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SECTION ·1 

GENERAL DESCRIPTION 

The V70 s.fn ProcHaot Menu•• dlHCribes tt'I• 
processor. 110 control. and centre• panel. 

NOT&'. 
1"""•,,..,..,.,· ,,,,.....~ SCMCrl•• ,,,.~ "V"IO s., .... ...,..cocrte 
~ COll'l•DUC• lft!ICMHI '172, '173. \/71. '11t. IN 7"7·t00 

The manual is d1v1dlld into sia sections: 

Feat1Jres and specifications of the processor. and 
relatttd pubhcat1ons 

Installation and interconnection data 

Operation 

Theory of operation 

Maintenance 

Mnernonu:s list 

Ooc:ument!I sucn as 10911: diagrams. sct'lematic::a and ciarts 
lists are sucohed 1n a system documentation p.acxage. 
Th1u doc:umentation is assemtlled wt'len tne •tQu1oment is 
sn1poed. a1nd rettects tne contigurat1on ot 1 scec:1tic 
system. 

The tollowmg list contains tne part numoers of otner m.anu0 

als ~nont to tne V70 series c:omouters (tne x at 
tne end ot eacn document numoer is tne revision numcer 
and can bet any digit O tnrougn 9): 

SK Core Mlemcry Manual 

St< Sem1cenductcr Memcry Manual 

16K Core Merncry Manual (1200 ns) 

16K Core Memory Manual (990 ns) 

Oot1on Board Manual 
Power Suog1y (Universal) Manua• 

V72 F'ower Suooly Manual 
Mic:roorogramm1ng Guide 

WntaOle Control Store Manual 

Memory Miao Manua• 

MAINTAIN Ill Manual 

98 A 9906 03x 

98 A 9906 0 .. x 
98 A 9906 24• 

98 A 9906 2~x 

98 A 9906 OS• 
98 A 9906 06• 

98 A 9906 12X 

98 A 9906 07x 

98 A 9906 08ll 

98 A 9906 10x 

918 A 99S2 07x 

Higt1°speed logic and use ot a 60-nanoseconci access-time 
control store permits the processor to exe1:ute a single 
m1cro1nstruct1on 1n 16.5 nanoseconds. A processor interface 
is pro..nded mat permits tne internal ecntrcil-store 10 be 
disaOled by a wntao1e control store aOow1ng for sc:>ee1;;al 
acolications througn user m1croorograms. OU"ler features 
ot tt1e procesaor are: 

btendable a~itecture tnroucn m1c:roprccramm1nc 

lndeQtndtnt operation of memory, 110. and processor 
functions 

Multipl•bus structure 

Comor4!ttltns1ve set of sn1tt. arithmetic. and 1011eal 
funet1ons 

Table l·l lists th• SQ«ifications of tne processor. 

Tabfe l 0 lo Processor Specifications 

l.01u: l~els 
(1riternal) 

Loeu: le'ilels 
(110 bus) 

?ewer 

Environment 

Foirced·air 
COCllinl 

S~iflcatial"i 

16~ nanoseconds (m1croinstruet1on 
uec:ut1on time) 

16 bits 

Hign - ... 2.4 to ... s.ov de 
Low • • 0.4 to • o.av de 

~11n • • 2.8 to • 3.6V de 
I.ow - - 0.4 to • a.av de 

Processor board: SV de at l2A 
Oot1on board (wttn all oot1ons): sv de 

at llA 
Contro!·oanel board: SV de at 2.lA 
Termination st'loes (on bac:K of 

mainframe): 5V de at 3.2A 

0 to 50 dqrees C. 10 to 90 percent 
relative humidity without condensation. 

For each 3W de power, one cubic: foot 
ot air per minute aoolied above and 
bmow each Clra..ut board. 

l·l 



SECTION 2 

INS'TALLATlON 

2.1 ~NSPECTlON 

The processor has been packed and in1Qeettcl ~o ensure its 
arrivat in &cod wor~inc order. To l)r'twn1 d11ma1e. taKe 
are dur1n1 unpackinc and handlinc. Check tt'I• snic:ip1nc 
list to ensure that all tQuiQmtnt l'las bfff'\ received. 
Immediately after unc:iackinc. insgect the eqiuipment for 
sn1ppsnc damace. Ascertain that wtres and cables are 
ne1tl'I01' loose nor broi.en. and that hardware is secure. If 
damage u1sts: 

a. Notify tl'le transportation company. 

b. Notify Soerry Univac:. 

c. S.ave aln pack1nc material. 

2.2 PHYSICAi. OESCR1PT10N 

The processc>r circuits are on tl'I• 15.6 by 19 in1d'I processor 
board (pin 44PQ6l4), tt'le 110 control circuits ire on a 
port1C1n ot the 15.IS by 19 inch option board (pin 44P0619), 
and tl'le ccntrol·pan .. circuits are on the 6 • .5 1)1 17 . .5 ind'I 
control.panel board (pt n 44?0645). On th• c:antrol·panet 
board. is mounted a sw•tcn ass.,,,bly (p/11'1 44?0647) 
conta1n1ng c:ontrol·pan9' sw1tc:J'tes. The pt1nted~1rc:u1t (PC) 
boards are illustrated 1n ficures 2· 1 and 2·2. 

Fi1ure 2·3 snows tt'le locations o1 the processor. qpt1on. and 
control·pan_. boards in a typical maontrame insta4lat1on. 
The c:omrol panel can be 1'11n1ed ol)en (fie:ure 2·3) or 
ccmpletety removed from the mainframe as follows: 

a. ?1.sll 01.1t tl'le control pan_. to tt'le loclutd position 
(acc:>ro:umacely 2 inches). 

b. l.1tt uQ on tl'le control panel a fraction o1 an ind'I. The 
panel can now be htn&ed down to its open ~1as1t1on. 

c. For complete removal ot ttle control panel. unpluc 
c.actes from connec:tors J l and J2 on the c:ontrol·panei 
board. press 1n tl'le locx1ng drt1ces on sides ot slides. 
and pull panel completely out ot tt'le masntrame. 

d. To install tl'le control panel bacx into the maintnme. 
insert :slides into shde rails and slide ttle panel toward 
the rn:11nframe (the shde loc:lunc devices must be 
pressed to move panel past ttle locked pomtion ). 

2.l INTERCONNECTlON 

CJt"c:uit·board connector functions are listed as follows: 

a .. Processor board 

Pl. memory and l)Ow.,. 
J2. writable central store 
J3. writable control store 
J4, OQtion board 
JS, 110 lines 
J6, multiple procnsor and writable 

control store 
b. Option board 

Pl. memory and pow.,. 
.J2. not used 
J3. awuhary 110 lines 
J4. processor beard 
J!. 110 lines· 
J6. writable eontrol start and i:irocusor 
J7.· pnonty memory ac:ess 
JS, Teiet)'l)e 

c. Control-panel board 

Jl. 110 lines 
J2. pow41f 
.J3. switch assembly 
J4, sw1tcn assemoly 

The pin assignments tor these circu1t·board connectors are 
giv•itn in the logic: diagrams ot eac:h ooard (in System Main­
tenance Manual). L.ogic diagram part numoer:s are: 

a. Processor lo11c diacram. pin 9160378. 

b. Option 1011c: diacram. p1n 9160401. 

c. Control·panel logic d1a1ram. p1n 9180406. 

lnterconnect1on ot the processor. option. and control.panel 
boards is shown in figure 2-4. 

2·! 
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SECTION 3 

OPERATION 

This sectto1n desc:ribes tne operation of tne V70 Hriff 
comc>uters. 

3.1 SWITCHES AND INDICATORS 

All switd'ln and indicators requir9d for ooera·~ng tne com­
putetl' are located on tne control panet. Not au computer 
models nave tne SOOT SEl..!C'T switc:n locatei2 in tne upoer 
l'lalf of tn• c:ontrol panel snown in figure 3-1; l'lowever. tne 
otner controls and indicators are tne same on all models. 
E.xc:ne>t for tne POWER and SOOT SEUCi' switcnes. wnicn 
are key-operated. all control.panel switcnes are pusncut­
tons. 

3.1~1 POWER Switch 

The ?OWER swetcn is a key·oQet'ated, four·pc)Sit1on switcn 
tl'iat controls tne ac line voltace to tne c:cmputer pow« 
sue>cily. 

In H'I• OFF position, tn• ac line. voltage is r•amov•d trom 
tl'1e incut of tne gower sucC:Uy and tt'le option.at data saver 
is di:saoted (it present). NOi''E; wnen turning ott power on 
svstttms w1tn sem1condUctor memory. do not restore power 
for <It least 30 secondS to ensure tne refrelll'ler logic is 
operating. 

In the HOLO position. the ac line "°'tac• is acolied to the 
pow<tf' supQly. All de: voltaces are disabled uc:aot those 
required to ma1ntaan data 1n tn• semiet>nduc:tor memory. 
Ne1tl'ler the eomi:iuter nor th• control pancH is operational. 

In the ON position. the ac line voltace 1s aioplied to tl"le 
power sugQly. 8otl"I the comouter and control panel are 
fully ooerat1onal. 

The CONSOLE OISASU: pos1t1on i:s 1umoeMcHec:table to 
ooerate 1n two modes: 

a. All control·oanef pusnbutton sw1td'les ar·e disaaled. 

t>. Only tl"le STC:PtRUN and RESET sw•td'le:s are d1saaled. 

The jumoer is fac:tory-installed on the eontrc:il·oanel circuit 
board. Witl"I the POWER switcn in :he CONSOt..E OISA8t.£ 
position, tt1e ac line voltage is applied to tne power sucply, 
the computer is operational, and the c:ontrod-panef 1ndic:a· 
tor licnts cire functional. The key can be removed from the 
POWER SWttd'I in any oi the four positions. 

To tum alft the computer from tt'le CONSOLE OISASL.E 
position, tt..am the POWER swatct'I ON, place tne c:omguter 1n 
the stec rnode (using STEP/RUN sw1td'I), and then tum 
tne POWER switch to either HOLO (to manntain data 1n 
semiconductor memory} or OFF'. 

3.:1.2 STEP/RUN Switch and ST'EP and RUN 
Indicators 

Th•t STEP1RUN sw1tcn is an altemat•ad1on switch that 
switcnes the c:cmputer alttmately to the stao and n.in 
modes. In the step mode. the STEP indu:ator li&hts. In the 
run mode. the RUN indicator blinks until the START switch 
is pressed. at wnu:n time tl'1e RUN 1nd1cator c:cmes on 
cominuausty. 

Wl'lefi tt'ie c:cmouter is in the stei:i l'l'iodt, r,:iressin1 the 
ST'EPtRUN switcn places th• aimouter 1n the run mode. 
Th1t Si!P indicator coes out and the RUN indicator blinks. 
Wt1en in the run mode. the computer is ready to be started 
(tly cirnsinc the START switch). 

When the c:cmouter IS 1n tne run °rnode and l'las bnn 
started. press1nc th• STEP1RUN sw1tcn halts the c:omc:iuter 
after the current instruction has bHn executed and the 
nest instruction fetcned and loaded into the I re11ster The 
RllN indicator 1oes out and tne STEP 1nclic:ator liahts. In 
addition. a halt 1nstruct1on (after tl'le computer has bffn 
sta1rted) halts the computer and causes the RUN 1nd1eator 
to blifik. 

l~ 1 .. 3 ST ART Switch 

Whtlf'i the computer rs 1n the run mode but has not been 
started. press1n1 the START sw1tc:n starts the program at 
the location specit1ed by tne contents of tt'le program 
c:cunter. The RUN indicator stoos bhnk1n1 and comes on 
continuously. 

When tne computer is rn tt'le steo ·mode. prus1n1 the 
ST ART sw1td'I executes the 1nstruct1on 1n the instruction 
register. Then 1t fetches the nest 1nstruct1on from the 
memory address spec111ed by the contents of the program 
ccunter and loads it 1n tne instruction register. The STE? 
1nd1c:ator remains on. 

3.1.4 BOOT Switch 

n,e BOOT switch allows the bootstrap program to be 
loaded into tne c:omi:iuter memory automat1c:ally. The 
bootstrap procram enables the loading of the binary load/ 
dumo program into memory. When BOOT is pressed. tne 
RIJN indicator lights. Refer to the program uecut1on 
portion ot tn1s section for bootstrac:> program loadinc 
procedures. 

3-1 
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3.1.5 Register·Entry Switches and 
Register-Display Indicators 

The toQ row of contrcl·panef ligt'lts c:om~ses the 16 
rq1ster~islay indicators. They disc;ilay the eunt.,,ts of the 
display re11ster. This rq1ster, located on th4l c:ontrcH:ianel 
circuit board. c.an be loaded from the re11ster-•ntry 
swttc:hes on the control panel just below the 16 indicators. 
In addition. 16·bit data words can be loa1ded into the 
display rq1ster under c:ontrcl of the OIS'P\.A'1 S£1..£CT and 
REG SELECT sw1td"les (sections 3.1.7 and 3.1.9), allowent 
v1s1.1al inspection of the cont.,,ts of various rq1st.n and 
memory addresses. 

Any of tl,e sixteen bits can be set by pressinc ·the 
c:orresQOndinc r91ister-~try sw1td'i. With •I bit set. the 
corresponc~int disc:itay indicator liChts. Presi1ng a rqister· 
entry SWiti:n far a bit already set has no e!tfect. Bits ean 
be l'8Mt only to zero by pressing th• OISP\.. Ct.A awitcn 
(MCUon 3.1.6). 

For necatiw data. the s11n bit (bit 1!) is set (one). 

3.1.6 D~SPL C1.R Switch 

The c:ontmts o1 the diSQlay r4111ster can be cleared (reset to 
%91"0) by pressing the OISPl. C~ swttd'I. TI11s turns off all 
s1xttten d1SQlay 1nd1caton. 

3.1 .. 7 DISPt.A Y S£L.!CT Switches and lndic:aton 

The five DISPLAY SEl.Ec.T swetctles are uHd to select one 
ot se¥eral re11sters tor d1sotay1n1 its cc1ntents on the 
re11ster disotay indu:aton and alter1nc them from the 
reg1steM1ntry sw1tcnes. F''l'ess1n1 any Ol~SPl..A Y SELECT 
switch elncels any previous selection, turns off the 
indicators tor the previous setect1on. 1snd li&hts tt'le 
1nd1c:ators for the niew selection. P,.essinr, OIS?t. CL.E.AR 
(section 3.1. 6) clears the d1so1ay register a1id turns off the 
display 1r1dic:ators. 

3.1.7.1 MEM Switch 

The MEM switch selects the memory for data entry or 
display. For enter1ne data into memory and disolay1n1 the 
contents; o1 memory r11ier to the manual op11rataons (section 
3.2). 

3.1.7.2 STATUS Switch 

The STATUS switd'I disola'f.S the status ot various Sitf1als 
tram th4t processor. To disglay th• status ot these processor 
signals: 

a. Tum the POWER switch ON. 

OPlRATlON 

b. Ptact the comc;iuter in the ste;i mode. 

c. Prus ST A TUS. 

T,t,• recister-disc;ilay indicators now inqic:att the followinc: 

Bit 1.5. Key reaister bit 1.5 (CCX 1.5 • ) 
Bit 14, Key recister bit 14 (CCX14 +) 
Bit 13. Key retist• bit 13 (0CX13 +) 
Bit 12. l<l'f ~ster bit 12 (CCKl.2 •) 
Bit 11. Arithmetic and lcc1c unit carry 

(OCNOC+) 
Sit 10. Arithmetic 1nd logic unit sicn 

(OSGN +) 
Sit 9, Arithmetic and lcc1c unit outout 

equals all ones (CEQ +) 
Bit 8, Arithmetic and 1011c: unit 

OWf"flow (00VF .. ) 
Bit 7, S!'uft counter output b•t 4 

CCSC04+) 
Bit 6, Shift counter out;:iut bit 3 

(0SC03 ... ) . 
Sit. !. Sl'utt c=unter output t:11t 2 

(0SC02 +) 
Bit 4, Shift ·c:ounttt output bit 

(OSCQl •) 
Bit 3. Shift counter output bit O 

(OSCOO•) 
Bit 2. Arithmettc: and 1011c unit 

outf)ut zero (OCNOZ +) 
Bit 1. St.loerv1sor mode (CESK •) 
Bit 0, Not us4td 

:3.1.7.3 I Switch 

The I switch selec:1s the instruction (l) re11ster for data 
disolay or entry. F't'essinc tne I switch wl'ule the RUN 
indicator is off or bhnk1n1 (s1eQ mode or lialted) d1sclays 
the contents of the instruction r•11ster on the re11ster 
disolay indicators. Chancing the i:ontents ot the disctay 
rec1ster. by prusinc the OISPl..AY CL.A switch and the 
re11ster entry switches. automat1c:ally changes the contents 
of tne 1nstruc:t1on rec1ster. The 1nstruc:t1on rec1ster contains 
the 1nstruc:t1on to be esec:uted nest. 

