of

Lhe CPII perforro'ino tjr"i-s
insÌ:::u.ctior (Z l:_ì.Ls) - ::ight
jr:^st!-f iecì.

l-40 1 ¡ts]l, i,[e¡ir.or:v Se].ecj-_ trerii_ste::.

Conta.ineri i_n i:-it.s 1-3 of the

bvte. Ä11_ othe:: h-i-t_s zer:o.
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1¿r I

1,4 9

150

151-

152

157

-1. r-f

Cha-nne-l- S elect Peqi_s t-e:i: .

ConÈai-nec'l- in l¡i-'r-,s 0-3 of i:.ire

l:¡r+*e. Othe:: h-i {:s zero.

I-,ast Äçld::ess Peq-i s':e::.

Contained -ì-n b j ts: l--3 of tl-:e

t¡r¡4-a

ïnte::::i-r¡'t si./j-tci1" Set z,ero

ini-'Lially and sul:seouently þy

any Allov¡ All- 1/A fnterru.Fts

instruct-.ion. Sei- I bi¡ a_

Prevent .'1.11 I /a T,.nLe::r:i.:.nt-s

i ¡,si-.ruct'i on.

l:-q ir¡i- ,:cl¡. . Sei _1- l:',, -5.i¡ 

"
Ioarl- Processo.r State ini¡t::uctì on.

Sei; ze-Ta wlr"en t-he lo¿¡-il" -i_s

L,ÃIì.

J ri:'i-ì

cornp-ì.ei:ed-, a'?'ler tire e:lecr_r,ì:_ì-on

ôf- the lle>:t 1l-0 fÌ -i_n si-::r'.rct_ì or-,..

nert trSR Nev¿ lìS.lL. Loactea'" b:¡ the LpS

instrurction. :lrans ïerreð, to

PSR a-fter execu_tion of ne,'lL

inst::uct-ì-on.

Sf, S'L.oraEe Litit,i_ts violate f laç .

ßit C is set l" if a. stora.ge

linits vi_olation is d.el:ecteC,

cr,uring ef f ectir¡-e aclclress

calcu",l.a.tion. This c_l.oes not

i¡:,rpJ-y t--hat an interru.pt irill

occlr_r as s'Lo::acTe p::ctecj_ion na\/
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rFT.ÍÌl T.r^, ", ilTt¡ /T:,.r¡i'I)ÞÐ !¡Í rF-rr
-.:ijr ì.J..,ral:j:j./ I.-i -. i.¡i -.! _.J_,J ! I

iie r-1i-s al:,lecl .

B-i-L 1 is set zeiîo if Rï is r_rsed.

ín effect-_i_ve ac,l_cl::ess cal-ci-r_l-ati.cn/
set I ii: BD useii.

Si_t 3 i-s set I if an inva-Iid

acl,iress is conputecì- - tha-t Ls,

out'sìd_e the ra.nqe of the

sinulated, r'nachi_ne.

160 4 IiFA/36a The /360 a-Jrl-ress eoui-val-ent to
EFA.

15 4 2 IS T/BSI 16 f tacls in.d_ica.ting.

cort:espcìnc..j"¡.çi channe_l_ _ì_s eit-he::

TSr (hit. set 0) orî ESI

fhi'l- qa{- ll

l-68 4 H.q The /360 actdress of ilre hicl"a"en

L7 2 ¿i iil,

storaqc or5-gin.

iia-chine lr.pper lii;rit. The

highest r¡a l-id 1}C I a.clclress .

VA inte::runt ccu-nt. Àn in_teger

count, oÍ the outst-and_inç I/o
interrupts i. e. those st-i_ll to
be servicccl-.

T,ê-st: int.e::rupt. it]ra_p location
( 110I ) q;f i-ast inte::runt
hand1erl.

L76 4 TU

]-BO 4 LT

l-B 4 16 I.Iot used .

I'iB. The fPl,B contains sorrle fj-el-ds r'¡hich are not usecl. -in the
pi:esent versjon of .Lhe s-imrla-tor.
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iihen core storage is ohtaì ned for the s ì rilul-ateil Il-Cì A ,

ra¿'iq{-ar lt ie loadeä i.¡it}r t}re /360 a-cr.cl.ress o,f- locati-on zu-r. .

rTra -tr i *.l ål- ^ /'¿(J rr-no l:r:Le 7360 acl-C-]reSS Of An 1l-0S rr¡O::c'j. r,,¡hOSe a-,:l,rt-reSS iS I:
f f E < 200 - anö_ refe::s to a control ::eçi__.te;: thang 

,,,:r,.:,._
T = f(*5 + T,OC$ :':r':'::'i-r':':

If 'fì < 200o anC, refers 't--c¡ hid"r:len storaqe ilren

I=Etrs+HS

If 2008 < Ë 3 7777g then

T=E*5+LOCO

If 100000S < E < 107777* t!:ren

T=Ii*S-28672+LOC0

v¡ÌLere r = /i6a a_c,Cress

lI - 1l-CA a_C_dress

LCIc0 = /3€'a adri-ress of locat-ion ze::c o-[ ilre 11=rg

Hs = /36a adc,l::ess of -location zero o,F l-1cl hi_clcr,er

stora.qe.