3.1.7.4 P Swttch 

The ? switch selects the program (P} counter for data 
display or entry. Pressing the Fl switch wt11le the RUN 
indicator is off or blinking (steo mode or halted) disola'f.S 
the contents o1 the program counter on the rec1ster·d1solay 
indicators. Changing the contents o1 the d1solay register. by 
pres.sang the OIS?t.A Y C~ and rec1ster·-entry sw1tcnes. 
automatic.ally d'langes the contents o1 the program counter. 
The program counter contains the address ot the next 
instruction to be fetched. 

3.3 



OP!RATION 

3.1 .. 7.5 REG Switch 

The REG switch enables one of th• rn1isters desicnattd by 
the REG SEUCT switches (secbon 3.1.9) to b• selected tor 
data display or entry. 

3.1.8 OISPt. and ENTER Switches 

The OISPl switch is used wrth the MEM :switch (section 
3.1.7.1) for display1n1 memory data on the re11ster:diso1ay 
indicators. 

The ENTER switch is used with tl'lt MEM switch to load 
data into memory trom tl'I• reg1stet·4>ntry sw1td'les. 

Th,t procedures for displaying merTrory data and enterin1 
data into memory are described un.der manual ooerattons 
(section 3.2). 

3.1.9 REG SELECT Switches and Indicators 

Wl'len me ~EG switcft '(section 3.1.7.!) is prffMCI. any 
aesirecs gen~l-ourpoM rf9ister ean be Mhtc:ted tcr dis­
playing its ~ntents on me regist11r-dlsp1ay indicators· or 
altenng its cantents from me regi:s1ter-entry switcnea. The 
register se1ec:t1on is accomo1i:1ru1d by entering a binary cod• 
using tne tour ~eG SEL..ECi switc:n• designated 8. 4. 2. 
1. A one btt is produced by gntaing the aoon:ioriat• ~EG 
SEU:CT switd't: a zero 01t is prod1.i1ced by not pressing !1'1111 
sw1tc:n. A ~ne bit cacna me c:al'll'esoonding indicator ta 
li9nt. Table 3-1 lists !l'le t:linary caClff for soecitlc registers 
uMd wttft tne oas&c 1nSh'\lction set T.icle 3-2 lists me tiinary 
c:adn tor scec1t1c: registers u.stl'CI w1m tne •zt9nded instruc· 
uon set Wl'len tn• t:11nary code l'las t)een entered. tn11 
r991ster-display indic:atcrs aiutomatically dlsQlay me can· 
tents at tne MiectltCS rf9ister. Cr1anging me contents at 
me diSQlay register. using tne OtSPl..AY CL.A and re9i'-' 
titt ... ntry sw1tcnft (sections 3. 1. 5 and 3. 1. 5}. automaticau·y 
enanges tne contents ot tne sele«:ted registw. 

Taafe 3··1. 

Register Selection Codes for Basic 
lnstruc:tlor11 Set 

REG SE!.ECT Swwtches S•lected Recister 

a 4. 2 

0 0 0 0 A 
0 0 0 1 a 
0 0 l a x 
0 0 l L• 
a 1 0 o• 
0 l 0 i· 
0 l l o• 
0 l l i· 
l 0 0 o• 

i:ont,,,ued 

3.4 

RECi SiELECT S ••ttchet S-'ected R•cistet 

0 0 i• 
ll 0 1 o• 
:L 0 1 i· 
:L 1 0 o• 
l l 0 i· 
l 1 1 o• 
1 1 l t• 

• These codes select recisten that are not used l'or 
pro1ra1,,m1n1 w1tt't the instruction set of a '170 
system. They are available for WCS rn1c:ropro1ramm1n1 u:se. 
With two uceptions. th• contents of tl"lese resisters can be 
d1sp1a,·ed and altered using the control panet. 1-iowcvet, 
sud'! alteration should be done only for ma1ntenanc,t 
guroo!UIS or spec.ial agphcations. The re11ster selected w1tl'I 
0100 alwayS contains !l'I• contents of the 1nstruc:tion 
r111stttr. The rqtsters selected w1tn 0011 and 0101 always 
c:cntain all itroSi and all ones. rescecttvety: tne c:ontent!t ot 
tnese two rec1sten cannot be alter-1 from tne control 
pantt. 

Table 3-2. 
Register Selectlori Codes for 

Extended Instruction Set 
REG Sm.EC'T -Swtten• S-'eetecl Aeglatier 

8 4 2 

0 0 0 0 FllO 
0 0 0 1 Fil1 
0 0 , 0 Fil2 
0 0 , 1 ~3 

0 0 0 ~· 0 0 1 ~5 

0 0 F16 
0 1 . , Fll7 

0 0 o• 
0 0 , . 
0 o• 
0 , , . 

0 o• 
0 , . 

o• , . 
•r1i, ... codes select r99isters tnat are used tor WCS 1Tncro­
Pt0Cj1ramming. Witn rwo escect1ons. tne contents ot tl"lese 
r1t9isters can be aisolayed and altered using tne control 
pan, .. : l'low•YC1t. alteration trom tne control panel should 
Oe clone only lor maintenance purooses or special acolic:a­
t1ons. The register selected witn tl'le binary code ot 1 000 
a1w.1ys contains tne contents ot trie 1nstn.iction reqiste1r. The 
r991sters selected w11n t:unary codes of 1011 and 1100 
always contaun au zeros and all ones. resoectivel~f: tne 
c:ori1tents ot tl'leM rwo registers can not be altered trom 
tne control pan ... 



l.1.10 CL.EAR and INCR Switches 

The binilry c:ocle for a selec1ed re11ster (sec1ion 3.1.9) is 
cleared (set to zero) by pressinc th• Ct.EAR switch. ~en 
time the I NCR switch is pressed, the binary coc:le for a 
s11lected rec1ster is incremented by on11, selectinc the 
Sll.lbsequent re11ster. 

l.1.11 INT Switch 

The IN1' switch is used to interrupt the computer and is 
fiunct1onai only in the run mode (RUN indicator on). 
Pressing th• INT switch interrupts to mem1ory address zero. 

:s.l.12 RESET Switch 

F'ress1n11 the RESET switch: 

a. Malts the computer 

b. Stops 110 operation 

c. ln1tializa botl'I the computer and its ~1eripneral deYicas 

d. l.•1aves th• comt:iuter in steo mode 

e. If t,,e computer wu in run mod11. turn the RUN 
indicator off and th• STEP indicator on. 

f. RttSetS the overflow indicator {1:11t·8 recister·disglay 
indu:.ator w1tt't ST A TUS switch pressed. S11ct1on 3.1. 7.2). 

3. le 13 SENSE Switches and Indicators 

The tt1ree aUernate-action SENSE switches permit the 
uecution o1 predetermined procram branchina by the 
operator. Wl'len tne program contains jump. jump.and· 
mark, or uecution instructions tr1at c~epend upon the 
sett1n1 of the SENSE switches. the 1umps and esecut1ons 
occur only 1f the switch c:ond1tions are met. 

?ressan1 a SENSE sw1tc.h sets it and causes its associated 
1ndu:ator to light. Pressin1 the ume sw1tc.h a1a1n resets it. 
c:aus1n1 its 1ndu:ator to io ou~. 

For esamole. a program c:an be wntten sio that the ooerator 
c:an obtain a partial total of a column of ficures being . 
added by use of the JSSl (jump if SENSE switch l is set) 
instruction. The program .,.,,,tes 1nd1v1dual entries as lone 
as SENSE switch 1 is not set. When tho operator wants a 
part1a4 total. he sets tne switch. The 'prol"'am then jumps to 
an instruction sequence that prints the desired 
1nformat1on. 

3..1.14 BOOT SEU:CT Switch 

The BOOT SEl..ECT switch is inogeratMt on eomouter 
svsterns that have the new reg1ster•selec1ac1e automauc: 
t:>ootstrao programs. 

The 8lOOT SELECT switch is a k•'f'"'Ooerated switch avail· 
aote c>n .ome models to M4ect one of me tnr .. automatic: 
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bootstrap cirogram$. Att•r tne selection is made. th• boot• 
strap program is automatically loaded into memory by 
pressing U'I• SOOT switcn (section 3.1.,). 

.SOOT SEl..ECT switcrt pOSitions wit,, corresoonding auto• 
• matic bOotstrap programs are listed below: 
Po9ition 1 T eletyge 

· POSition 2 Higl'l-Sf:)ffd ciaoer tao• rHder 
Position 3 Oise memory 

3.2 MANUAL OPERATIONS 

Usina the control·panet switches and indic:.ators (section 
3.1). data or instructions can be transterred manually to or 
from memory or a selected register. and stored procrams 
can be uecuted manually 

Mariual uecution ot a stored Pl'Qtram is discussed 1n 
section 3.3. 

3.2.1 Disptaying Register Contents 

To display the contents ot tne instruc:t1on rteister: 

a. ?face the computer in steQ mode 

b. ?fess I 

To disi:slay tt.le contents of the grocram counter­

•· P,ace the computer in steo rnode 

b. Press P 

To display the contents of a general-puroose register. 

a. P,ac• th• eomputer in tf'I• steo mode 

ti. Press Fl EG 

c. Using the four ~EG SEl.ECi switcl'les. enter the ao· 
propnate binary code (see t.aoies 3·1 or 3·2) 

3.2.2 Displaying Memory Contents 

To display the contents o1 a memory address: 

a. ?face tne computer 1n steo mode 

b. Press P 

c:. Usinc the OISPl Ct..R and register entry sw1tct1es. enter 
the desared memory address in the program c:oun ter 

d. Press MEM 

e. Press OISPl switch. The contents of the selec1ed 
memory address are now displayed on the register· 
disolay indicators. The program counter rs automat1· 
ally incremented. 

f. Reoeated actuation oi the OISPl switch displays the 
contents ot consecutive memory addresses 

3.5 
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3.2.3 Displaying Overflow Status 

To display th• overllow status: 

a. F'tace tl'tecamputw in st~J mod•1 

t:I. Press STATUS 

c. If r911ster-display bit 8 is e>n. there is overflow. 

3.2.4 Entering Data in Mem1ory 

To enter data in memory: 

1. P1ac1 tne comP\AtW in st•P mod1t 

n. Press F' 

C'. Us.,,1 tl'le OISF't. C1.R and r911ster·entry switcnes. entw 
th• memory address 1n the pro1ram counter. 

d. PressMEM 

''· Us1n1 tl'le OtSP'.. C1.R and resist• entry switc:l'les. entw 
th• data in th• display recistw. 

f. Press ENTER to load tl'I• clata 1n tne pr11Viou~ 
addressed memory location. ,,,. procram counter is 
automatically incremented. 

a. Reoeat steos t and t to enttt data in consecutiw 
memory addresses. 

lc2:.5 Entering Cata in a Reigister 

To enter data or 1nstruct1ons in a f1tt1str. 

a. Oisptay tl'I• contents of tt,e satected rec1stw u 
described in section 3.2.1. 

b. Usinc tl'I• OISPt.AY Cl.fl and register.entry sw•tcnes. 
enter the desired daui or 1nstruct1on in tl'I• setec:tild 
re11stw. 

3.3 PROGRAM EXECUTtON· 

To make a cold start (i.t.. wh.., a new system is bein1 
1n1t1a11zed or tl'I• c:ontents of memo1ry are ~known): 

a. Turn tl'leooweron 

b. Load the bootstrap pro1.ram 

c:. Load the binary loadld~1mp provam 

d. Load the ob1ect pro1ram 

Instructions for steps a and b are prcrv1ded b-1ow. Loadinc 
tne 01nary load/dump and cib1ect procnms is discussed "' 
tl'I• Binary 1..oad1 Oumo Pl'ogram section of t,.,e aoolic:al:ll• 
system l"!andl:look, w1tn manu.at execution of a stored pro· 
gram eJ1plained t>etow in section :J.3.3. · 
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3.3.1 Pow.r C)n 

Turn oi1 comouta poww by placin1 th• POWER switc:l'I to 
ON. Wh.n power is first tum.a on. the followinc conditio1r1s 
aootr. 

a. Steo mode ('.STEP indicator on) 

b. Sense switc:nes not set (SENSE indicators off) 

c. C1isglay reti:stw ctured (rqister display indicators off) 

d. P· switch on (P indicator on) 

e. R'EG SELEC'r switc:l'les off (REG SELECT indicators otf) 

Wl'len C)Owet is romoved and reaoolied without actuation of 
tl'le FJ<)WER sw•'cl'I (by loss and recovery of the ac line 
voltattt), the same conditions aoply. exceot tl'le eomoutw 
will be in tl'le ru1, mode (RUN 1nd1cator on) instead ot tl'le 
st~ m1ode. 

3.3.2 Loading th• Bootstrap Program 

il'le 01,atstrao program permits loadal:ll• programs to be 
loaded into mai,, memory from a peripl°'eral device. It i:l a 
prognam contained in a programmable ,..ad only rnemc1ry 
(PRO Ml locarea in tne c:irocessor. The ooeratcr c:an select 
a l:)ootstrao c:irogram for one of three tyo•s of oenol°'erat 
devicos: Teletype oacet tao• reader, l"!igl'l·sc:i"d oacier 
taoe "9ader. or disc memory. The disc version of the 
bcc>tsrrap loade;r is primarily u.sed tor automat1ca groc;riam 
loadirig in a VORTEX operating system. The pager ta.ce 
v•~ic1ns are primarily used tor tl'te automatic loading ot t,,• 
bina~f load/dumo program wnid'l is reQuired tor certain 
stand•alone programs c:cntaineel on paoer tape. Refer· to 
tne VTO Utility Flrograms Manuat tor a description of 'the 
binarf loadldumo program. l..oading procedures tor 
soecitlc V70 :iottwant (VORTEX. FORTRAN IV. V70 
AssernCler. etc.), are described in c:orresoonding \f70 
sottwant manuals. 

The 1:lesirld oootstrao cirogram is selected oy ioad.,,g 
,,, .. aioprocriare boarsrrao s1htct1on c:oce into register F~O 
(A r•gisrer). The selection codes are: 

a. T •••rto• pacer tape reader 
o. Hi9n•speea oacer tape- reader 
c:. Oise mernary system 

000000 
000001 
000002 

Sefo1re ,,,. t)OOtstrao ciroc;rarn is ioaoed. tne binary toa.dl 
dumi:J tao• (1f pacer taoe •neut is oe1ng usedl snould O• 
1n·sertld into tne gacer tape reader w1tn rne li~t 01nairy 
fram'• ar tne reading station. 

Addresse9 and instruction codes (ac:tat) for tne autontatic 
boocnrao grogirams are listed in tal:lles 3-3 and 3-'o. 

To lo~d the automatic: bootstrac provam: 

al. Wit,, ,,,,, POweR sw1tc:n '" rne ON position. pt;ac:a 
tne c:omcurer1n rnesteg mode(STEP 1ndrc:atorc1n1. 



b. Press FIEG 

c. Using tne tour FIEG SEt..ECT switcl'les. enter tne 
binary code tor register FIO (0000}. 

a. Using t,.,e OISP\,,' CL.A and reg1ster·•1,try sw•tcnes. 
enter tne desired bcotstrao selection code into 
register FIO 

•· Place tne com outer 1n tne run mode Oy cmtss1ng tMe 
STEPtF=IUN sw1tcn (f~UN 1nd1cator bhniung). 

Press 900T (FIUN indicator is new on) Tl'lis loads 
tne bcctstrao i::irogram and 001ec:t grogram into 
main memory 

The following r;:iroc:edure rs for tne user wtlc w1snes to load 
l'l1s own ioootsuao program manually: 

a. With t,.,• l'OWER sw1tcM in tne ON position. glac:e the 
computer 1n step mode (STEP indicator on) 

c.. Us1nt1 tl'le DtSPt. Ct..R and rec1stet' entry :sw1td'les. tntet' 
t,.,e s1art1nc memory address o1 tl'le bootstrao program 
1n th11 oroaram counter ' 

a. P,.ess MEM 

e. using tne OISPt.. Ct.A and register entry iswitcMes. enter 
tn• aioorocmate code ot me ne:11t instruction in tne 
console register 

f. Press ENTER to load 1ns1ructioM code 1n·10 the memory 
aC1dr1es:s SQ«1fied by the orogram countev. The program 
counter is incremented automat1ally. 

&· ~eoeat steos e and f for each of !he rernain1n1 
boot~trao 1nstruct1ons 

Table 3-3. 

Autc>matic Bootstrap Progirams for 
High-Speed and Teletype Readers 

Addreea lnatructfon Code Symoooc c:oa1ng 

000200 , 02637• (, 02601) RE.AO CIB ROA 
000201 00.-011 ASL.S Narr 
000202 Q0.4041 u:u.s 1 
000203 Q0.4446 LI.RI.. 6 
000204 001020 JSZ SEl. 
000205 0002i4 (Memory acldress) 
000206 055000 STA 0,1 
000207 001010 JAZ LHLT+ 1 

OPERATION 

Aclclrft• IMV'uctlon Code lymoollc: Coding 

000200 001000 (Memory address) 
000211 000!1"4 IXA 
000212 000!101 ENTFI INCA , 
000213 1ooe31• c102eo1) S!I. ROON 
00021• 101!37• (101201) SEl. exc ISFR,AeAO 
000215 000200 (Memory address) 
000216 001000 JMP •2 
()()0211 00021' (Memory address) 

"When uSing me Tetetyoe reader. reotac:e tl'lis code with 
me one in parentneses. 

Table 3-4. 
Automatic Bootstrap Program for 

Oise Memory 

"°*"• lmamactlon Cod• 

001130 1004HI 
001131 104016 
0011~ 100216 
001133 00!001 
001"1~. 1031 HS 
00113! 101016 
001136 0011.41 
001137 001000 
001140 00'1135 
001 ,.., 102516 
001142 151167 
001143 100021 
00114" ooii30 
0011•5 100021 
001146 100316 
001147 005102 
001150 103216 
001, !51 103120 
ooi1s2 006010 
0011!53 001i30 
00,,5" , 03121' 
0011S5 100020 
001156 100016 
00"1157 101416 
001160 001157 
ooi 151 102516 
001162 151i67 
001163 001016 
001164 001i30 
001165 001000 
001166 000600 
001167 007760 
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Table 3··5. 
Manual Bootstra1:> Programs 

Hlth·SP"d Tetetype 
Re-. Reader 

Addrn1 C40e Symeolie Codift1 

oonss 102637 102501 REAO ClS ~OR 

oans1 004Q11 004011 ASLS N81T · 1 
007760 004041 004041 l.Rl.S 1 
007761 0()4.446 004446 1..1..Rl 6 

. 007762 001020 001020 JBZ sa 
007763 0011n 001n2 (M..-nary address) 
007764 0!55000 055000 STA 0.1 
007765 001010 001010 J.AZ LHLT • 1 
007766 007000(a} 007000(11 (Memory address) 
007757 00!5144 OOS144 IXR 
007770 005101 00~101 ENTR INCR 1 
007711 100537 10~601 SEL ROON 
007772 101537 101201 SEL EXC IS FR.RE.AO 
007773 007756 0077,6 (Memory address) 
007774 001000 001000 JMP •.2 
007775 001n2 oonn (Memory address) 

3·8 

Th• boatstrao load a' routine •S alw•ys loaded 
into tt'I• l"l•chest M:2dress of th• first 4K memory 
increment. rqardtess of 1"•1lat:11e rn..mory. SLO 
II retoc:ahon and 1daotat1on ta tf'I• specified 

inouc d9Vice are dnc:nbed in trie Binary t.aad/ 
Oumo Program MCUan ot tl'1e aoolical:ll• system 
l"lanctt>ooll. 

{a) Replace ~is code with 007&00 if tl'I• tnt 
•x11Cutiv• of MAINTAIN Ill (document 98 A 9952 
07>1) is ta be loacled and executed. 

3.3.3 Exec:trtinc a Stored Program 

Ta uecute a stored r:irocram manually: 

•~ P,ac:e tl'lecomputer in step 

t1. Press P 

c:. Us1n1 tl'I• OISP'.. Ct..R and re11ster entry sw•tc:na. enter 
th• address of tl'I• first pro1rarn 1nstl'.'1JCtion 1n ti"!• 
pro1ram c:ounter 

c:t. Press I 

tt. Press OISP\. Ct..R to c:lear tl'I• instruc:t1on re11ster 

t. Press START. This loads tl'le 1nstruc:t1on specified by th• 
r:iro1ram counter into ti"!• 1nstruc:t1on re11st• 

I· Press SITART a111n. nus e:1ecutn tl'le 1nstruc:t1on and 
loads tl'le nut r:irovam 1nstruc:t1on into tl'le 1nstruc:t1on 
r911stw 

l"I. ReQeat step I tor ead'I instruction 1n the pro1ran1 

Ta:i Hecute a stored i:irocram automat1cally: r:ierfarm steos a 
traroucn t abo'I•. r:ilac• the c:omputer 1n th• MJn r.l"lode by 
piress1n1 tl'lo RUN1STEP 1w1td'I. and r:iress START. 



SECTION 4 

THEORY OF OPERATION 

4.1 GENERAL 
Thi• section describes tl"le circuit oo-rationo of ttt• proc ... 
tor beard. 110 control gonion of tl"I• ootton board. and 
contrc~net board. F1.1rtt'lermore. me conm:it•1tore word 
format and addressing arw atso dHCtibed. For tl"I• most 
part. tr'le c:ircuit desctiQtions are written to f1mctionat blocic 
diagrams tl"lat accomciany tf'le text. In some c.aa.s, however, 
tl"ltt reader may w1sn to reter to ttte appropriate logic diagram 
in tt'I• System Ma1ntenanc• Manual. L.ogic: diagram "art 
numbers are: 

1. l'foc:asor board, 9190378 

b. Optoon board. 9160401 

~ Con trot-panel board. 91 SQ.408 

For use of rtadinc. some mnemonics art mitten with the 
vair1abl• rt 1n place of tl'I• actual bit numbers. For uampl•. 
Al..U dat;a mnemonics OALOO + throucn 0ALl5 + are 
written OAt.n +(0.1~). Mnemonic con1141fttions and detin1· 
t1ons are provided 1n s.:t1on 6. 

4.2 FUNCTIONAL OESCRtPTtON 

As illustrated 1n fi1ur• 4-l. the major tunc:ti1>nat sections of 
me i:irocn.sor are central control. data loop, memory 
ea1Mtra1. 110 data loop. and 110 cnntral. uc:aQt for tne 110 
c:ontral. which is located an tl'I• option. board. these 
sections are on tl'le processor board. C:Ommunicat1on 

between the i:iroc:nsor and th• control panel is via the liO 
bus. The procnsor bus structure is illustrated 1n ticure 4-2. 
A brief description of tl'le five maier s.ct1ons is provided in 
tne fotlowinc sucs.:tians. 

4.2.1 C•ntraf Control 

·nie central c:ontrol is the heart of the processor. It contains 
tt'lt instNction rq1sttt. c:ontral store. ~ntrol store butter, 
and eontro4 seciuenc1nc tocic:. The follow1n1 functions are 
s*1ormed by U'I• c:entral c:ontral: 

1. Initiates memory operations 

b. Initiates 110 ooerations 

c. CllCOdes instructions 

d. Controls ddta transfers and man101.11at1ons 

•· Tests internal data 1000 conditions 

f. Resoonds to intemJots_ 

The 16-bat insiruct1on re11sttt rectl'lfff instructions fTom an 
instruction buffer wnu:n is then free to accept new 
instructions. This double bufftr1n1 o1 1nstn.1c:t1ons provides 
1 p1gelin1nc tec:nn1que that aHows tl'\t nut 1nstruc:t1on to be 
fetcned durin1 an otherwise unused memory cycle. The 
1:iutout of tt'lt 1nstruc:t1on r911ster can then be routed tel the 
1mthmet1c and 10111: unit (ALU) or turtl'ler decoding rnay oe 
,,.normed. 

110 Ill.A 

Acur• 4-1. ftfocessor Func:1lion~ Bloclit Oiagnm 
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4.2..2 Dau1 Loop 

The data loap provides data transfer. paths. daffa manipula· 
tion 1:ircuits. storaae rec1sters. and counters (ficure 4-2). 
The data loop performs the followinc functions: 

a. Selects both of th& At.U inputs from th• followinc 
sources: 
1. 16 ceneral t:)U'1)0H rec1sters 
2. Operand re11ster 
3. Memory input latd'I. in memory control section 
4. 110 rtCISttr. in 1/0 data loop Sec:tion 
5. St:atus word (Si&Mals displayed by ~:ontrol·panet 
SiATUS switch) 
6. ln!struction re11ster (masked), in central control 
sec:tion 
1. Pfo1ram counter 
a. Control store literal wtlid'I consists of a l 6·b1t mask 
field from the control store butter. 

b. PerlonTts arithmet1cat and loc1cal operations on th• 
At.U inputs. 

c. P11'r'forrns sintt• and double lenlfh, l:11direct1ona1. open 
or dosctd. ll'lthmet1cal or to11cal sh1tts "' accordanc• 
wtth tt'1e contents of the shift counter. 

d. Stores and selects the desll'ed 1est ccndii1ons such as 
ALU ot1tput zero. ovenlow. any. SENSE s~wttd'!es. etc. 

The ALU Pflrlorms arithmetic and locical functions under 
control of the .control store butter. The A~.U output is 
apQlted to U'I• memory control and 110 data loe>p sections. 

4.2..3 Memory Controi 

The memory control performs tasks initiated tty the central 
control. 110 control. or options (on opt101i board). It 
acknowhtdges acceotance of these tasks to tt,e requesting 
section and signals completion. Once a request is accected. 
no further requests are acknowledged (one ucept1on to 
this rule permits ttie central control to ov•rru~e a pr~1ous 
request t:>etore it nas t:>ettn completed) Pr1or1ty memory 
ac::ess (PM.A) requests nave a hither priority than 110 
requests. and 110 reQuests nave a h1gtier pr1cmty than 
c:antral c:on~rot requests. 

The following functions are performed by the memory 
control: 

a. Accec1ts tasks from central control ,.,,d stores the 
following information to complete the task: 
1. f;lead/wr1te 
2. Word/byte 
3. h:idress source 

b 0 Acr:ec1ts tasks from oottons 

e.. Aa:eots tasks from 110 control 

d. Acknowledges receipt of tasks 
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t. Resolves priority of simultaneous requests 

f. Defers requests if l'lither priority d11Yices, such as PMA, 
r-ciuest use of the memory bus. 

I· Provides asynchronous Ol)el'ation and dt1vers1 receivers 
for tne memory bus. 

ho SiC"•ls completion of sd'leduled task. 

Since th• memory control operates asynchronously. the 
central control is frff to perform other non-memory 
operations while the scntdultd taslc is btinc esecuttd. Tne 
memory control's ac1lity to ac:capt tasks from tl'le 110 
control permits direct memory access (OMA) operations to 
eycle stuA without 1ntff"ferinc with non-memory operations 
in tne remainder of the processor. 

4.2.4 1/0 Ca.ta Loop 

Th11 110 data loap (see fi1ure 4·2 for 110 data ciattis) 
contains a multiplesor. 110 rec1ster. and .drivers and 
receivers. Thrff sources of data art apghed to the 110 data 
tooo: data from tl'le 110 bus. data from the Al.U. and data 
from th• memory 110 latcn. The input data is selected by 
tnu 110 multiplexor undtt ecntrol of 110 control sicnals and 
transferred onto tl'le b1d1tect1onat 110 bus. 

In addition to be1n1 applied to the 110 drivers. the outcut 
o1 tl'le 110 rec1ster is applied to tl'le data 1000 and memory 
control sections. 

4.2..5 110 Control 

The 110 control oc:ierafes under control of an independent 
110 control store and per1orms 110 ogerat1ons 1:i1t1aled 
either by the central control or pertptieral device actN1ty 
This permits 110 operations to proceed with m1n1rT'lum 
1mi:iact on other internal cirocessor tunct1ons. The Ii 0 
control p.,-forms the following 1unet1ons: 

a. Procrammed 110 1n1t1ated by theeantrat control. 

t). OMA trap.in1trac-out oc:ierations (uo to :372.900 words 
per second. with semic:onduc:tor memory). 

c:. Hign-sQeed OMA trap.inltrac-out ooerations (up to 
969.600 words per second. witn semiconductor mem· 
ory). 

d. 110 interrupts 

4.3 CENTRAL CONTROL CJRCUITS 

This section deSCribes tne hardware cm:uits of the central 
control. To understand the tunc:t1ons ot tne central control. 
one must also bec:ome familiar w1tn tne m11:rooro9ramm1n9 

4.3 
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operations (firmware). Wsted belOw are sections ot tl'lli• 
manuai eontaining microprogram:ming. intormation: 

a. Control-Store Word Format (section .4.8) 

b. Control-Store Addressing (section ,.9) 

c. Micrcprogramming Exampl'.s (section '· 11) 

Other microprogramming docu"'•nts to be used in c:cin­
junc:tion wtth mis man~ .are: 

a. T'he Microoragramming Gt.~de (98 A 9906 07x) cS .. 
scribes cacac•lihn. t11enniel1u ... and coding ot micro­
programming. 

b. T'he Micra-Wcrd F1owcna11:1 (98A0887) are contained 
in tne System Ma1ntenanc•1 Manual. 

The circuits ot tne c:entrali control are snown in tne black 
diagram ot figure "-J. ?1911 numtoers ot tne c:irocessar to91c 
d1.a9rams are Qf'O't1ded 1n g.arentneses tor eacn circuit 01ock. 

4.3. l Instruction Registet• 

The 16-0it instruction re9ia11er receives instructions 
M1!n •(0-t!) trom me instruction outter (in tl'le memory 
comrol section) wnicn is tnen trM to accept new instruc­
tions. This doucie outtenng of ir1scructtons grovidn a i:i1i:i .. 
tining tecnn1que tnat anows tne next instruction to be 
tetcnecs dUnng an otl"lerwise 1.mused memory cycle. ~.,., 
to section 3 ot Mic:roprogramm1ng ·Guide tor turtner inter· 
maaon on tne 1nscruc:tion gipetine. 

Cata •s docked into tl'I• instruction rq1stw by dock sicnals 
tl"lat result from 121t1n1 tl'te full clock KKC2 + w1tl"I CTECiO • 

aindl CSGO +.. The rqister cloclcs occir wnen..-er tl'le 
c:ontrol·store Qutter T field contains 00 (CTEQO + is nigh) 
and tl"I• G field bit 0 is true (CSGO + is l"li1n). The re11ster 
1enerat11 instNctions C21n(0-15) 1n botn true and i:c1mgl• 
mei,t form. 

4.~!.2 Instruction Field Selector 

Th11 instruction tietd selector consists of ten Si-inout 
rnult1gluors 'llWl"llCh ~n select a field of up to five t:11ts from 
t1'1411 instruction re11ster to form tl'le tow order bits ot tne 

co1nroj store address. This is accomolistied by us1n1 tl"le FS 
field ot tl'I• control store butter CSFSn • (0.3) to soec1ty 
wn1cl"I of 16 possible fields are to be extracted and 11gi:Jhed 
to tl'I• control store address lines CEAOn- {0·8). S1nc1 there 
ar11 not eno1JCl'I bits 1n tl"I• 16 t:ut instruction re11ster to 
orov•d• 16 5·b1t fields. tne rema1n1n1 bits (mullttgtesor 
1nouts) are 11tner crounded to provide a source of to11cal 
on1es to tl"le c:ontrol·store address or connected to >1ar1ous 
processor flaics for conditional branc1"11n1. All outputs from 
tl'I• 1nstn.ict1on field selector are masked by bits in tl'I• MS 
and MT fietds of tne control store butter. thus prov1din1 a 
aenerah:ztd method for 1enerat1n1 addresses. That is. 
addresses rnay b• formed which t1tl'ler depend on the 
ccintents of tl"le 1nstn.iction rq1ster or may be art)1trarily 
sc>ec1f1ed by select1n1 a field i:ios1tion i:ont11n1nc 1011cal 
ones and tnen rnaskint off tne desired 1011cal :uro b1t:a 
u:s1na tl"I• MS and MT fields. 

Sits 0. 1. ·and 2 of tne FS field select one 1nout ot eac:h 
tT1u1t1pleaor. The b•t·3 active low and l"l•I" s11nals ot the FS 
field (CSFSJ- and CSFS3 •)enable tne five A mul1:101uors 
C:FSAn +(0-4) or the five 9 multsoluors CFSSn •(C1.J.). The 
n,ultiolesor truth table is shown in table 4- l. 