240 br¡tes of r.:orlí siora-qe are nerï,lane!'1.t1",¡ ac.l¡?resser.-r l'.¡
rorticJ-ar c Thi-s area -i-g used b.¡ suhroi.:.t-,i-nes for sc:latch, ,:..::.::.-:...:::.r¿¡r-r) c¿!Çq -L;) L¿Þt:Ll -r..r-i' b'\|.J..,r()i.r. l--!-IÌe$ l-(l-t' SCllatCn 

:.;:...;11.;:......::

ttork.

'''t', .'-'.:t.-. ,-

PROGP,AI.:I EXECtjTICItq. The flor,,¡ chart. j_n Ficrure 3.3.2 prorzj_Ces

a general outline of SI¡.ipnX J-ogic.
r¡iâ^ .: ^ J-^--*^.: -^ -! - -ì -,ì, 

:" : 
': 

"líle pro$::ar-n i- s terr,rinatec \'rhen an EF. ,077 j-s e>iecüLeci ,.;':...:.,: -:'.:

"i.,1ORi.f¡--ii, ïìilDrÌ is i,rrintec

1n ) l,iachine f r:structi on Si-.,].:nrog::arn.s .

Tlhese s,:jr::or-itines a_re noi C j-scu_s,-¡ed i-r:ll j-vì i.;r-lal-J-r¡. lÌacl:
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ÎlÌj¡ll I_,î l\ lîrì/Jl:ñrrl ir,r)lrrî:r:l

c--^
-.J-t)

f - L

5i,¡1.
'':.aaI

ì1 !-rô"1:3-ì:'ì.:
'i."::a-ce

-t-ch 2:ürí1

corc

ï,o¡i-ìjlR
-1-c a,;1s

riachi"ne
coC,e

I \tt|

f e'Lch 1:1.I I
i-ns t::r-:-c'r*i-cn
ac]d:r:es sed"
f,ti7 tll.,('

F1DCt.T,
¡r¡'nt:ir'þnc

e,f f e c'i-lr;e
a-d.cl,i,: eg s

.1= al¡r.,-. i
rl e l,n::rii,nl

anì-,1:on:f i-at-e
s'.1"1-.:rr-.utine

:"1dllF^ -: { ¡

T ra -i- ^ -/.:a-- ^ 
J-- 

^ -¡

:a.l-¡ i l_ì:11 .,'!_.ì1 .'

..1 O'-,ri

1(

z.x\;1
t'I

le1.ci': Il-1I
j.nst::r-:c-L-i o:i ,

a.,:-"r,i.,:,1 s s er'1"

h:¡ l?11.},

/ ,ro"',,1n. \
:i..;n S -''--.':l.l.et: nir

\ 
q1rl.rr 

/

0?
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îl!

') r-\.il_ -,

l) .,' .ì)

i..:. I ¡c

^-¡ l^-!-.^- -¡-:rr_' ¡ i L.t-:jiu t-

ot'I€ .l::c;'r
Ì1". ìt t -

,le tcl: l-l-î 3

--i. n s i::il c'i: -i- orl
aJi.-1::cc ser-i
I:12 j n'i- ¿clil::

arf

^ 
1':

'l:1:l

-i i. l.c',:

¡ül :'::re-c':
orle f r;,r::l

Ii',î

fei,clr l---'l-^1
i :_r c'i .:: Lr c t i Ð¡:
_.:!-lr^ñ_^^ l
.ì: ..,1 '_- \ )r-l -

i-,:¡ \/('\.l -i-st

l':41ilÎv1
.: !- ^---,
.r "- ^r1

r/¡¡ J.:-!
.t :..:) I

n?
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rl'i=ll r.rtLn f'1,/Tì.ft'Il''1.,':r:Tr-,-

is ii-nio,u-e j-n that it ¡rsrie¡¡¡;s a cc:rta.in l-l-Ðt fui_..ct-icn" si;cl:

ð-s J-oa-cinc.r, storing CIr shif ii-ng. ii-he rorr.'Lj-r-:es a.::e '¡;:if-ten ¡o

a Ícnera.] na-t'Lc::n (F j-qìrl:e 3 . 3 .3 ) .

îlo a.l.tcr a-ni' s i-ng1r: j-ns'i:::r;rc'Licn L:orr.ti ne

i) re f er to ?a"j¡le 3.3 .1 to f ¡-nC .i:he I il.,ra.rr¡ :.^loí.i-rJ-e thaj:

contains the ¡:ou-ti-ne.

ii) na.ke the necessar)i a-.lterat,j-ons.

iii ) re-coir:rpile the libra.ry rloclul-e , l j-nki::c in'bo t-lle

systen libra-r1r -TìLi'iÄCL.-40 22ll . P-ACT,i-P,.

iv) link etjit the system. i-nto tire sa-jîe 1_iJ-.::ary. iìeir.e¡,--j::e.¡:

ti:at fr.uq 1rg¡sions of ,che s*,¡Í,j'Leil e>.li-s,r - LI;í1103 and

LEYllO E .

( c ) Sl's l:er,r Flrnct j-on Sulrproqrams .

Each systerl fu"nc'cion s1i-J;proo;::an rnel¡ J:e ca"l-1ec frcrri eit.he::

tÌre rrrainli ne or r'achine i:rstruct-i-on si:rJ:'procî::a.in. líct

pa-ranret.ers are passerl- i:etr,,reen these routines a-s the TRB a.nd

llSÄ a-re usecr a_s colniïion a-rea.s.