Table 4-1. Instruction Multiplexor Truth Table (IC Type SN74151) 
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4.J~l Instruction Deccider 

The instrucuon decoder grc>vidn Qrelimin•ry decoding of 
tne two most-significant 4·C•t fiietds of tn• instruction 
buffer M1 In • (8•1!). Oecoding is accomplisned witl'l 
PRO Ms (programmable re11d onl~· memories) tnat are pro-• 
grammed for optimum p1trfOrl'1'1ance. As illustrated iri 

flgu1re 4-4, tne Pt=IOMs are divided into two sections. A2 
and A3. The A2 PROM decodes M11n • (8·11) and pro­
duc1ts 9-01ts of outgut data CIOA2n • (0-8) plus control 
s19,.,1alL The A3 PROM decodes M11n • (12·1S) and 1:1ro­
ducn 9-oits of outout data CJCA3n • (0-8) plus control 
signalL The two 9-0it data wordS are aoolied to tne1 in· 
struction decOding logic wnere tney are comtuned •111111tn 
tl'le 1eut·sign1ficant '-•bit fields of tne instruction outter. 
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A low CAEN- enables the ROMs. Oecoded ~1alt and jum~· 
andl·mark si1nals {CIOHLT • and CIOJMK ~·) are deriwd 
from ROM ecntrol si1na1s CIOOO +, c:1oxxo. and 
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CIOXX2 +. Tn.ith tables for the A2 and A3 ROMs art snown 
in tables 4-2 and 4·3. 

Tact• 4-2. A2 PROM Truth Table (f1Qr Computers Tabht 4-2A. A2 PROM Truth Table (for Computers 
with Regfster·S•iectab•• Sootatrai, Programs) wHh1aut Regfster·S•fectab•• Bootstrap Programs) 

INPUT SIT s OUTPUTS (ClO ••• ) INPUT ms OUTPUTS !<:IO ••• ) 

11 10 9 
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IT TC 9 a ;:: = ~ ~ ~ :( ~ ~ !< ~ ~ ~ .., "' )( 

t. L. I. L H l. I. I. M I. L L H I. I. L I. H H H I. I. I.. I.. I. I. I. I. H I. 1. I. H I. I. I. I. L L I. 
I. I. I. 

"" "' I. I. I. 
"" 

I. I. L. H I. I. I. b H H H L I. I. H I. I.· L. t. H I. I. I. M I. I. I. t. I. I. I. 
L L M I. H t. I. I. L. I. L I. H I. I. H H M I. I. I. I. H l. I. L.,I. 1. I. L I. I. H L I. H I. l. L I. 
I. L. H M H I. I. I. I. I. I. I. "' I. I. H H H I. I. r.. I. H H l. L L I. I. L I. I. "' I. I. "' I. I. I. I. 
L. H I. I. H L. I. l. I. H t. I. H I. , .. L. H I. L H I. H L I. I. I. I. I. I. 

"" 
L I. H I. H L. I. I. I. L. 

L. H I. H H L. L L L. H L. L H L l'f L H I. L. H I. H L H 1. I. L I. I. H I. L. H I. H L I. L. L. r.. 
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'"' "" 
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Table 4-3. Al ROM Truth Table 

..INPUT SITS OUTPUTS IClO ••• ) 
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4 •. 3.4 Instruction Oecaclin1 l~gic 

The instruction decocticic locic gro::tuces the 9·b•t iddress 
tor th• control store CEAOn-(0.S) by combininc th• tWCJ 
le.ast sicniticant 4-bit fields of th• instruction butter 
Mlln +(Q.7) and the two 9·bit out,1uts trom ~· instructi0t11 
dec:octer CIOA2n +(0·8) and ClO.AJn •(Q.8). This to1ic and 
the instruction decoder are camoletety aeneral purpose.. 
and can be used to optimize any instruction set's 
performance by cl'lan11n1 th• control store contents or by 
us1n1 a writable =ntrol storll. 

Formation ot the decoded control·store address is acc:om­
phshed with open-collector driven1. Section 4.. 9 provides .1 

detailed description of control-store addressinc. The blodl 
d1a1ram in ti1ure 4-5 sriows th• ir1puts and outputs tor th• 
drwer cir°'its. The outputs are tMe control store address 
s11nals. and th• inputs are data trom tl'I• instruction butter 
and instruction decoder plu;s et1at:;lin1 s1ana1s aenerattd by 
tl'le 1nstruct1on decodinc locic. 1ne enabhnc s11nals are 
described as tallows: 

a. CACIOA ... and CAClOS ... enable dec:oded addresses 
to be aophed to tl'le CCJntrol :1tore. and are 1"1111'1 uceot 
when 1nn1t11ttd by an inten'\lpt (COREN..,.. CAEN..,. 
CENO ... are l'liCh). A low ClM.30- inl'l1b1ts address 
decodinc. 

b. ClLC2 • transfers 11'1• CIO.A.2" •(4-8) s11nals to bit 
positions 4 tnroucn S of tin• control store ICldress. 
Cll .. C2 • is controUed by s11.nals 1enerated w4tn1n the 
1nstr"Uct1on decodinc 1011c. 

e. C1LC2X • transfers tn• ClClA2n •(0·3) sicnals to bit 
pos1t1ons 0 tl'lroucn 3 of tl'le control store ICldress. 
CILC2X + is controlled by CIOOO •. 

d. CILCO • transfers 11'1• Mlln •(0-3) s1cnals to bit 
positions 0 tl'lrouel'I 3 of 1:1'1• control store addrt'ss. 
ClLCO • is controlled by CIOS32-·. CIOS20 ..,. • a1nd 
CICS30-. 

•· CILC1... transfers th• Mlln +(4-7) sicnals to bit 
poSJt1ons O tl'lroucn 3 of the controt sto,.. address. 
CILCl • is controlled by CIOSJ2-. CIOS21..,.. and 
CIOS31-. 

4.3.S Address Control 

The address control acph•n two enablinc s1cna1s (CEAFS + 
anc CEA TS • ) to tli• address nlector. 

CEAFS ... is true (n11n> wnen onit of tl'le follow1nc cond1bons 
occur: 

a. The T field contains binary 10 (CSTl ... l'licn 1nd 
CSTC>- low) 1ndicat1n1 a true condition is betnc tested. 
and the true condition is niet (OTCNO • is n11n). 

b. The T field contains 00 (Ci'EQO • is hitl'I) 1ndiatin1°no 
conditional test1n1 is be1n1 performed. tne intem.iot 
address is not enabled (CEAIA- is 1"1111'1), and tl'le 
decoder address is not en.:sbled (CACIOE- is l'111n>. 

c. The T lietd contains bir1ary 11 (CTEQJ... is n1gl'I) 
1nd1catin1 tnat a tatse cond1t1on is being tested. and tne 
false c:ond1hon is met (OTCNO- is h11n). 

'1-8 

CEA "r.S + is true (hict'I) when one of the tollowinc conditions 
occ;ur:: 

a. Condition21l testin1 is betnt performed (CT!QO-· is 
l'liel'I), and field setection is not et1abled "(CEAl•• is 
l'lict'I). 

b. No conditional testinc is b .. nc performed (CT!QO ·+-~ 
l'licti). no recister field seHtl:t1on (CSA8E- is l"ligh), the 
TS tiekt is not enablinc interrupts (CSTOG2- is l"l•il'I), 
no 110 rtQuest CCRQIO- is l"liCl'I), and tl'lere is no c1a1e 
jump (CPAO- is hilh). 

4.3.6 Address Selector 

Undtr control of tl'le address control c1r°'1ts. tl'le address 
setec:tor select:s tl'le nut control store address from 01i1 of 
tl'lt 11ollow1n1 sources: 

a. Instruction fietd selector. 

b. AF field at cantrol store butter. 

c. Altemattt test address (TS field). 

d.. tntem.iots. 

t. RESET switch. 

'l"hu contror store address lines CEAOn- (0·8) trorn the 
.adc2ress seleetor are 101ically ORed w1tl'I address linlr.1 from 

. tl'l•1 1nstruct1on decodin1 1011c: and reset 1011c. The OR 
tut'1ction is accomplished by driving the address lin.s ...,,tl'I 
oo•tn-collect01I' 1nte1rated c1reu1ts. 

Wt'1en an 1nstruc:t1on field selection occun. a l"ltiM CEAFS • 
1n.1bles a 5·b1t fietd from tl'le instruction held s.11ector 
Cf'S.An(0·4) or Cf'SSn(0·4) to be used as tl'lt least 
s11,n1fiant b11ts of the control stare address CEAOn-•(0·4). 
Bit 4. is also enabled by a l"l11n CMTIO • ,.,;,,cii in121cates 
th;st no 110 oceration l"las been reQuested and the mask t:ut 
is true (CSMT + is l"l•il'I). Bits O through 3 are masked by 
tl'lit MS field CSMSn .., (0·3). 

Wlien no 1n!ltruction decodin1 is be1n1 oertormed. a l'l1gti 
CAClOE- enables tl'le ~F field CSAFn •(0·4) to Ot 1.1.sed as 
ttie most s11n1ficant bits ot the control store aiddress 
CE:AOn- ( 4-8). 

Wl'len an altemate test address is selected. a nigh 
Cl~ TS .... enables the TS field CSTSn • (0·3) :o bt 1'.sed as 
ccintrot store address bits l ttirougti 4. 

Wl'len an 1riterruot address is required. a 1"111n CU.IA ... 
er1ables interrupt addresses llAn •(O·J) from tne 110 
seiction to bt used as tl'le least s11n1tic:ant bits of tl"le 
ccintrol stor1t address CU.On- (0·3). 

Press1n1 !l'l•t c:ontrol·panel RESET switch. produce a n1gti 
CAOEQl • wn1cn sets all bits ot tl'le control store address 
tc1 ones (low level). 81ts 0 tl'lrouili '1 are set by tl"le address . 
sitlector, and bits 5 tl'lrougt'I a Qy the reset logic. 
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4.3.7 Control Store 

Tl'lo control store is as 12-~vora by 64-0it l"tign-spffd ROM. 
It contains mo micraprog:ram "'inicn emulatH tl"to com­
puter' s instruction seL Control store ouu:iut bit O tl'lrougn 
31 are aPQlied to me control store butter in me data loop 
section. and cutout bits 32 tnrougn 53 are ac:iplied to tl'te 
control store outter in me c:entral control. Since tl'to contrOt 
stcre outeuts are tristate (or OPCln collector). tftey can be 
disaCtllCI to allow an eaternaj cantrol store to provide tl'lo 
inputs to me contrCll stcre outt.,·. Interface s19na ... tor tne 
ex1ernaj central store are routed tnrougn proceSSOt board 
connectors P2 and P3. 

A low XCSEN ... dis.ables tl'le control store wnen an external 
control store is used (XC:SEN ~·is n11n w•tl't no utemal 
control store). A n1gn CSIEN- disables control store b1t:s 0 
throuah 7 arid allows tl"tes11 bits to b• aciplied to tne conlrot 
store bytfer from tl'le r-cister field sel«tor. 

For a list of tne binary codes contained at eacn addras ot 
tne control store. refer tci document 811..1709-001 in tne 
System Maintenance ManYai. 

4.3.S Suffer Control 

The butter control decodes c1tta1n fietds of tl'I• =ntrot 
store butter. 

Wnen tl"te AB fietd dot11 not contain 00 (CSASO + ~ 
CSASl • is l'l•tn> and there 1~ no 110 transt• reQu«ated 
(CRQIO' • ~s low), a n1an CSA8£ • enables tne rq1ster 
fietd Sel«tor to provide 1nciut data to tne A and S fietds. A 
n11n CSIEN- disables tne ei2ntrol store output bits 0 
tnroucn 7 wnen the rei1st•· field selector is enacted 
(CSABE • is n11rt> or tn11 MR ·1ietd contains 1 (CSMR . ., is 
1·11al'I). CSAKE- is an enabhn1 s1cnat for tl"te A field of tl'I• 
controt store butter. 

CMTIO • is tt'le reoaw.r,ld M'r.fietd bit (CSMT •) wnid'I 
is aoc:ilted to tne address sel•ICtor wnen there is no 110 
request (CRQIO- 1'1111'1). 

4-10 

CMmO- is 1enerated by 1atin1 CSMR + witt'I CRQIC)- to 
ma11k th• mos·t s1cnific:ant bit in tne rec1st_. field sat11e.tor. 

Cl MOEN+ is an enablinc siC"al for tne file control 1n tt'le 
data loop section. 

4.l.9 Register Field Selector 

The r911ster fietd selector, wl'lid'l contains four a.input 
rnunt1pluon. ~emuts tne sel«tion of a 3· or 4-b•t fielc:I from 
b1ts1 O tl'lroucn 10 of the instruction rq1ster C2tn •{0·10) 
anct applies it to the A and B fields of tl'le control store 
butter. This allows the A and a tietds to be loaded directly 
frorn tl'I• instruction re11ster tl'll.&S sav1n1 control store 
adclresses and 1mprov1n1 gertormance for typical 1t'l:struc:· 
tiori sets. 

A t)loc:lc dia1rarn of the rq1ster fietd set111:tor is illustrated 
1n fitur• 4-6. Fietd selection is controlled by tl'lrM l)1ts of · 
tl'lt1 TS field CSTSn •(0·2). CMRIO- maslcs tl'le most 
s11n1fic:ant o"tPYt bit (CSI03 • or CSI07 •) to ;:1ern,1t tne 
selection ot tttner a l· or 4-b1t field. The mu1t1pioor 
ou:touts are transferred throulf" open-collector drwers by 
CBASE •.Taibl• 4-4 is tne trutn table for tl'le muit101uon. 

4.J.10 Control Store Buffer (Sits 32·63) 

The centrat c:cntrol portion of ttle control store l:Jutt•r nolds 
tn11 controt fields of tne last mu:ro1nstru~tion fetcned tram 
tl"t11 control store. lnciut and cutout si1nals for tl"t• .,anous 
firidS are shown in tl"t• blocll diacrarn ot fiaure 4.-7. The 32 
1nl)ut bits are simultaneously loaded into e11nt 4-bit 
r•11sters on tl"t• ne1at1ve trans1t1on of U'I• full cloc:ll 
t<>tC2 •. For a detailed description of tne fields 1n the 
control store• word, retw to section 4.a 

4.3.11 C.:1ntrot Reid Decoder 

TI,. control field decoder (ficure 4-8) decodes the s11na1s 
from tl'le T. S. and IM fields ot tl"t• control store Q1~tter. A 

btocll diacnam of tl"t• control field decoder is illustrated 1n 
fi1ure 4-8. aind trutl"t tables are grov1ded 1n tables ~>-5. 4'·6. 
and 4.7. 
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CST Sn• (0, 1 ,2) -- 1 

~2In• f.3-10) 
8-tNPUT 

C!t07• 
CRS~+ OUTPUT 

... 
_... MULTI-

..... 

Pt.EX ER 
-.. DRIVERS CaI03• --.. 

s~m t T CSA SE•· 

1 

C.2tn+ (2-9) 
8-INPUT 

C!lOo• 

-" MUI.Tl· CRS:2• OUTPUT 
~ 

-- __.. 

-.,. 

Pt..EXER -- ORlVERS ca102• .. 

* f 

• 
CBIOS• 

::2In+ (1-8) 
8-lNPUT 
MULTl· CltS1 • OUTPUT 

.. 

--
..... 

PL.EXER 
... DRIVERS CB!Ol• 

-" -. 

-"*" J 

1 
CBI04• 

In+ (Q;..7) 
8-INPUT 
MULTI- CRSO+ OUTPUT 

.. 
...... .. 

..... 

P\..EXER DRIVERS CBlOO+ ...... ..... 

~ t 

4.11 



. THEORY OF OP!RATION 

Table 4-4. Register Multiplexor Truth Table (IC Type SN74151) 

CBTSn• CMRIO- INPUT 0.A. TA (C::ll~ OUTPUT 
(0-2) OR ORO CltStt• (0-ll 

PINS P1N PINS PfN 
9 10 11 ., 

' l 2 I ,, ,, ll 12 0 -
""' 

H 

I. I. I. I. I. H 

I. I. I. I. "" I. 

I. I. "" I. I. ,.. 

I. I. ,.. 
I. H I. 

I. H I. I. L. ,.. 
I. '"' I. I. 1-1 I. 

I. l"I l"I I. I. l"I 

I. ,., 
"" I. 

""' 
I. 

"" L. I. I. I. l"I 

"" I. I. I. ,., I. 

l"I I. "" I. I. l"I 

i'4 I. ,.. I. 
""' 

L. -H H I. I. I. i"t 

H ,.. I. I. "" I. 
,.. Joi H I. I. 

"" 
"" "" ~ I. ,.. I. 