LCADE!ì. - r,oacls relocat:ab1e co¡---rre f::c::¡ a s-,¡s'r:eri'ì data se-r,

assiEns absolute a-c-ic].resses a-nr]- cstablj-shes irioql:ail. enir:i
^^.i ^ +-
F.JV+f,¿ L.

Tni'r-ì al lt' 1l-06 loca-i:ions 20A ^-?.47 ^ a_nr; 257. al:e'toac]-ec.,v ¿vuqL+v¡¡u -""8 ¿._, 
B 

o_rrl; ¿J1tO clt(:

t','iti: the instruction

SLJ t*Û250

]ocation 251^ is'load_eri_ r."¡ith a cli-r::r.1r i_nstructicn.I
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TT:iil I,CÄDIR/I i:{TlE ñP iìEÌ,'E F,

Reloca-tah I e code is read f r-orir. f -i-le st¡sur2 . .tibsol u_t-e

acld-resses a-re assj-gned" equal to the reloca-tab1.e add.r:esses in

tire f il-e. F'igure 3.1.2 shov¡s Sl¡Sïl:i2 ::ecorc'l- -ic'rma-t. l1n

entr\/ adc'l.ress record- 'loa.d,s the !-¡6¡çrisf-çr.

EADCAL - con:putes the effect.j-r¡e ar,r.d.::ess in the current
irrstruction.

The Florv chart of effective address calculation is in
Figure 3.3.4.

Sr.ciji{ - Tests the status of ti:e Guarci liocle/st.oragc T,:'-i.r.-i_t.s

inóLicators in the PSR ancj i-f ena-bted tesrls f-or a- r¡iolation.
EADC?:.L has previousll' se't v-iotal:ion fl-a-qs

There are tr,¡o entrlr ¡;oints tc¡ ,BI,CTÌK.

i) tror inst.ructj-ons that reacl" onl1r froin. nain st--orage.

j-i) tror instru.ctions th¡.t wrj_te inlo rnaj-::: stoi:age.

viol-at.ion flaEs in the rF.B and D3rÐ2 sett:l.nqs in the psj,l

a-re exa-minec. A stora-ge Linits internr-nt is effecJ-or'l Ì-xz

loading 2tL3 into Il\ in the IRR.

i'iDUitP constructs and- print,s one l-ine of data. - l:ejng ilre
co¡rtents of con'brol regi-sters 1¿l 17 and al:sol-ute locatiçns
5!2 515 (¡trini-d"rurp) .

piìIl{T)i - Perfornr.s all I/O for systenr. p::j-nt f_i-lc.

Opens, cJ-oses a-nc-:" v¡rites to p::int fj-Ie.

DUi{Pl( - Constru.cts a_nC" p::ints an t_1-08 core C_ur:r,p.
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Data from 1108 internal i:egi.sters aatl rir-a-j-n- sto¡:ace are

f o::ila'ttec-l. a-s shor+n in Fi-ciure 2. 5.l-.

J¡-li - T::a-nsfers c'l-ata_ fr:oir, the 1-108 arithlletic contro-'l_ '._Lnj^t- 
,,,.:¡;,

to rai"n storage u-ncler j-contrcl. ''i :'; .

The cla.ta trans'Fer: ( see Tahl.e 2.1.. 2 ) ì s eJlf ecteil. br¡

(a) Ã.tiiD-iníl off tl:e b-i-ts of. the i¡ai-n s'to::a-c.e \.zo::cl. r¿zh.-i-clrr

........ ,

a::e unchangeC [r1r the t::ansfe::. .' . 
"'.::

Lhen (b) OP-ing in t.he spec-ifi-ed l:its f::on the cont:col .::.::..

unit. r¡oriÌ ":":''.::".::

J¡i1\ - l|ra-nsf er$ tia.'ra f::oi,,. ti:le 11.01 ,lrai n s.Lo::ace to tl:e

ari-tl:r,iet-ic con'tro'l un-i--L u-ncl-er j-contr:ol .

The i::ans f c,r: is a.cco:ipJ--i-sirec-t Jrr¡

(a-) Ãl'iD-ing off tLre l:ib.s of tl¡.e n¿ij-n stora_cre r¿cr-C r,,¡h-i-ch

are to be transferred.
(b) t'toving the word to the -ACti, shÌ_f iing right. if

necessar)¡ and- l-eft f j-1ling with ei Lh,e:: zeros or
cìr;nc

Flu jiT Perf o::r: si'.J:tr-ac'Li.on ancl arlfLi ticn , i . e . 'i:<.r s i-.i,iu J-ate

tire a-cti.on o.Î 'the 1l-0û oì1es conÌlle:,"i'ien+;- s',:L!.t::ect-ive aricr,e::.

Fo:: sul:-tract'ion: iilhe ones coni:J-enent oJ: the sul:1--::e.lr.en,:.,: is
'La-ken a"ncl- 'çhe::r tl:e 1-ogj-c croceeds a-s Íor aclC"it-ic'n.

Folî ¿rclC-i-ti-on : T'he ove::f l-or.^¡ a.nri, ca_rr-\¡ i :.¡.r,ii ca tr:::s i-n the

PíìFì (nf ai:cr" I;û ) a.::e clea-:äec-,.

rf ei-tne:: ihe ¿.1r-gend or J:hc err.c-lenc:'-s nc.ga.tiize thcn i.t-_.i s

convertec to a twos cor",ple:rien'L. nege"tivc rrali-rc.
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T;i It LO.A ÐE R/Iri:iERtr,:,nüijï:

Tjre ac.:cl,j- tic:: is rerforne,a usì ng /36a ruJ- t_-ì-ple register
ari'tlu.rreti-c .

If tlre resu-lt is negat,i-r7s then j-t is conr¡e::teri. to a orìes

couiT:lelient neEa_tive va.lue.

?he signs o-f the augen_d, ail.C_end and. r:esir_l_t a.re Lhen

exanined anc]" the overfloi,; anÕ./or cerry inr:licators se.r: if
l1ôatAqcãr¡7

:.ìl-\rïDa - Pe::forrL'.s -i-nteqer div'ision. Divis_i*on t¡-J.les pJ-ace

fro:n. l-eft to :::i-ght anð, thu*q na]çes boilr. cl.i-¿-ì_üe in.tec;er anrl.

c-i-vicj"e f::actiona_l i:,ossil:.. I e.

rf ei-ti:.e:: of the argumeäts is negati-ve -?*hi"n it is
con¡rlemen{:ecl .

D j-vicle e><ce¡:tion checl<s are naäe.

The ci:.o¡i*tra j-s set to +0.

Ithe fol}oi,.¿ing opera.L_i_ons are perf,rrire#. 35 tir.es.
(a) the 72-bj-L d.ivÌdend- j-s left sl:ifter:t logically 1 bj_t

position

(b) tire quotient is left. shi.f teit ]-og-ì.ca 1.ì,v l- iri-t-

position.

(c) the leftn:ost 3G l;i1-s of the ci.i-r¡íclend, a.i:e treateci es

an j-nteger value a-nd_ this r.¡a'lue is conpa::ec1, i¿i.bh the
ci-¿isor. rf it. is grea'Ler ilran or eciu.al to ihe
d-iviso:: then the d-iv'i sol: i-s si:-bt::actec,.- frorn ,i--i: anrr- a

I hiL is storec]- in the ric¡htnos.L bit of the:

quotient. othen-¡ise nei.tirer this l'a-h:.e nor tne
qu.otient is altered.

T'he quotient is t]:en com¡:J-ementecl i:f tll.e s:'-qirs cf tÌre
13r



TI:lE I-OA.ÐilR/Ii''lTEil-ll ir itü'Fïì

o;:iqina-I- d.iv-ìi]-encj anc-l ciiviscr are uneqlral. The retla,j_ncler is
girren the sign of the diviiienc-.

¡'IULT - Perforils inteaer ones corir,ple;rent ¡nrllr,j-.plj-cation.

ff either a.rgunient is negative ít is cornpJ-enen,r.ecl anä the
.ari'l-h''o'l-i n na¡formecl. iv-ith on11z -positiye val.ues.r!,4$!u\.! v/-!r-lJ vlrl-y 

-uL/if,_L(_lVtj

Iach a-rgui.r"ent ís treated" as:

i,iu.l-tiplicancl = ¿1+218 * a2

li,ult.iplier = ir1*:18 + ¡Z
The resur.lt -is then conputei, by:-
If al- = l¡1 = 0 then result = a2t¡ir2

If a-1 = 0 tiren result = a.2*bl+r13 -{- a2"¡h2

If bI = 0 then result = al-'l.b?'p218 + a-2.xy¡2.

oti:erwi-se resir-l-t = (a-I*blt,21-8 * alr¡b2 * a2,Fbl) 218 + a"Z+l:?

The result is then conprementecr if tire sicns of èÌre

m.r'l *-i nl -i ^--Â qnl! r.lrl J-i n'l ì oyLiiu- LtrJ-IlJl-cano ¿---* -...^* e*.j, ¡*ç! are tr.n_ecua'l .

urccoll - Transle-tes 6-biL Ä.scrr into 5ì,BCDrc. 
',.,_:,,.,,,,.,1 

,,,-.a: r: .....: .:.:.::t:.:.:

Either a sincrle or dor-lhle 11"03 v¡crc,r, is conr.zerteil_ to a 6
...;.:.:..t.,,;' ' ;'

ôr I ? Ìrr¡'l-rt r.h:r¡ ¡.|-av e't-ri n- :.':t:..:. .'qv Ç\-J- Ð (-J., Jt¿\.; .
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\-¡alu-e

n'Lr-l:tIf,e i:

1,1.Õ'c"e

r-¡ i n j_ 
-,.'l- I,r_:"r i,-

r,--rs êd- '.î rsr

'ihe 'ri:ã.ce an{:.

n F nl alai-¡rì.1
:."- v ji_\';_r:

-.:---..--..:-.:-.......-..:....'.:--:::...:.:.:.;.:i.-:i.. r,;'i'..r--.::::,;. .-. -.-i;.;.:...:i..,..r:.:.;¡..;-:a:,.;

î.e::el:a'i.C::.

to iien.e::ate ì. ni:ecii::: l:a.l:1íì.ojrl il.i.r.l-11:ìejtñ

c1,.t i (. !- '.j. J'r- aç 't*eie;i seÐãllâ-te:!-r./ fo:: it.3î J-a,l+i: as a

i. L t¡-:

ire:-rce

rr¡'ì " ^v u ! r-t::

I,IO]] r].