NOT!: H • l"llGH. I. • I.OW, NO H OR I. • IRR !l.L.EV ANT IN P'~IT 
1·r11.1611' 

Caln+ (32·J..4) -- tM 
CBIMn• (1-3) 

CBin+ (15, .36) -- AB 
CBABn+ (0, l) - --

CBI37• -- C!MR+ - ~ MR ... 
Caln• (38-41) 

G 
C!Gn• (0-3) - -- ... 

C!ln• (4'2, ~) 
_ .. s C!Sn• (0, 1) . • 

CB ln+ ( 4.4., 4S} _. T 
C!Tn• (0, l) 

r • 
CStn+ (40·"9) ..... FS 

C!FSn+ (0-3) 
-- • 

CBISO+ 
--"" 

C!MT• - MT • 
C3ln• (Sl-54) _.. C!MSn• (0-J) 

MS • 
CSin+ (S5-S9) ..... AF 

C SAFn+ (0-4) 
~ • 

CStn+ ( 60-63) ..... TS 
C!TSn+ (0-J) -- • 

Firur• 4.7. Con1rol Store Bulfer (Sits 32-63} 
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CITn (0, 1) T·FlELO J CTEQn (0-3) -- .. OECOOER :• 

S-F!ELO J CBSn (0, 1) CSEQn (0·2) .. DECODER 

OMXXr1 (0,2,3) 
...... 

CBIMn (0-3) IM-F1E1..0 CIMnXX (Q .. 2) - OECOOER ..... - -
ClM30- .... -

Table 4-5. T-Field Oect>der Truth Table 

INPUTS OUTPUTS 

CBT1+ CBTO+ CTEQO+ CTEQ1• CTE02• CTEQ3+ 

L L H L l L 
L H L H l L 
H L L L H L 
H H L L L H 

No·re: L. • LOW .. H • HIGH 
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Table 4-6. S·Fieid Oec1:>der Truth Table 

INPUTS OUTPUTS 

CBST+ CBS<l+ CSEQO+ CSEOH· CSEQ2+ 

L L 
L H 
H L 
H H 

NOTE: I. • I.OW I H =· HICH 
l'Tll·"" 

H L I. 
L H I. 
L I. H 
I. L L 

Table 4-7. IM·Field Oecc,der Truth Table 

n !ITS 3 

x 
x 
x 
x 
I. 
t. 
H 
H 

lM FtELO COOES 
<CBIMn I 0-J) 

2 

x 
x 
x 
x 
L 
H 
t. 
H 

L 
L 
H 
H 
x 
x 
x 
x 

0 

I. 
H 
I. 
H 
x 
x 
x 
I. 

OUTPUT SIGNALS 
(TRUE STATES) 

CIMXXO· 
CIMXXl+ 
CIMXX2+ 
CIMXXJ+ 
CIMOXX+ 
C!MlXX• 
CIM2XX• 
CIM~-

NOTE: I. • LOW I H • HlCH I ANO x lS [RREL.EV ANT 
l'TI 1-1611 A 

4.J.12 Memory, 110, and CJocx Control 

Sirrials apoli~ to t!l'le m•emory control section are: 
CRQM .... ' COVRM .... ' c.;~aAT-. CEC><M ..... and CECXt.lt-

The centnt control ,.equests a memory ooeration by 
aeneratinc a hign CRQM +. c:RQM • is h11n except clur1n1 
one of the tollow1nc cond1t1on:1: 

a. The central control ovemdes tl'I• memory requnt 
(CS£QO- and CIMOXX • are n11ft). . 

b. The IM fitid does not contain 0100 .,,,,;,.., tl'I• S field 
ccrmuns 00 (ClMXXO- CIMlXX-. and CSEQO+ 
are n•th). 

The central control c21n cn~1n1e its memory request by 
gen«at1nc a h1&n COVRM ... (OVllf'rldO s11nal). COVRM ... 

1oes n1cn when th• S fietd does not ecnta1n 00 (CSEQO- is 
l'l•th), and the two most-s11n1tiant bits of tl'I• IM :'ield are 
zero (CIMOXX + is t'l•"1). 

,,, ordw for th• central control to successfully 1r11t1ate a 
n,emory r~est, tl'I• abort signal CASRT- must remain 
h11n. The memory request is aborted (CASRT- 1:1 low) it 
any of th• follow1n1 cond1t1ons oi:cur: 

a. A syn1m res•t condition occun (SRST + is n1gr1). 

b. The S lied contains binary l l (CSSO • and CSSl • 
are t'l1!lf'I) and tne ccnd1t1onal test 1s not met (C!TCN0-
1s h11r1). 

c. The S field contains binary 10 (CSEQ2 ... •S i'11g1,). tl'le T 
field does not Contain 00 (CTC:QO- tS ti1gM), <tnd. tl'le 
conditional test is met (OTCNO + is r11gn). 



C!CKM +, and its comglement C!CXM-. eriable etock 
sacnats which are cen.,ated in the memory control ser:t1on 
and used in the cwntral control. CECKM + is normally l"lith 
but may be inhibited (low) durinc one of the fallowinl 
conditions: 

a. An 110 trans1er is requested CCRQIO + is hie"} but not 
acknowledged (IAKCl- is l"l•Ch). 

b. A wait for a memory acxnowled1ment occur& and no 
rnemory acxnowledcment sicnal 1s rtce1wcl (MONC• is 
t1icn). The wait for a memory acknowledcment occurs 
~when C:SIMO +, CSIM 1 +, CSEQO +, and ClMOXX + 
are hiCf'll. 

c:. A wait for an 110 done i:ondition. il'u~ ocCiJrs when 
CIMXX2 +. CIMOXX +, CSEQO +,and ION<:- art nvah. 

d. A s~tem reset condition occur& (SRSi• is low). 

Signals applied to the 110 c:ontrcl sldion aru: CRQIO +. 
CIOJMK-. artd ClOHt.T +. 

The htlf't CR<~IO ... is an 110 trans1er request sicnat that 1s 
aophed to the 110 control section wnen ttie IM field 
contaons 1110 or ll l l and ttte S field contains 00 
(CSEQO + is n1cl"I). C!OJMK ... is a dllCOded 1umg-and-mark 
s11na1 and C:IOHI. T + is a decoded halt s1cn:1I: they art 
der1v4td by sncnals lrom the 1nstruct1on deccd1r (CIOOO .... 
ClOXXO •,and ClOXX2.;. )o 

CSAMCC + and CSAMOV + (and its complement CSA· 
MO'Jo ... ) are aophed to tne status and tnt 10111: ir'i the data 
rooo s11etaon. A 1'11&" CSAMCC "" ttnables a cloc~ sicrial 
OTKI..- for Ut• Al.U flacs OCNOZ ..... OCNOC ..... OSGN ... ' 
and OEQ.,,. . CSAMOV + ices l'i1cn wnef"lcver an overflow 
cond1t1on is to be samoled by the overflow t1a1. A nigh 
C?MAST.;. is generated to star1 a special mode of the PMA 
ootion. C?.MAST + is rugh #hen th• T fietd contains Oo 
(CT~GO • is high). the S field contains binary 10 
(CSEQ2.,. 1i~ h1gl"I). and bit 0 ot the G field is true (CSGO + 
IS hlijh). 

4.J.13 Reset Logic 

The reset logic contains a flio·flop that synd'lron1zes the 
reset sacnal (SRST-) from the comouter ci:introl panel. 
When the RESET switch is pressed. the fth~·flop outout 
CRs·r- is low and is aophed to the 1nterruc:it logic to 
produce a h1gt1 CAOEQl +. The CAOEQl + sa,trial is routed 
bacx to th• reset logic to set all ccntrol-store adJress bats 
to oria (low I.,..). 

4.J.14 l111temJpt Logic 

The inten'\IQt locic receivltS the foOowi1n1 types o1 
interrupts: 

a. Control panel (NSTP...) 

b. 110 (IRQC-) 
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c. 110 with memory prottetion installed (BINS-) 

d. Option board (OINT-) 

Eactu oi tnt abov• interrupt sitnals are masked with a bit 
from tht TS field CSTSn + (0·3). The occurrance of an 
interrupt sicnai and its associattd mask bit enable tl'le 
interTUpt loeac ta 1ener1te v1rious ~ntrol sicnaJs. 

An interrupt from th• controt c:ianef is initiated when the 
SiU'tRUN switch is c:ilactd in the step pos1t1on. This 
applies a low NSi~ to th• interrupt lo1ic wnert 1t is 
synchronized with the full ctoclc KKC2 + and then aattd 
with bit 3 of the TS field. 

When an 110 intem.iot is initiated. the 110 eontrol section 
applies 1 low IRQC"' ta the intef'rupt lo1ic. Any 110 
intet'TUpt is ace~ted oy the inttff'Uot locic: wnen bit o of 
tl'1e ·rs field is set (CSTSO + is t't1cn). When iS.Field bit l is 
set (CSTSl + is t'ti&h) and bit 0 is reset (CSTSO + is low), 
interruots are ac:•pted only ii tht memory l'f'Otec:tion 
ogtic)n is instailed. SINS- is low when this option is 
installed. 

When an interrupt from ttie option board is 1nit1attd, a low 
OiN'f- is applied to tl"I• interrupt lo11c wl'tere 1t is aated 
weth bit 2 of the TS field. 

The s1cna1s &9f"lerated by the interrupt 1011c art: ClNTS-. 
CE.A.IA->. ClNTF +, CAOEQl •. and CSOIMl + 

CINTS- IS low when the 1nttrl'\JQt flac C!NT~ .... is ,.,,,,,, IM 
field <:0nta1ns 01 b (x is if'f'eitvant l::Ut)o and the S held 
can1a1ns 00. The last two ccndit1ons oc:cur wl'len CSIMl ... , 
C!MlXX +.and CS£QO + art h1an. 

C"''IA- is low when al! the following conditions occur: 

a. An interrupt is accepted. 

b. Tht Sand T fields contain 00 and the G·held cit 2 is set 
(CSTOG2 + IS l'll&h). 

c. An 1ntem.apt flat has not Cettn selected. or 1t nas Cffn 
selected but not set (CINTS- is n1an). 

lnt11tmJc:it flag ClNTF... is set t:>y the 1nterruot service m1cro­
routine. ft indicates that an 110 interrugt nas occurred and 
is in process. CtNTF + is also used at th11 c:cmoletaon ot 
an interrupt lo determine tne status ot the 1nstruct1on p1ge­
ll~t. The intem.ipt tiac; ttio-tloo is set (CINTF + is h19n) 
wften trte S tte4d contains 00 and tne IM field contains 01i1: 
It is reset wnen tne S tletd contains 00 and the IM field 
contains 01i0. The C:lOClc lor tne interrupt ftag flip.llOQ is 
controlled by dec0d1n9 the three most significant bits ot 
tf'Mt IM tieid. and is generated when tne IM field contains 
011x wrtn tne least si9n1ficant bit imtt.-,ant (x). The least 
~niflcant t:lit ot tne IM tteld is apglied to tne data input 
of tne tlip.Ocg. The tllo-ttog is directly reset wl'len the l..S 
field conciuns Ox, me X tietd contains x1. and OSCON­
la higtt. 
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A 1'1•11" CAOEQl + is applied to l·ne address selector and 
raet to1ic to sat tne control store address t:nts to ones (tow 
lll¥et). CAOEQl + aces hit1h wn11n one of the totlow1n1 
conditions occur: 

a. A reset sicnal is recltiMd from th• control panet (CRST­
is low). 

b. A control panet intel'T1Jot is r11etived. bit 3 of TS fietd is 
sat (CSTS3 • is high), .and CE:Al.,,._ is low. 

4.3.15 Supervisor Cor1trol and CJoc:ks 

Th• suoerv1sor control c:o1ntains a mo.noo wh1d'I •S set 
{CESK + IS li•lh> when tl'I• s field! c:onta1ns 00 (CS£QO + is 
n1gn) and tl'I• IM field c:ont:a1ns 101 l CCIM2XX ·~, 
CBIMl +. and CSIMO + are n11J11>. The Hio·flop is reset 
wl'len th• S fietd contains 00 and the IM field contains 
1010 (CIM2XX + and CSIMl + .are n11n. and CSIMO + is 
low). 

The ctocics c:irC1.1it 1enerates two ctoc:lcs (KKC1 + al\d 
KKC2 +) trorn tl'le full clock MCOFC•. 

4.3.16 E.iecution Control 

The ex.cut1on control i:iertc1trns Ute followinc functions: 

a. Oecodes the e1ec:ut1on t'fO• instruction (003XXX). and 
stores th• decoded information dunni the instrucbM 
uecucion. 

b. i:trov1da a =ignal to the .,,.rnory protection· aotion 
1nd1caun1 that an et11C1Jt1on type ins~ruc:tion nas been 
decodlld. • 

c. 1nr11t:11ts 110 and c:antrol-pa111et step 1ntem.aots until the 
c:amc:itetion of instruction uecution. 

ihe CINMPC • mo-noo is set (CINMPC ,., l'lign) at tne 
ccmo1enon of instruction decoding (CAClCE + nign) it tn• 
instnJc:tion decoder autoiuts CJOOO • and CICXX3 +o at• 
Oatn h19n. nus fliO-"OO is reset wnen the instruction t>eing 
decoded is not an execuaon tvP• instruction. 

·nie CXECCM + ttip."oo is set (CXECCM- low) wrien trie 
c:ond1tlon is met for a jurno. 1urno and martc. or ex11eution 
test (CSTl +. CSG3-. and OTCNO + are n1gn). The low 
CXECCM- enaates tl'le CXEINH + rtip-1100 to t:l• set 
(CXElNH- low) wnen trt• neJtt 1nstruct1on is decoded. 
This causes th• CXEC:CM + mo-noo to be cleared 
(CXECCM- n1gn). 

The CXEINH • flio·lloo ·~ reset during me nut 1nstr1.1ct1on 
decod1n1 time (CACI OE+· n1gnJ. 
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4.4 CATA L.OOP CIRCUITS 

The ciraiits of th• data loao are shown in th• blade 
dia1rarn of ticure 4-9. Pa1• nurnbws of th• processor locic 
diacrarn are provided in parentheses for uch cin:uat bloc:k.. 

4 .. 4.1 Control Store Buffer (Bits 0·31) · 

This portion of the control store t>utfer holds the first 31 
bits at the last mic:roinstruc:t1an fetcned from the c:c1ntrol 
store. Bits 0 throucn 30 c:antrol data 1000 aoeratians and 
b•t 31 is us.a in the central control. Input and outout 
s.11nals for Ute various fields are shown 1n th• block 
d•avarn of fiilJr• 4-lO. The 32 1nout l:uts art loadecl into 
tl"le c:antrol store butter on the ne1ative trans1t1an of tl'le full 
clack KKCl +. The A and B fields require enatlhnc s11nals 
Iron, the butfv c:antrol carc:uat 1n the c:entral control section. 
A tc1w CSAKE- enables the A field and a n11n C\9101-
tnaDles tl'le 9 field. For a derailed descnghon of the fields 
1n tll'le corurot store word, refer to section 4.8. 

4.4.2 Register Files A and S 

Th1t re11st• files A and B comorise 16 1eneral i;:iurc:ias• 16· 
bit recisters tnac c:an b• used 1n tht emulation of an 
.1rt:11trary instruction set. as wetl as prov1d1n1 ooera1t1onal 
rq1sten and work1n1 storac• for internal aoerat1ons. Eacn 
Iii•~ consists of four 16·•ord t:ly 4°b1t ranaom.;accass 
memories. Ourinc a rHd oi::ierat1on, tacn Iii• · Ciln b• 
1nC1eoendently addressed. This permits s1multaneo1us ac· 
CHI to tl'le contents of two arbitrary rec1sters thus 
ehrninatinc the need for a time ~nsum1n1 sec:i"ent1al 
ac.c:ns. Ourtrtl a writin1 ai::ierat1an, the files art 1der1t1cally 
ad1aressed sc that duoltcate c:ao1n at th• written data are 
avaalatlle. 

A Olcck dia9r:am ot th• register tiles are illustrated 1r1 figure 
+.11. Botn r1991ster Illes receive th•tr in out data 01~1..lt • 
(0.· 15) trcm th• aritnmetic and 1og1c: unit (Al.U). rtie input 
data are loaded (wnnen) into one ot tne i 6 registers in 
fl1119 A and !3 w1tn a low OWCN-. One register 01.11t at 1 S 
is selected >N1tn 4-0it address codes OFAAn +> (0.·J) and 
013Sn-(0-J) aoolied to. eac:n tile. T'hese address cocses and 
the correeoondinq reqisters are listed in table 4-3. 1.oaded 
d.llta at• available on me autgut lines at tl'I• reg1st11r tiles. 
Al1 an examc:ite, it an address cad• ot 0001 and a low OWCN­
ai·e generatlld. tn• data on tne outouc lines of flln A and 
Bare the contents at tl'I• a re91ster (or r99istar ~, for tne 
eicoandlld instruc:ticn see). 