:i I -1:: j -'',:- -i- n i:_ e i: ¡l ::

i-s rlo',: noiltìl.LlJ-v r-ú-n. on -i--he 1lf, "

i,s å.n oriil" ,i-:-:*.:eoe:: j n loca-,i.j-nn 1':''i1 . ir'he

shc:r1ii no'l- hri a-,1-'i:*::c':--'1. !-et:'e.en i:¡,'1ir:ni;.i

ia.cÌ: ,=:a-l-ì.,'l.olt l1ì.-r_l'ìl)î:i: r:.$ s ì-_c,'î,¡r,ì, i,t" 11.ìilì .

ltçr-t-i;-j-¡e 'ì s r.iiîi-i_t3l-1. -L.¡ frâl,e U.sa o+ r.i.ì:

ân{i, :irai-n fì.i:oi:â-!trjì

t:L cori.ir Le.i: . iihc ìf it'.i-Tì. i.- -i.-'l-.1us b-ra- i:¡s lt,l..¡

t ocie'¿hr:r Ti,':ovj-a c an- e>.:ce,l- I e:i_ i-- ::+:co::i.1,

133



: iiit
.:::,,

.ii;.:.

.t:!i..

)i.l
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/lRLV,92 .,OB | 0299'XXXr ItT=?0r I=20rC=0rL=2 tR=421
//Ji.ìtlt=. I8 tlÐ DSr'l=RLr'l 

^CL.A02il4,. 
ll4CL IÞ-r.!,ll I,r..;.SYSDAT

/ / DI Sp=StiRr VfjLl,,ll:=SE¡{='J¡41./r34
'ti\ -. ¡¡çr1 EXLC P.l¡:=ASYIl,)3r'ìn:3t l¡,1=42K
lÌì //SySUTl r)il i)S,r,t=r¡¡r.. 1a,_.AÐ2¿4.SySr,ïtrrj¡llI=SvSDAr
.'-'l.t.-Vil.¡¡l,1¡'=¡''..=-.!i)l't!,.1iì\'.T'|]t'j)'l5'.|,=(.i.iEi!ll.)-Et=ËIE}-l.SPAÇ-E.=_t-T.ß
' t t rìaiì-lDf-.C\t- f-!t! (C17tr-\1L -l ðÊfl =Qál:i |/ DCil=(PECFIa=FrLiLKSIZE=9artilECL=34)
ii _ ¡zsvs,rT2 DD DSN=RLf.!Act-.^e?24.sysrJr2l¡ut'i IT=sYSDAr .. ,.,.--,-,......-..ii, t / vt)L(t tE=flEF=i,rlE.¡4CNIrtrr)lSP=(tJEf,l'KEEP) TSPACE=(TRKr(1rt)
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CONCLUSTONS

1108 instruction timing.

1108 I/O section (see Appendix IV). Simulated T/O

devices could then be "interfaced" with the 1108.

Vühile the simulator does not, illustrate all 1108 ,', ,

:.: 1.: :',:'t:

characteristics, most have been included¡ for example -
indirect, addressång to any level
indexing at each leve1 of indirect addressing 

,.. , i

index register modification

storage protection "' 
-'

guard mode

partial word arithmetic

- partial word data transfer
program relocation

- repeat,ed instructions such as repeated search and

repeated masked search

- multiply and divide fracÈional instructions
interrupt handlíng

The aim of the project $/as to illustrat,e that the ;,:,.' '

development of an 1108 simulator for use in student teaching ',,', '

. l :,,.- l

râras possible. It has been noted that problem areas exist
where the simulator does not exactly represent the actual

machine operation. These variations are so few that they do 
i:.:,, ;

noË detract fron the simulators use as a student teaching : i

aid.
In gther cases a true representation was obtained. at the

cost of the efficiency of the simulator. For example, one
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CONCLUSTONS

hundred and fifÈy /360 instructions may be required. to
perform a single I108 division.

The sample problems contained. in Chapter IV illustrate
t,ypical student programs. Many 1108 features are used in
these programs and the total /360 execution time for compile,

Ioad and execute is less than 3 seconds for each example.

Therefore, it is concluded that the simulatorrs inefficiencies
are not critical when being used for stud.ent programso

The advantages to the student using the simulator ares-
(1) First hand experience on a machine with many design

differences from the UnÍversity computer.

(2) AddiÈional aids built into the simulator to assist in
familiarizing hímsêlf with the 1108 and writing and

debugging his programs.

The idevel;opment of simulators of this nature is ,a

relatively inexpensive task. Approximately I to lL man years

would be sufficient to produce a conprehensive system. The

simulation of computers will soon assist ín the teaching of
Computer Science at the University of Manitoba.

.:L:.;.ìri li:f:::ì:
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GLOSSARY

"AI{D-off" bits within words referenced by repeated

masked search instructions and some logical

comparisons. The Mask Register must be loaded prior

to execution of the instruction that references it.

Menory Select Register. I¡then an interrupt occurs control

is transferred to a fixed rnain storage location (see

Table 2.1.1). The address of this location is

computed using the contents of the 3-bit MSR. The

C(MSR) select the fixed address in one of the main

storage modules. The simulator has tuio modules,

hence C(MSR) must be zero or one.

ones complement binary. This is the 1108 internal

representat,ion of aII binary integers. The negative of

an integer is obtained by complemenÈing each binary

digit. i.e. changing all zeros to ones and, all ones to

zeros. This means there are two representations of

zero, viz. all binary zeros and all binary ones.

Throughout this presentation the former is called r0,

the latter -0.

Overflow Indicator. Bit 28 of Processor State Register

indicates 'overf low in most recent arithmetic

operation. Or¡erflow is defined as the resultant

si-Ern of the arithmetic being inconsistent with the

argument s.igns,

ê.g.*x*(+y)gíves-2.
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GLOSSARY

P-register or Program Add.ress Counter. AD 18-bit'

internal register that contains the absolute address

of the next sequential instruction. The instruction

fetch is made from the word addressed by the

P-register.

Privileged Mode. A mode of operation established in the

PSR which protects onty againsÈ out-of-bound's

writes. The ent.ire instruction set is available to

a program in Privileged Mode. Each program run in

the simulator conìmences in this mode.

!

Processor State Register. A

which contains the

indicators whích define

time.

36-bit internal register

two base registers, and

the state of the CPU at any

R-Registers. Control register locations 64 to 79 (User

R-Registers) or 80 to 95 (Executive R-Registers).

Includes the Repeat Count and Mask Registers in

addition to 13 others for User or Executive use.

Repeat Count Register. Control register location 65

(User Repeat Count) or 81 (Executive Repeat Count).

Used to specify number of cycles in repeated

instructions such as search, masked search and block

transfer instructions. The repeat count Register

must be loaded prior to execution of the instruction
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GLOSSARY

that references it.

Storage Limits Register. A 36-bit internal register that

contains upper and lower bounds for both instruction

and data banks. The load.ing of the SLR does not

enable storage protection, ít merely seÈs the

bounds.

u-field. 15-bit field in instruction word (bits 15-0).

Specifies the operand address.

User Program Mode. A mode of operation established in

the PSR which provides full protection against

out-of-bounds reads or writes and use of certain

priveleged instructions.

x-fíeld. Four bit field in instruction word (bits

21-18). References an index register which is used

in address calculation.
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i.¡.st-::i:.c'i-i c'n

(l::) set$ |he /3r,n -i-l--¿.t;e:rvaI .i._j.:'ie:: i-.r¡ j-n-i-.e:::ri_r:::,r ,,;-lie

i-nte :rÌti:et+:: a-f 'tej: a s:ia_.11. L j i;le llel: j ,f i. .

l-oaCs i jeta- j- I g i:-i T /t o¡-e::a."i- j n:r otitc) r. /: -t_i¡.r: .

ìlãe of tl:e 'l:iner aiaa-lìl-e s l:-L:c " _'ì_l_,ì I Ct-,I_j.": ..Jv-a

'l- 1- ^!-. i. i--

tes'i:j.."r.-í cl t-lrc fil €j-eLql- j:o iiei:ect a_n a/n tn,.*r,r",",..

ïn {:eÍleilal T./Õ i,:nst,::i_lctj-on,s e-jlâ trea.ïeJ. accord,.i-ncr .Í=o

n--Jr,Q-'.lif e Ir/. 1 . I'll-ien 'i:he cur::etr i- t.i-,,1e i-n're::.¿a-l e;<iri::es ,.r..lt c

Êl:ocri:e:i" i:epi:escnte{L i-n ricir:::e rv. 2 i-s e>:çcute.], . T.l] i s à

col-ti-rt ôf i_:äte:::¿:ii::-ts irenal,in.i, i-.e. ð',,,:ai-j..-_ eli:i_i:ar--i_ctr nf tit,le::

IT,i is ¿r- count of ou i:s';and !,nç_i_n+_c:r-î:,:r._r,.n-i:3.

(

'l 1lp T1l?r;rf /íìrrmnl-¡..

I3I lunc+;:'-cn . :-¡.jr:.

i,ilc of T-,l"C_ii a.c'Li_v.i.te Lhi:ee circui-t=
(a) f orce e>ì"e::nal llunc'ci-on (iJeec-i:iv a,'i:.er: r lr::: jr_:l.i: c-./c-'l_Ê)

(b) e::ie::ua-l- îu¡:ci-i-cn (rir:aci:i_:iai:.cil l:r¡ T,?C. t¡líli iriì,iC)
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-l 
/ t\ ..! i*: rì r T.ar Ì r Yr í: a.- i4.

(c) olltîrut ã.c';ir'¡å] coni:TOl- (,-'i,eac';.-ì,va"r;e, i i;.;.r i:cr::ij_i.e._ì,

cr:n,:1" i Ì:i ou. oi: llC )

'll:e o,,t'l--.n',rt c:'la-:-r.nel ì c s,?--i-'-l ì:-o l-.e o-a¡'i.-.rr; i-:.. îi::_¡t'¡-i-¡i. r,c l_c

'.¡hen tl:,r: e:<te::lal- .îr-:nct--i,ll1 tl,¡-ri ç¡i-1 1--nr,;l'i ¡-cj:.-- vo ccn1_lîcir_

c j-rcl-:i-ts .l-i:e ¡ir,rr:--l-taneot-t Bl:, aet- j-ve.

LTC)'1. algo a-c-t-i.rz¡-'Lcs -

6-5.'l;::;r.1i-- :ic:;rir'o:¡: ccni:.j:o:1. c.i..-r:c'l:.-j-'i- (i¡-eec+-'ì.'lr¿j-el. l-:,r' -r-ii.c,r i_¡:i

no,Je i-nter::r,:-r'c ol: b=,¡ lFCr-i-i,îC c:i lna) .

ISI Oltri:t iocl-e.