Oata an ti,• autcut lines of file A OFAn-(0·1.S) are 
transferred (read) ta latcn A w1tl'I a low OENF.Ai- C'ata an 
the outcut lines of file 8 OF9n-(0· 1S) 3ra trar1sterred 
(read) to tatcn 8 w1tl'I a low OENF&- In add1t1on. the 
cc1mc1ements of file A outcut cits 0 and lS (OFAC1 • and 
OFA15 •)are applied to latch A tor use 1n various sh1ft1ng 
operations. 
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CSA KE- ..... OF.AA+ (0-3) - - .. 
A 

CSin+ (0-3) ....... 
OFM- (0-3) .. 

CA8101- .... OFBA+ (0-J) . .. 
B 

CSln• (4-7) OFBAnA+ (0-2) 
- .. 

CSin+ (8· 10) 
SH 

OSHFTn+ (0-2) 

-- .. 
CSin+ (11, 12} . OXn• (0, 1) 

~ x • 
C!I1J·1o OW+ ..... . w • 
C!ll4~ -- v OV+ • 
CSl15• OSCON• - -- SC • 
CBI16+ OWCF+ ---- WR .. 
C!ln+ (17 It 8) c OCRYn• (0, 1) -- • 
can 9.,. _.. OGMO+ .. MO 

CStn+ (20-23) ..... F 
OFU Nn+ (0-J) 

....,.., • 
CBln+ (24-26) OGRCn+ (0-2) ... ,.. R • 
CBtn+ (27 ,28) .. t.A 

OGUn+ (0, 1) 
,.. • 

C!In+ (29, ~0) DGL8n+ (0, l) . LS • 
CSIJl·+- CS IMO• 

·~ IM • 
KKC1·1o _ _J -

t1Tll·l611 

Fi cur• 4-10. Controt Store 81'tf•tr (Bits 0 .. 31) 

4- lS 



OFMn+ (0-3) ..... 

CIENFA• ... REGISTER 
FIL! A 

...... . 

OAL.n• (O• 1 S) 

C)WCN• 

..... --
.... REGISTER 

FlL!B 
"ENF&- .... -
08Sn- (0-3) 

. 

Table 4-8. Register File Address Codes 

AOdre•• 
C4de• 

a Cl 0 
0 0 0 
0 0 
0 Cl 

0 1 0 

0 
1 

0 

0 

0 1 0 1 

0 1 1 0 
0 'I 1 1 
, 0 0 0 

, 0 Q , 

1 0 1 0 
1 0 1 1 

1 0 0 

1 1 0 1 

1 1 Qi 

1 1 

"-ft•Wt 
(aaelC 

lrtecruc:Uon 
S.tl 

A 

a 
x 

Conte,,ts are 
alw•ys all zeros 
1nstruct1on register 
contents 
Conte,,ts are 
a1w;ays all 
zeros ---
---
-
-

UMd tor temoorary 
storaq• 
UMd tor temoor ary 
stora;e. 

....... ., 
(lap.ended 
lnatruc:UOft 

S.t.) 

RO 
R1 
R~ 

R3 

R.& 

R~ 

R6 
R7 

lnstruc:t101, teg1slef 
contents. --
Contents are always 
8'0 zeros. 
Cont•nts are 
.,ways aH ones 

-
UMd for 1emoorary 
stora;e 
Used tor temoorary 
scora911 

TH!ORY or OP!RAT10N 

OF An• (O• 1 S) -..... 
OFAO+, OFAlS+ --

OF Sn• (O• 1 S) -

--

4.4.J File Control 

The file aintrol provides re11ster file 9 with 4·b•t address 
codes 08Sn • (0·3) by 1nvert1nc 8· field signals OF8An ..,. ( O· 
3). Ourint the writing phase (OFl.C + is high) of eac:h 
m1cro1nstruc:t1on. frle·B addresses are switched to the same 
codes as the file·A addresses This ensures that 1dent1c:a1 
data is loaded into the same address of Cloth files "'l'len 
OWCN- aoes low. 

A l'lign 0£KWCF + . aoo1ted to the file control. produces a 
low OWCN- tt'lat enables data to b.a written into files A 
and a. 

Curing the latter portion of the processor cycle. nigh 
OFLC. + and OFlCC + signals are generated to prevent 
1nQut data from being loaded into latctles A and B. 

Ourinc mumollcation and div1s1on ooerations. CSI04 + is 
aintrolled by OOQS- to produce address l 110 or l l l l for 
regoster file 8. Qeoendrng on the s1ate ot tne w. held bit 
(OW+), OOQS- 1s controlled either by the Al.U bit 15 or 
ooerand re-gtster bat 1. 
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4.4.4 Latch A Cantrel . 
L.atd'I A control decodes LA fiefd siunals OGt.An +(0.1) and 
1.nerates enablint sisna11. tor latch A and rec1stw file A. 
The fcllowtn1 sisnals are applied ta latch A: 

a. OGPR + and OGPRA + loat~ the contents of the 
procnm counter OPRn + (0- l~i) into latch A. 

b. OLAGL + and OLAGl.A + lo;itd registar file A data 
OFAn +(0-15) wftid'I are sh1t1ed l1tt one bit position, 
into latd'I A. 

c. OLAGR + and Cl.AGRA + lo.id rlt(lster file A data. 
wh1d'I are sh•tted riant one t:ut 12osition. into l.atd'I A. 

d. OLAGS + and OLAGSA • loac:1 unsM'ted rq1ster file A 
data into latc:ft A. 

A low OENFA- is 1enerated by lalel'I A eontral to transfer 
rq1:ster tile A data to latc:ft A. OENFA- 1oes low when tP,e 
eantents of tl'le pro1ram count• aire ,,ot b .. n1 transferred 
to latc:l'I A (0ENF2 • low), and tl'lt1 c:onditions specified by 
the LA. t.S. and SH fields are ""-' (OGLA t-. OGt.S 1-. 
Ol.AGS • and OSHFTO + are tiic,,). These c:ondttions 
spec1ty the output of latd'I A 1s zero. 

OFl.CC •. from tl'le file eont1•01. 110115 l'lill'I dunn1 tP,e lattw 
gartson of tl'le processor ~c:l1 to 1nh1b1t tl'le dec0d1n1 
func:tson of tl'le latd'I A c:ontrc1l. 

~LAOS•, OU.OS .. • 

21.,,lo.GI..•. 01.,,lo.Cil.A•, OU.GI.I• 
O"- (0-15) 

os...,,. .. • 1a,n 
~--~-----~--------e..~-----11 

4.4.~5 Latch A 

l..atd'I A pr0Ytd11S data selection and buffennc far th• A 
input of the ALU. The sources of latch A input data are tl'le 
procram counter O~n +(0· 15) and recistw file A OF,,,,.. 
(0-15). l..atd'I A butfen the output of the rttistw file A from 
tho ALU input durinc a file A write ooeration. A blocx 
diacr:1m of the tatd'I A drcuits is illustrated in fiaur• 4· 12. 
The tollawinc are tl'le types of data tl'lat can be loaded rnto 
tatcn A atone with c:orrespondin1 enabhnt s11nals from 
latd'I A c:ontrol: 

IL Contents of tl'I• pro1ram c:ounter are loaded into latc:n ~ 
with a htl" OGPR + and OGPRA +. 

b. ·unsn•fted ·~ata from register file A art loaded rnto 1a1td'I 
.ti w1tl'I a n111n Ot.AGS ... and Ot.AGSA • . • 

c:. l~e11ster file A dara shifted left one bit position are 
loaded into latd'I A with a r111n Ot.AGI.. .... Ot.AGl..A, ... , 
.ind OLAGl.S • . 

d. ~•1ister file A data shifted rigP,t one bit pos1t1on are 
loaded into latd'I A ,..,tl'I a ti11n Ot.AGR • and 
Ct.AGRA•. 

OFl.C: ... is a t1min1 sicna1 fl"Om the file control c:irc:u1t. A low 

OFLC' • enables latch A to sample and s•lect the 
aoorc1pnat1 rnput data. Our•nc tl'le tatter portion of ti'!• 
proc:1uor c:yde. OFLC... IQIS n111'1 c:aus1n1 latd'I /., to 

arrs 0-1.s 
m.E<:TOI 
CATES 

OSMI • SHlfTING OSMIN-

4.20 

O,M• <0.,_15l _____ .,.. 1111u1.nP1.£XO• 

ENA.IL! 
S!UO'OR 

~:::~ ---f __ ~~-~-'~_:~-fl'f--~-------O~~SL~IN_• ____ ~-~ --1, m.£cro11 



disre1ard further c:nan1H to its other inputs as oc:urs 
when data are written into the re1ister file. 

OSHIN- 11nd OSLlN + (ficur• 4-12) are ldditiona• inputs 
to the bit 0 and 15 selector 1atn. and are required for 
implementinc snittinc operations. CSHIN- is api:ilied to the 
bit O an•:t 15 •ector sates and is cenerated by a 
multioluor circuit (r'l1er to table 4-9 for the multiplexor 
truth tablo). OSLIN+ is applied only to the bit 1.5 seier:tor 
1at1 and i:1 selected from tither OFA14- or OF Al!-. When 
OSHFi2 ... is nicn. OFAl!- is connected tel the OSLIN ... 
lin•t. Wher1 OSHFi2 + is low, OFAl4- is coainct9d to the 
CSl..JN + line. 

A low OSEN- is used to enable the shittinc muJtlplexor. 
When OSMFi2 + is l'licn. a around sicnal ii' connected to 
the DSEl"+0 line to enable the multiptesor. WI,.,, OSHFT2 + 
is low. OSEN- is ccntrolled by OL.AGR +. 

4.4.6 Latch S Control 

!..Itch B 1:ontrol decodes LS field sicna1s (OGL.SO + and 
OGl.S 1 +) and aeneratn enabhnc sicna1:s for la ten a. 

ntlOAY 0, OP!RATION 

r11cister file a. and B multii:iluor. The follow1n1 si1nals are 
applied to latcn 9. 

L OlSGI + and OlSGIA + load the contents of the 
instruction rttister C21n- (0.15) into latch B. 

b. OGLS 1- ind OlSGM + are produced from bit 1 of th• 
l.S fi .. d (OGl.B 1 + ) and are used to load the l Ei·b•t 
controt store literat into latcn a. The control store 
literat is the mask fietd of the controt store buffer 
(fi .. ds S, SH. X, W, V, SC. WR, C. and M). 

c. CL.SGS + ind 01..SGSA + load data from either the 9 
mult1pluor or the re11ster file a. 

A low OENFS-
1

trans1f!f"S re1ister tilt 9 data ta latch 8. 
C>ENF&n 1oes low when re1ister file 8 is selected as the 
i1,put for latcn 9. and remains Mlll'I wnen otl'ltr latch 6 
i1,Quts air• selec:ted. 01..BMX- and Ol.BMXA- are compl• 
ments ot bit 0 o.f the L.S field and art used to enable the B 
n,ultipluor. 

Table 4-9. Shifting Multiplexor Truth Table 

DO LAO 

L 
L 
L. 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 

+ OSHFTO+ 
DSHFT1+ OSEN-

H 
I. I. L 
L H I. 
L H t. 
H I. I. 
H L L 
H H L 
L t. L 
t. L I. 
L H L 
L H L 
H L L 
H L L 
H H L 
H H L 

GRO OOR1S+ OSM1+ OFAlS+ 
OFA1S.., OPEN OFAOO+ OOROO• 

L 
L 
H 

L 
H 

H 
L 
H 

I. 
H 

L. 
H 

L 
H 

NOTE: H • HIGH, L = LOW, ANO NO H OR L INDICATES IRREl..EV ANT INPUT 

OSHlN-

H 
H 
H 
L 
H 
L 
L. 
H 
L 
H 
l. 
H 
I.. 
H 
L 
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4.4. 7 latch B 

L.atch B i:>ravides data Hlectiou, and butterint tor th• 8 
input ot the ALU. The scurca of latch B input data are: 
rqistw file a. a multiplexor, it1struction rqist•. and 16-
bit control store literal. t..atch II buffers th• output of the 
recist• file B from th• ALU input durin1 a file writinc 
operation. The tollowin1 are trnt types of data that can be 
loaded into latch B alone with eorraQOndinc tnablinc 
s1cnals trom latch B control: 

a. ~ec1ster file S data OF8,,..(0.l!) or 9 mwtiplaor data 
OMX,... (0.1!) are loadlcl into latcn B witrt a h1crt 
Ct.SGS+ and 01..SGSA ... . The data selection is 
determined by latch S C:Oil'ttrol (OENFB- or 01..SMX­
and 01..SMXA- ). 

b. Contents of U'le instru.:tic>n rq1ster C21n-(0-l!) are 
loaded into latch S w1Ut a 1·111n 01..SGt..- and 
OLSGIA +. 

c. The 16·bit control store lit1tral (fields a. SH. x. w. v. SC. 
WR. C. and M) is loaded into latch A w1tt1. a . n1crt 
OLSGM + and OGl.S 1• . 

OFLCC is a t1m1nc s1cnal trom th• file controf etrcuil A low 
OFLCC enables latch 8 ~o san'1ple and seiec:t the approon· 
ate input data. Our1n1 !l'te latter ciort1on of tl'te "roc:essor 
C'/Cle. OFLCC • aoes n1ttt causanc latch 8 to d1sre1ard 
turt"er cl'lancn to its otner 1ni:iuts. 

4.4.8 S~ultiplua,.. 

Wtlen soec1tied by the l.S fieh1 tl't• B rnultioluar provtda 
1nout data to lateft e . .A§ 1llust1rated 1n tl'I• block d1acr11m at 
fi&ur• 4- L3. tl'l• 8 mu1t1Qlesor recttYes ettnt data inputs (a 
tl'lrou1l'I l't), t..S.·field enabl1n1 si1,,als (OLSMX- and 
01..SMXA- ), and a.field data· Selection S•C"als OF9An •(0. 
2) and OF!AnA +(0·2). The a multtplaor ourour data 
OMXn-(0.15) is applied ta latc:n B. 

The ei1nt data inputs and tl'letr sources are listed as 
follows: 

a. Ooerand re11ster OORn •• (0· 15). 

o. Memory input latcl'I Mll.r1 •(0· l!). 

c:. 110 r1111ster IORn •(0· 1!5). 

d. Status Word cons1st1n1 c1f key rq1:ster tuts OC><n • ( 12· 
15). sn1tt·c:ounter bits OSCn •(0...4), suoerv1sar·k'l'f flac 
CESK..,. and arttl'lmet11c flap (OCNOC..,. OSGN •. 
OEQ •. OOVF •. and OCNOZ.., ). 

e. Rit"t byte of ogtlt'and 1•e11stllf' OORn •(0·7) with tl'le 
s1sn bit OOR07A • e11tend9d. The ooerand r1tt1ster 
riant byte remains 1n tli• "'"' byte position of In• a 
rnulhple11or outout. and tl'I• s11n bit is placed 1n ·au bat 
pos1t1ons of tl'le lttft bytcL 

f. Lett Oyte of operand rn11ster OORn • (8· 15) with tl'le 
sign bat OCR lSA • es tended. The oaerand reiister lttt 
byte 1$ Claced 11,, tl'I• rignt byte position ot tl'le a 
muttiole11or output. and tl'le 111n bit DOR 1 SA• is 
placed 1n all bat gos1t1or1s ot t"• lett byte. 

4·22 

s. Fficrtt byte of the operand recist1t OORn +(0.7) without 
the si11, bit utended. The operand rctcister n1htt byte is 
!)laced in the nattt byte posataon of the 8 multiplexor 
output. and a zero (GRO) is placed in all bit pc:>Sitions 
of the left byte (OMXOS- throuch OMX15- art· l'tith). 

h. Ricnt byte of th• operand resister OORn +(0·7) and 
zero data (GRO). The operand re11ster ri1ht byte is 
placed in th• left byte of the a multiplexor output. 
and a zero (GRO) is !)laced 1n all bit position:1 ot the 
ricnt byte (OMXOO- through OMX07• are hitf11). 

o.1ta input selection is accomolished with bits o tn1•ou1n 2 
of the B field. S·field codes and correspondin1 data1 inputs 
they select are listed 1n table 4-10. 

4.4.9 Arithmetic and Logic Unit 

The Al..U performs 1011cal or aritnmetrcal oe1erat11ons on 
data from latcnes A and B. The Al..U outp1.1t data 
OAl..n •(O·L') are dirtetld to the follow1n1 s..:t1on:s of the 
i:>:rocessor: 

a. The data multiplexor 1n tl'le memory control for• writinc 
the AlU data into memory. 

b. The aiddress multloluor 1n the memory ca1,trol tor 
apoly1n1 the ALU data into the address latcl'I. 

c. The 110 mu1t101uor 1n tl'le 110 data loop tor 
proir:ammed and multipluor c:l'lannet 110 oc:1erat1ons 
throuan th• 110 rq1ster. 

d. The procram counter to proYade 1ump 1n!struc:tion 
addrases. 

•· The shift counter tor 1n1tiahz1n1 tl'le shift count. 

t. The operand rec1stw for general data loop operations 
and those requir1n1 dauble len&th shifts. 

I· The rec1ster files A and 8 tor updat1n1 tl'le contents of 
tl'I• rec1sters. 

n. The key rq1sttr for use·w1th memory map oaerat1ons. 

Figure 4-14 is a block diacram of tl'le Al..U. ·rne ALU 
cierforms !011c:al oc:ierations wl'len OMOOE • is li1gh and 
arttl"lmet1al operations when 1t is low. Our1n1 an airitl'lmet1· 
c:al operation. a low carry-in signal (OClNS-) adds a l to 
tl'te ALU outout Internal carry unerat1on and prooaaation 
si1nals. OSCn +(1·4) and OS?n •(l-4), are JPOll 1td to the 
carry gen«atar to determine wnetl"ler internal car1'Y signals 
OCOn •(l·l) are to be generated. F1.1nct1on contr1~1 signals 
(OFUNOS•. OFUNlS+. OFUN2+o, OFUNJ+-) comprise 
16 4-b•t codes tl'lat determine the particular 1og1c:al or 
arithmetic.al ALU opent1on. Table 4-l l lists the 16 1og1cal 
and 16 ar·1tnmet1c:al operations that can be perttlrmed by 

the Al..U. 

Wl"len tl'I• .ALU oute>ut bits are all ones a 1·11g" 0;1LEQ • is 
agphed to the status and test logic. A low OCOU T- is 
acphed to tl'le status and test 1og1c wnen tl'le ALU generates 
a carry. 
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l 
OORn• (0-1S) Cl_. 

M(l.n.., (0-15) b ..... 

IORn• (0-15) c _... 
a 

STATUS WORO• d_... MULTlPt.EXOlt 
~ 

CMXn• (0- 1 S) 
OOR07A•, OORn• (0·7' ........ 

-,. 

00R1SA+, OORn• (S ... 15) f 
-._ 

DORA+ (0-i), GitO g 
-

OORn"" (0 .. 7), GRO 
"' _... 

OlSMX- I 01..!MXA- J 
·sr ATUS woRo CONSISTS OF K:V-R!GtsTER ms (OCKn•, 12 .. 15), SHIFT-COUNTER am (Osc,., ... , 0-4), 

SUPERVtSOR·KEY FLAG (C!SK•L ANO ARIT>-tMETIC Ft.AGS (OCNOC•, OSGN'*', DEQ•, OOVF-, ANO 
DCNOZ ... ). 

'11ur• 4-13. B·Mumptesor Blocx Oiacnm 

Table 4-10. B-Field Codes 

OFSA2• DFBAl+ DFSAO+ SELECTED 
DFSA.2.A• oF:aAIA• DFBAOA+ DATA INPUT"' 

L I. L Cl 

L L H b 

L H L ~ 

I. H H d 

H .L I. e 

H L. H f 

H H l. 9 

H H H 
"' 

NOT!: H =HIGH, L"' LOW 

•QA.TA INPUTS ARE DESIGNATED a THROUGH n .AS IN FIGURE 4- lJ 
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OfUNnS-t(O, I) 
DfUNn-t(2,J) 

OLAnt (0-3) ... 
DLBnt (0-3) ... 
DCINS-

l • 

~ 

t I OAlnt (0-3) 

t .... 

' 
OLAnt (•-7) .... .. 

ALU DlBRT (-t-7) _., 
ens o-J .. 

t t ... .... 
A.. C> C> 
V\ Vl V') 

0 0 0 

... ' 

t I OALn-t (.t-7) r DI.Ant (8-11) 

...... 

.J ~I 
OLAnt (8-111 OLAnt (12-15) 

..... .. .. 
ALU Dliint (8-11) ALU Dl&n• (12-1~ 
ans .t-7 _.. ans 8-11 ... .. 

§I 
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t .. ... t M t "' ... 
~ C> M 0 " IL 
Vl Vl Vl u VI 
0 0 0 0 0 0 

' t ' • 
CARRY GENERATOR 

t I OALn-t (12-15) 

- OALEQ-t _.. 
"P' 

~l 

ALU OCOUT- ...... 
ans 12-1s ... 
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l L 

L 1. 

I, 1. 

l L 

l H 

L H 

L H 

L. H 

H L 

H I.. 

H L 

H L 

H H 

H H 

H H 

H H 

NOTES: 

Y"fll-lillt 
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Table 4-l le ALU Operations 

+ ... LOGICAL ARITHMETICAL C:)PERATtONS OMOOE+ I.OW 
"' "' z ~ OPERATIONS 
::> ::l OMO OE+ 

OClNS- HtG.H OCINS- LOW ~ ~ HIGH 

L L F • l' F •A F •A PLUS 1 

L H F • AVs F • AV8 F • (AV8) PLUS 1 

H L F•MB F • AVB F • (AVB) PLUS 1 

H H F•O F •MINUS 1 (2's COMPLEMENT) F •ZERO 

L L. F •Ma F •A PLUS A F • A Pt.US MB PLUS 1 

L H F • B F • {AVB) PLUS A F • (AVB) PLUS AAS PLUS 1 

H L. F• A¥9 F •A MINUS B MINUS t F •A MINUS B 

H H F•MS F •MB MINUS l F•Mi 

L. L F • AVB F •A PLUS A F •·A Pt.US MB PLUS 1 

L H F•M F •A PL.US B F • A Pt.US B PLUS 1 

H L. F • B F • (AVS) Pt.US A F • (AVB) PLUS MB PLUS 1 

H H F•MB F •MB MINUS 1 F•MS 

L L F • 1 F •A PLUS A F • A PLUS A PLUS 1 • 

L H F. AVB F • (AV!) PLUS A F • (AVB) PLUS A PLUS 1 

H L F = AVS F a (AVS) PLUS A F • (AVS) PLUS A PLUS 1 

H H F•A F =A MlNUS 1 F•A 

1. IN THE A80Ve TABLE, F REPRESENTS THE ALU OUT?UT (OALOO+THROUGH DALTS•), ANO 
A ANO B REPRESENT THE ALU INPUTS (OLAOO+ THROUGH DLA JS+, ANO DI.BOO+ THROUGH 
OL81S+) • 

2 .. THE SYMBOL V OESIC7NA TES THE INCl.USIVE <bR OPERATlON. 

3. THE SYMBOL¥ DESIGNATES THE EXCl.USIVE ~R OPERAT10N. 

4'. THE SYMBOL I\ DESICiNATES THE ANO OPERAT10N. 

S. H •HIGH, L =I.OW 
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4.4.10 ALU Control 
Th• ALU c:ontrot contains two multii:;iloor cin:uits which 
pro11ide the ALU control si1r1als. One multiple:aot is 
controlled by OGLS 1 + , tne othtlf' by OSPF +. OGlS 1 + is 
hilh when the LS fiefd contains loinary 10 or 11. indatinc 
sicnats from the control· store butter are used for· maskinc 
instuc:I of c:ontromnc. A hich OSPF + indiates 1 social 
Al.U function used tor the recistw transt• and modific.a. 
tion instructions that l'l1111e coda bec1nnin1 'tlrith ~ 
OSPF + caes hiCh when the SH tiefd contains binary 100 
throucn 111. and the l.A and 1..a fields contain 00 or 01. 
The Al.U control sicnats c:onsist of th• Al.U mode control 
OMO OE+, Al..U carry·in OCINS-. and Al.U function 
controls OFUNOS + and OFUNS.L +. 

OMOOE • is controlled by the M·field bit (OGMO •) in the 
non-maslced condition (OGLSl • tow). and by bit l of the F 
field (OFUNl •) in the maslced condition (OGl.Sl • l'l•tn). 
OCINS- is controlled by instrud1on rqist., bits 6 and 7 
(C21060 • and C21070 +) tor the special ALU function 
(OSPF • l'li8"). Ourint tt•111 nom1al Al.U function (OSPF • 
low) 1n the non-maslced conditioi~. OCJN$- (cany ingut) is 
controlled by the C field as folla-'I: 

a. When U'I• C fiefd contains 00 (OCRYO + ~d OOtYl • 
low), OCINS- ao• l'li&" indicatinc i:n.,.. is no c:any 
input. 

b. When th• C ti.id i:tsntain!& 01 (OO?YO • "'''" anct 
OCRYl low), OCINS-• acei, low if OCNOC ... (stored 
carry) is h•li1 and hitJl'I it OC:NOC + is lcw. This makes 
the any 1n equal to th• stored carry. 

c:. When th• C fiefd c:ont:ains binary 10.(0CRYO • tow a11d 
OCRYl • ,,,&"). OClNS- 1<1e1 low if OCNOC • is low 

and hiah if OCNOC + is ru;n. This makes th• c:any in 
equal to th• complement ot th• stored c:any. 

,a_ Wh., th• C fieki contains a binary 11 (OCRYO + and 
OCRYl + hith). OCINS- coes low indicatinc .1 carry 
input. 

OFUNOS + and OFUN lS + are controlled by instn.iction· 
rq1st• bit 1 (C21070- and C21070 +) fer the sp11C1i1I Al.U 
furictions. and by F-tiefd bits O and 1 tor th• normal Al.U 
fu111ction. 

tn addition to the Al.U control si1n3ls. OEKWCF •. 
OEKSS •. and OOVSMS • are also 1enerated by the ALU 
i:oritrol. In the non-masked condition. OEKwcr~... is 
i:or1trolled by the WR-field bit (OWCF +) and OEKSEI + by 
tht1 V-tield bit (CV•). OEKWCF + is sent to the file <::ontrol 
far wr1trn1 doata into tiles A and 9. and OEKSS ... to the 
shift c:ontrot to enable the semnc of the d11i1d1n1-s11n flip· 
flo13 (OSS • ). OOVSMS ... is an enabhnc s11nal tor !1ett1n1 
tl'lt1 averttow fftg.flop 1n tne status and test 1011c. TI-us si1na1 
is c:ontrolled by 1nstruc:tion-reg1ster bit 6 (C21060 .., ) 11or the 
so1ic1al ALU function, and by CSAMOV ... for the r1ormal 
Al.IJ function. 

4.4.11 Register Control 
A dlfCOdW cin:uit 1n the r91ister control decodes th•t thr• 
R-~ield bits OGRCn ..,(Q.2) to produce seven control s1anals 
th:at control various aoerat1ons for t,,• shift cc1unter, 
1:1r1,1ram counter. operand re11stW'. and key recister. iabl• 
4-12 is a trt,1th table snowinc the states at tl'I• seven •:ontrol 

. s111"als tor each R-field code. ~ntrol s1anals C1RCJ-. 
ORCAo-. and ORC7- are l.lSed in the re11ster control to 
pr1:xfuc:1 OJFIC7- and OR47 •. When the R field cc:1nta1ns 
011 or 111. a low 03RC7- loads the operand rcttister. 

Table 4-12. Register-Control [)ec:oder Truth Table 

R·FIEJ.O INPUT SITS oecooeo OUTPUTS 

Q 
z .. ... .. I I I I .. I I 

a N 8 C'1e 0 .. "' ~ 
"""' u u u ~J u u u u .. .. .. - QI QI; - CIC Q& QI; .. g ~ ~ Q c::i. Q Q Q Q Q 

~ Q Q 

I. I. I. I. H , .. H H I.. H H 

I. I. I. H I. , .. H H I. H H 

I. I. H I.. H l. H H I. H H 

I. I. H H H , .. I. H I. H H 

I. H I. I. H Ii H I. I. H H 

I. H I. H H Ii H H H H H 

I. H H I. H Ii H H l. I. H 

I. H H H H Ii H H L H I. 

NOTE: L ~ I.OW I H •. l·HOH 

l'Tll·"» 
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When the R field contains 100 or 111. a nicn OR47 + 
1ncr•ments the procram counter at half-clock time. The R 
field specifies the followin1 operations: 

a. R·fietd containinc 000 causes no operat101n. 

b. R·fiefcj containinc 001 loads the procram counttr. 

e. R·fietd conta1n1nc 010 loads th• shift couHttr. 

d. R·fietd conta1ninC 011 loads the OPlf'•nd recister. 

t. R·fiefd containinc 100 increments the shift counter. 

f. R·fiefd c:ontaininc 101 loads the key r911ster. 

i· R·held conta1n1nc 110 increments the procram 
counter. 

n. R-field contain1n1 111 toads the ~•ran,d rq1ster and 
increments th• procr:am counter. 

A byt•acldress flip.flop (OBAO +) stores fil•A bit 0 
(OFAOO-) at l'laif-ctoclc time (MCOHC +) to i:irewnt tosanc 
the bat dunnc st11tt1nc operations (0G1.Al + l'UCl'I). 

Tht1 c:irocessor clock KKC2 + is N!pOW<tfed ta provide c:toc:lcs 
for the operand rec1ster and snttt counter. These clocks are 
OKOR- and OKSCR- Cloc:lc MCOFC- is also rt00w«ed to 
produc:e the data loop etoc:lc OMFC + The d11ta·loop cioclc is 
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alao used to ceneratt the procram-counter cloc:!it OKPR-. 
The provam-counter c:toclc c:an occur at t1tl'l•r full·~loc!it 
time (MCOFC ... ) to load th• procram =unter or at half· 
dock time to incrtment the provam counter. 

4.4.12 Shift Control 

The snift controt contains two multioluors that setect the 
data to b• stuttect into the end bits of the ooerand rqister 
durinc sh1tt1n1 ooerations. Sotn rnultiptesors are ccintrolled 
by the X field. The shift·lett multiplexor selects data 
(OSl.00 +) for bit 0 of the opetand re11ster from bit 15 of 
tt1e ALU. file A, or operand recister. The sl'lift·ricnt 
mult1gluor sejet:ts data (OSRl.5 +) for bit 1.5 of th• 
01:1etand recister from bits 0 or 15 of the operand register, 
bit 0 of file A. or the divide sacn bit (stored filt·A bit lS. 
CSB.,. ). Tables 4-13 and 4°14 art truth tables for tl'le sh1f't· 
lfift and sh1ft·ricnt multiolesors. 

4.4.13 Operand Control 

1'he operand control selects the ooetat1n1 mode ot tnt 
ooerand re11ster based on the SC and W fields. The four 
cioeratinc modes ccins1st of: l'lold (no activity), shift lett. 
s;t\ltt ncht. and load in Al.U data. Table 4· l S lists the 
c1Qef'at1n1 modes raultsnc from the various states of outout 
sucnals OOSO + and 0051 +. 

Table 4el~t, Shift0 Left Multiplex.ors Truth Table 

CONTROL INPUT OATA OUTPUT 

... Q ... Q I z • ... .. .,.,. 
11"1 ~ =i 8 - 0 -x x CIC < ,.,j 0 

0 
_,j 

Q Q I.I. < IX ~ 
Q Q Q ~ Q 

1--

L l. l. x x x L. 

L l. H x x x H 

L H x L. x x L 

L H x H x x H 

H L x x L x L 

H l x x H x H 

H H x x x L. L 

NOTE:: L = LOW, H = HIGH, ANO X .. IRREl.EVANT 
YT11·16lJ/ 
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TablEt 4-14. Shift-Right MultiplE~xors Truth Table 

-
CONTROL INPUT 0.A~TA OUTPUT 

... 
... ... 0 ... ... .! .§ ~ 

11'1 
Q - ... ~ x x CIC 

0 0 g 0 G CIC 

~ "' I.I\ 
0 0 0 

L. I. L x x x L 

I. L H x x x H 

t. H x L x x t. 

L. H x H x x H 

H t. x x t. x L 

H t. x x H x H . 
H H x x x L. L 

H H x -x x H H 

NOTE: t. • LOW I H • HIOH I ANO x • IRRELEVANT 

Table 4-15. Operand Register Modes 

INPUTS OUT' PUTS MOOE 

O:JRO- OW• OCjLSI- OS CON+ OOSO• OOSl• 

H x x x 
H x x I. I. I. HOl.O 

H I. H H t. SHIFT LEFT 

H H H H L SHlFT RIGHT 

L x x x H H LOAD IN ALU OAT A 

NOTE: L "' LOW, H = HIGH, ANO X = !RRELEV.~NT 
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4.4.14 Operand Register 

The 16·hit operand register nas load and snift capabilities 
tc> enable double ltncth shrtts in conjunction with snittin1 
modes cit latch A. The rq1ster can be lc2adtd with data 
from the ALU. and its output CORn "4•(0-15) can be 
Hlectld by the B mult1plaor as an ALU input. The four 
01Perat1n1 modes of the operand r11ister are &iven in the 
pirectdrnt section. 