.r.íic c,ì: i,lcli ¡ci--i-va.i:e -

outl)u'L ã.ci-j-r¡,: con.'L::c.1" (<1ca.c-ti.-'.';.'l:er'1. lì',. te-r:i'i ita-'. cni,i-i.i.. i:.-i.or

(-r ¡îrl I .
'I'l^re ci:-t;::u'c cÌra..lnc"']- is sa.i,-ì.-i:o l:.,: ¡,c'i:j..i¡e i-:l oi-i,,,'irlt- tïiollr:l

',':llen tne ':rrt-nil'i:- a.ctive co¡.L..;n-!- ci-::clii_i. _i-s ¡.c'i-i.i¡e atr,-.i,.i:-ìte

exLe::na1 rÎu.ncì:io¡ cr:¡:irc.l- ci,-r:clri- i i c s.Lrr.,.iJ-1-nlrcoii,s-l-...¡

i-nac'!:i.ve.

I-'QC.i']i ¡.-'l-go aef-:1r.¡.:r.tes -

C,.-i-'i:Trï'b :iiOn.i-t-c):î COti,i:::¡:r>-l- e j-^i:cr:.i t- (,j.e¡.C"i.:iv¡i*=¡111 r,7l:n¡ Ct:;'¡--=.",j,':

.,'.On.i-1:ç:: j.lr*-i:ïj:tl.:::'i: OCCrjl:.: ^-r h-' Ì,nñ, T.^¡ î-ì: -,^.î) .

I:1T- Tn:r:.:li: '.4r..r'l c.:.

i,TC ol: L,ia,l¡i a.cr.ji.,iì.'ie

j.nl,at-- acl:j-;e coíit-.':e-l- ei ::cui.j. (ie :;.c'i-i..¡::+.¡i.1 t---, 'i:c.l:,'l:..i-¡.-j

ccn¡ii-1:"i.cl o:Í ''r=' ilii) "

3.1 .i,;:;.,1:ì: Cha:,rn_c.1. it i"f i1:r:-',t. .l. ill r.-Íì11 :_^, j-_.ì,.1 -i l-"-...-, l- t.a-'--i,:.ri

clit'i:]:rrl- c::-.,:c:.:.:t': i I ei'i:i..'..:.

L:C'l a-1,. a ?.cr::j_1.,t;,.i!:ti -
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I/ Q SY.C"iTOl:;i -ìñSIGlr

j-n¡,-u¿ no:r i-Lor ccn'i-ro -'l- c -i-.,: cu it (.I eac i- iva i;er'l 'i.¡i:.cn !¡ ,rc- t

-:or1.l-toi: i-:i'.,el.ri;n't ccc;::: o:: ,;¡lt*n iì. -I. i"s e::ocr,r,'tî.: ) .

trll.l a:1.,-i,l'-.C lc¡¡,c'ti.,¡;-tc ci:¡.i-..1r:-1-g.

,1T.r.,,:(-\: .--'ì_:l;.i ,i-C '',:l_.:''--. c_.:.:.:.:-l+.''l- '; !-;t'i;;.S.

Da.'ta il::ans-ie:: j-s rcii'brol J.ei-l. i.--'..2 1'ceeît îni:'L.::c¡.1, ','n.':ij.3 (i^,i,C:r.

Íc:: i-n';;u-t, aACl o',;tl',rt) . l:'ol: i':rI cl^,a jlr:ìels j:.}r.es¡ cr:n,;::n,l-

',,¡o::il s ai:e ccnt;:cI ::cqi,s'l:e.i:e 3?*li ? (,r..."-,) a,ni¡ tt,?*13 (ili.ç¡¡";

oìre for ea"ch channel-.

l.-Ì-re li.::li:.1-at.c:: l.-o.,.ri¡s F-l-a,:ì; ,-le:i.o'i:i::c; a.c-:-j-vi-';..,' ,f i -i:i:,e

.Ío J- 1 ol,, -i.:-r.ry c i-.':cu j- r".g

? ar ce e"'< Le;:¡.a-l- ii-:-r:r: i--,j-cn

e:<i: e::na l,,lunrL.,-'- o::r

oi;'Lnut ¡-ctivs ccn crol

i,:-irut act-i'-ve ccnt::O-ì-

¡-lir'l--;-ììr'l- r'.i.:lT ì .tni1 cOf .l::Cl

-ì nlu+: 'aon.i.t.c; con'i-:::ol-
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T /'a, :-llÌíli¡iil:ì: ìl:rÍIÇ':

"'ri:ìe:.1 
aL1 i/) i-ng l-r¡:-ct-ì-r¡n -',.s e:"te cii{:i:íi: -'l- o-f Tr(-r-f qÌ i-'i:e:-'-,s al:c

':lacei-j" on t-.i:Le T/a\ iist" Tl:c alel:e:.':''¡ oî .Lh.is lis.l- co:r'iairre

(¡-) cl:a¡.i:e1 Lr.ilinl'ìe::

(h) j-n':e:r:ruli: a-d"C:i:ess - 'ì rlen-i:i F-i--s _i_l'i:e ::::'.rpL t1';r+.

(c) j-r.le;rt-i-f i-r-r (,i_nit"c'{: o ou'tr:r.r-i:, 'îi.rnc'l,.1ci-r, e:r.,.i-clrl-ìî_1.

'i r-r i n i^rt I i:rt )

(d-) st-a'Li,rs r¡o::r'l

(e) f laç tc i:-r.li,:aJ-e i"î Li:,re i-:r1_-e::va!- h¿s e_1-ans+:rj.

=-le,-.r.en'Ls rent'ai-n on i:l:e l-.i-sl:" ,"r:t L.i _1, tl-:,e i-ï,-h11::.-f ,,r_n-L is

nanLr,lcc'],.

T rr -F ¿'-¡ f r r n'l- .:

A;r exte::na--l- i¡rtet31¡r,;:'; :-:,rC- ica';c:j cn.] of o;re::a"L__:-cü .

lî:-lncii on e::aì:e.rna1 i n'l;c:c:r:u ¡'Ls ¡ an,i oitt.i:ir t c"'<-Lc;:i,¡__l_ i,.ü lc::::ilr-r:s

:re ¡:et ou.tçu-L ac{:i"ve con't::al. T,rnl,ì.'i: e::i.-.r¡z:r.,¿1 ,'l- i-i:.i-¡;ç1;i-¡r1 l--g

rese.c ì ni..ut a.cti-ve eo:i:t.ic--l,.

'¡h+ e:ite:;:::-a-'l- ilu¡ct-i-n:r. con'i:.,r:o-l- cj-i:cr:--i',t aci,:j-r¡etes tl:c r,--::i¡

con'L::ol si-cinal a-s the f i.¡:s{-- t:torù is rece,i ved l:rz r,-.le

ô.rl^õrr^À^1.a
.f,!:i') , > i-r-jì.

-1. rton-iì:o-r: i-nter:lu.ni- j_n,,Lic¡.tas eiirj, o:î o:-,.c:ra-iian aní: l:e¡ei...:;

'l-lr a ì-^:1rñ;1r j ¡.f-* ,- j -r,-rr i {-..j-'.,.
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..:. ^.-:.: -.r-,.1 '.:;:;;:irl:

, li-L ì-- 
-

^^-..ì-,; 
- ,i_ 

^7ç!/, r.:i.: L.-:J_ ,
," 

^ 
q -¡ ":Ì1 ,-,i i

oL:-j-c::-Lr::I

c,r,e¡.¡+.j.or s.l ;),j-

i,'cr.l r

ì14._1 t_q r.ll7.¡-4, 1_.i_C

i-¡;'1'¡1r: r;5 i_r¡3 s îlcrl

rî.-1,1.rr_--!:. .¡_ ,1 ,1.t1...-.:.j.. 1i:. 1:.-'i-. 
"

Ê)icel- -l-flil il:

COil-r:râ.1_r j. Ê. -r_n

coÍ,rr,r.r.t4l:n

.lt.:r.l-.;l j_C a r:r:-- I',t:l¡.:.-:

jl"¡l: i.'11-C jì:af ,ìaliì/.,aï

lt¡l j n., l,i_r: f ¡.n:r..ì 1r o

4-nh¡.ve

\"7iLiìS al

en a"J)'l e

.:: Li_- u l.-,r=

.. i.l{i

_a_¡.-¿-rr-rlq._!r_.: 
r-' ii:¡rt -'.-/a.,t

ì. i.- r.r./ç j.l,:t: i j- . j Ù,.r 1...1j -:)

\'j:1 O:f î ,-iS 3-: .flC(Ìiii:-'l:

3'i:c],-i.r;r': ,nî ,:, Llì3 ¡S.t".C; ,l S

j ., .. --t --'i-i-... : Ii=

i.-s To::on-to . On-l- i¡e te:r::¡,i.:,:a._l-s

-l=-r¡,1:'i:S Of {la.;f).ír-.,:¡r1 , tl,î.¡" ar1,.l

t,.'.:r-l_ì: i_.¡r.:t S1,":l'L_il: i ,

* íi.t 1

ß'i'Lìllä;C,.lCrji_r. "r-r_i:.:; a :Ì.lL l.r.l .:.:.:...'.,-'..?:.'., t

:.il :lì.ìitr. í)n :; co]l.:l:L..;.1j]:'. i::LC:l .

a'1 .'!_-lr.a r {i

(^l olii.e

r:l.i-l

-for e:;:ecJ.'itåoi_r o r i-:i:s-Lr:L:.,;'L_:-*::s,

].--/,.- l1r1 . --'tt:Cl.ii:ì.i'Ê, ¡1();f lj:'î'l .

îoi: i:::c.l- i,l::s . iach i_s

cii-ec lteil" li -''-ç; l:'

of t:re l-iC î auû

jl::ocessjr;::s ¿tl:(:t cr-'¡:-ie_1. 'i )l_l

llr_i 1 l_tí-i

rli^,ei2r'iÛ-n:

{ì f i.:::e

-::r.i -. 
^.!-^-.^=\t:..j fl:- -!-.^i.:l\..

r/oÏíl-ft " il'''3-'l-n'i:-i-tÌe

::,i;-ci:. lJârl -^.4 ^ --;- .r- I ,;J_ _

-!-i : r; -r

i:c-1

l¡.Í

lt__i_:,': .!-a3...1;.ll¿l

ct_t^â -l

i.:"i.1, --!..'l:
1

:r¡ -r'i -i-i¡
'r'.'-4 

.: ;.|
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I . I.in'ì '¡ac ?::Occs:;o;l ¡n,.1. f i-o:rt¡¡.lr.r, Þ.':r)ci::a],l:rlcits ûe.1 1::eitce.

iecì-i-on 6 . f . S ea::ch. a,¡l,l- :t ¿.'1'1,''.1y.1 Se¡.::cl-, ïr s i-rr.rci,,i-c::s ,
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