The operand register consists of four 4-cit snitt registers. 
L.aading and snitting operations occur on the oositive-gcing 
transitio11 of elock OKOR- (unless OOSO + and COS 1 + 
all'e ootn low). 

4.4.15 Key Register 

The 4.bot key register 1s loaded from the four mast 
s11n1tic:ant brts ot the Al.U output under c:ontrol of the R 
futld (ORC&- ). The register is used with a memory mao to 
desi1nat11 which one of 16 memory protection partitions is 
ac:t1ve for processor·1n1t1atld memory•ooer1~1ons. 

In add1t1an to th• lo11al hict'I and low states, the key· 
r111s11tf 1n&tout OC><n <10 (12· l 5) l'l;is an 09en~1ret.11t state.­
nus auo·ws th• outout lines to be directly cannecttd to 
outputs of the 110 key ritttster 1n the 1nemory c:ontrol 
section. The key r•c1ster output is in th• 01>.n<1rcuit state 
w•,en an 110 requat occurs (IRQM + n1cn) or wnen tne 
suoerv1sor c:ontrol flip.flop is set (CESK + nrcn). The key 
register 1·s loaded at tull-<:lock tame' with the pos1t1w-101n1 
trans1t1or1 o1 clock OKSCR- . 

4.4.16 Program Counter 

The l6·brt pro1ram c:ounter performs loadi1.,g and c:ount1n1 
h.1nct1ons to permit addren aeneration of tne ne!lt 
1nstruc:t1on to be fetched. Contents c1f the c:ounter 
OP~n + (0· 15) can be selected as an addre-ss source by !he 
address multiplexor for memory control 01• by latct"I A for 
the Al.U input. 

The counter ca,, be loaded from the ALU o.r incre-merited 
under c:ontrot ot the R fletd (ORCl• and OR47 ... ). When 
O~Cl- 1:s low. the pos1t1ve·go1ng trans1t1on of clock OKP~ 
loads 1n ALU data at full clock tsme. When OR47 ... is 1i1eh. 
the pos1tlv•go1ng trans1t1on ot clock OKF'~ 1nr:re-ments 
the coumer contents at lial1·clock time. 

4.4.17 Shitt Counter 

n1e shift counter. under control of the R fi9'd. pertorms 
load1n1 aind counting functions used for sl,iftin1. mumoh· 
cation, ~ind division. When the desired stntt count is 
reacl"ied. a high carry signal OCTZ + is applied to the 
st:atus and test logic. The fi~ output bits C:lSCn + (Q..4) are 
applied ti> the 8 mulhplesor as part o1 the status word. 

W~en ORC2- is low. AlU data DAl.n + (0· 7) consisting of 
the two's complement ot the required sn1tt count 1s loaded 
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into the snift counter on the posit1v•101n1 transition of 
clock OKSCR-. At full-clock time wnenevtr ORCS + is hi1h. 
the counter is inc:rtmented by one until a carry is 
1eneratect from th• ••cnth most s11n1fic:ant bat. nus causes 
'tne counter to be reset and th• carry sicnal OCTZ + to ao 

"n11n. The c:ounter is also reset wnen KCINMP + aoes low. 

4.4.18 Status and Test Logic 

The status and test lo1ic: stores t,,. results of ctrtain 
operations under control of the c:ontrol store buffer Five 
status s1anals for the B multioluor and one tor latch A art 
1eneratect by the status and test 1011c:: 

1. The multiotic:ation siCt'I flac OSMI • ~n be agghed to 
latch A. Ourin1 mult1pl1c:at1on. DSM l ... ao•s h1&h wnen 
tne proc:tuc:t is ne1at1ve. 

b. OCNOZ • 1oes hilh wntn the ALU outout is zero. Thrs 
=ndition is sam;:iled by OTKL-. 

c. OCNOC • coes ni1n when th• ALU aenerates a carry. 
This condition is sampled by OTKI.- . 

d. OSGN + coa ,,,,,., when tne Al.U output is n11at1ve. 
This condition is sampled by OTKL- . 

e. OEQ • ioes n11n when the Al.U output bits are au ones. 
This condition is samoltd by OTKL-

f. OOVF ... coes h11h when th• O\lerllow flio· flog IS s•t. 

The status and test 1oc1c also aoplies a test-result signal 
OTCNO + to the c:entral control to determine the eontrol 
store addreu during tne proc:ass1n1 of cond1t1onal 1nstruc· 
tions. OTCNO + aoes 1i11h wrien the selected test cond1t1on 
is met and low wnen 1t is not met When selected Qy the 
G·fleld signals CSGn + (0·3). the following can be tested: 

a. Overllow. Wlien this c:ondit1on occurs. tt'le overflow ftip. 
flop is set (OOVF • 1i11n>. 

b. 110 sense response. When tti1s cond1t1on oc:curs. a n1g1i 
ISRC .... is ~oohed to the status and test 1og11:. 

c:. Sense sw1tet1es l. 2. and 3. When these sw1tct1es are 
set. low NSS~ ( 1 ·3) signals cause the c:orresoond1ng 
CSSSn .... ( l ·3) signals to 50 1i1gM 1n tMe status and 
tat logic. 

d. Jump. Jump.and Mark. and E.iecut1on tests. When a 
condition is met for one of these 1nstruct1ons. a h1g,, 
OFTT + is 1enerated 1n the status and test logu:. 

e. Eciual AlU inputs. When the data inputs to the ALU are 
equal. a rugn OAL.EQ + causes DEQ • to ao h1gn 1n the 
status and test logic. 

f. Sign ot Al.U output. A hiih OALlSA + produces a high 
OSGN + in the status and test logic 1nd1cat1ng a 
negative sign. A low 0ALl5A + i:iroduces a low 
OSGN • ind1cat1ng a pos1t1ve sign. 
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ll· Al.U carry. When the Al.U lt!f'lerates a carry, a low 
OCOUT- produces a low OCNOC- 1n the status and 
test lo1ic. 

!It. Al.U output is zero. When the c1utput of the Al.U equals 
zero. a low OZTS- and a hieh IX:NOZ + are 1enerated 
in the status and test lo:&ic. · 

i. OSB ttac. When bit 15 of rq1s·ter file A is a one. a l'lil*' 
OSB • IS sent to the status an4~ test to1ic:. A low osa + 
1nchcates t:ut 15 of re11ster file A is a zero. 

j. Sign of memory input laitcn. A nicn Mll.15 • indicates 
the data from the memory in1:1ut latd'I nas a necati" 
s11n. A low MIL.15 • indicates a positive s11n. 

k. Sh1tt-counter ovet'ftow. When this condition °oc:cun. a 
r111n OCTZ + as apglied to the status and test 1011c 
1nd1c:at1n1 the sn1tt c:ou1Htr rs reset to zwo. 

I. Outout s11n of A re11ster (ier1eral·purcoM re11ster 0). 
The status and test to11c: 1ener·ates a l'l11n OASGN + fOf 

a ne1at1v• s11n and a low !JASGN • tor a positive 
Sii"· 

m. Normalized stutt compl•ted. When a normalized shift is 
complete. tr'!• status and tfl1t 1011c 1enerates a l'l11h 
ONZT ~. This oc:cun wnen the Al.U output bits lA 
and 15 nave ocoos1te states. 

4.S MEMORY CONTROL CIRCUITS 

The circuits of the memory control are snown in the blcxx 
diacn1m of fisur•4-15. ?ac• numben of the processor lc11ic 
diacr3lm are l)t'cwided in parenthesis for uch circuit block. 

4.!U Address Multiplexor 

Tho 4-input 16·bit address multicluor selects a memory 
address from on• of tt'le tollow1n1 sources: 

ti .. l\L.U. OAt.n +(0·15) 

c:. ?roll'am counter. OPRn • (0· 15) 

cl. Input latcn. Mll.n +(Q.15) 

Addrnss selection is controlled by MASl.O • and MASLl • 
from control 101ic 1. The address multiplexor apphes rne 
setectld addres:s MAMn ~(0·15) to the address latch. Table 
4·16 is a trutt'I table tor the address mu1t1pluor. 

:rable 4-16. Address Mul'ti~1lexor Truth Table 

CONTROL lNPUT DATA OUTPUT 

~ ~ ~ ~ 
~ 

+ + - - I 

Q I I I I e. 
-' -' 9. e. e. e. ·+ .,, Vt 

< ~ 
+ ... + + c: 
c: c: 

c:Z c: ~ ~ I: IX -' -' 
Q < Q., 

~ I' Q Q ~ 

I. I. L x x x L 

I. I. H x x x H 

L H x L x x L 

L H x H x x H 

H I. x x I. x I. 

H L x x H x H 

H H x x x l. L 

H H x x x H H 

NOTE: I. .a I.OW I H .a HlGl-1, ANO x .a !RRELEV A.NT 

ll'Tll 0 16l4 
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4.S.2 Address Latch 

The 16·bit address latch stores the selected memory 
address durin1 the memory c:yda. A low sample clock 
MRQSCA- from the priority 10111: loads the selected 
address into the latch wnere it is i11w4tf'ted and applied to 
the address drivers. 

4.5.3 Address Drivers 

The open-collector address c2rivers interlace the address 
latc:h to tl'le memory addres=1 bus. A 1"1111"1 mablinc s1ana1 
MASE• trom the control seciuenc:er &ates th• latc:h output 
MLLn-(0·15) throu1h the driven -..1nere it is inverted and 
aciclied to the address bus as MYil\n •(Q.14) (address bit 
t S is not used on tne addreu Ous u111ess a writable c:ontrot 
store is present). 

4.5.4 AddAss Compar:aitor 

The address comparator prirwents erroneous operatiort in 
tl'le event a store type 1nttr\lct1on is bt1tn1 c:urrentty 
proc:essed and its effective addr·ess contains th• nest 
1nstruct1on to be tetcned (tll'le c:irccessor tetches the nut 
1nstruc:t1on before th• Cl.lmtnt in:struction is completed). 
Adoresses tram the c:irocra1n cou.nter ·oPRn • (0· l.5) and 
me address dr1v.n MYAn •(0· l~) are c:ornpared by tl'le 
comparator. When the addruses are tQual. a l'lilh MF>t.E • 
s11nal is sent to control 1a11c l sa that the instruc:t1on 
already. tetcnlld 1nta the 1nstructioi1 butter can be updated 
dur1n1 tne store 1nstMJCtion'!I ex.c1.1taon. 

4.5.5 Cata Multlpluor 

1'he 16·b•t data multipluor ~ietects memory write data from 
either tl'I• Al.U or liO mult1pluor for OMA operation. Cata 
selection is c:ontrolled by 110 request s11nal MIRS • from 
the priority 1011c. A 1'11111 MIF!S • selects 110 datil 
IOMn •(0.15); a low MIRS ... sel•cts Al.U data OAl.n •(Q. 

l.5). 

4.5.6 Cata Drivers 

·rn,. open·collector data drivers interface the data multi, 
pluor to the b1direct1onal mernory data bus. A l'li&n 
11nabtin1 s11na1 MOSE• trom c:ontrol 1011c l &ates the data 
1"nult1pluor output MOMn •(0· LS) tl'lroucn the driven 
. ..,nere it is inverted and applied tc1 the memory data bus as 
MYOn -(0· lS). 

4.5.7 110 Latch 

Data from the memory data bus is loaded into ttl• l6·b1t 
110 latc:n w1tl'I a low MMIOI.- lro11"I c:ontrol 1011c l. The 110 
latc:M inverts the data and applies it to the 110 mulhQluor 
1n tl'le 110 data loop section. 
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4.S.8 Input Latch 

Cata from the memory data bus is loaded into the lS·l:iit 
input latcn with a low MMlt.- from =ntrol lop: 1. The 
input latc.n inverts the data and applies it ta the addre~ 
multiplexor and the B multipluor in th• data loop sectiori1. 

4.5.9 lnstruct:ion Buffer 

Cata from the memory data bus is loaded into the 16·b1t 
1nstruc:t1on butter with a low ~Mll- from c:ontrol l 1011ic. 
The 1nstruct1on butter inverts the data and applies it to t:he 
c:tntral control section as Mlln •(O·lS). This data is 
agphed to the in!Struc:tion decoder and instruc:t1on deccd1n1 
1011c tor c:iretiminary decod1n1, and to the instruc:hon 
re11stnr tor detailed decod1nc. 

4.5.10 Writinc Drivers 

Thit . ..,r1t1n1 dr1vers apply left. and richt·byte eontrols 
MWt. ·r • and MWRY • to the memory. When a full ... ord is 
writt1n into memory, MIMCl • is 1'1111'1 and MIMCO • is low 
rnultin1 1n l'l11n MWt.Y • and MWRY ... s11nals. Wl'len a 
byte is written into memory. MIMCO • is 1"111h and tl'I• 
stored·byte addll'as OS.AO • determines wrucl'I byte control 
is 1'1111'1. A h•ll'I MC~S • enables tl'I• byte controls wnen the 
proc:essor nas priority, and a l'l1cn MIRS • enables ttlem 
wnen the 110 ~ntrol_l''las priority. IWLMC- and IWRMC­
prov1c~• left· and r11ht·byt1 1ntormat1on trom the 110 
control. A l'l11ft MIOW indicates 110 data is written into 
mom1ory. 

Wher1 the procllSSOr tias pr1or1ty and the S field tQuals 0 
(MCRP • and CSEQO • are t-11ch). MCOTC- goes lo'lll• on 
tl'I• ~1as1tiv•coin1 transition of clocx MRQSC- indic:at1n1 
tn:ar .a soec1ai data transfer trom the ALU to the 1nstruc:t1on 
butter is tak1n1 c:it.acL 

4.S.11 Key Logic 

The key locic provides key bus data MYKn •(16·19) tor 
memory mapg1n1, and repowered clock and reset s1grials. 
The 'icey bus data comes trom tither an 110 icey rec1st1tr 1n 
th• l(ey locic 1)1' trom the key rea•ster in the data looo. 
When CIMXXO• and CIM2SO- are low Al.U data b1t:s 12 
throucn lS are loaded into the 110 key rec1ster on the 
pos1tw•1oin1 1rans1t1on ot clock OKSCR-. The key resister 
outcut is enabled with an 110 request (IRQM- low). Key· 
bus •:lata (110 or processor) are gated onto trie key bus w1tri 
a h1t{l'I MASE +· . 

4.5.12 Cloc.k Generator 

The c:lock generator provides c:locx signals (figure 4.- lEi) for 
all sections of the processor. excegt 110 c:ontrol. ant:I for 
options on the option board. A crystal osc:1llator circuit 
prod.uc:es the wmmetrical SQuarewave MOCl.K ... (24 24~4. 
Ml-Ir.). This 4l.2S-nanosecond period c:1ocx is sent t<l tne 



optio,, beard and is also used to cioc:k flip.flops that 
produc:a the pnase A and B cioc:ks MCPA + and MCPS +. 
The pnase ctocks have a 165-nanosec:t:ind period rtQrtsent· 
ina tne basic: proc:essor control state in whic:h a sinat• 
microinstruction is proc:essed. Full and half c:Jocks MFC­
and MHC• are produced by decodinc MiCPA + and 
MCl'S +. The oetiods of MFC• and MMC• m11y vary in 41 
nanosecond inc:rtments dtQendinc on when the memory 
actcnowltdament sicnal YONM + is· applied tc1 the control 
seciu~cer. Ourin& indirect addressinc and OMA opera· 
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tions. the i:>eriods are increased an additional 41 nanosec· 
onds (one MOCl..K + cycle) by a delay flip.flop in the cloc:k 
aenerator. 

The c;rysta• oscillator Circuit c:an o. disconnected (by re­
moving a jum~ on tti• prccesscr card) and replaced wit" 
an extemaJ Signal (TCU<C-) connected to J2-'3 of the 
prcceuor beard. This •xt•m•I signal is normally supplied 
by tne writable controt store o~cn. 

MCPA+ 

r-16.5 nsec -1 ______ J~------______ J ___ r 

MCPB• l.__ __ _, 

MFC.... LJ 

LJ LJ 

•PULSE WIDTH OEPEt:-JDS ON WHEN YDNM-+- GOES LOW 

••f>ERlOO MAY VARY IN 41 NANOS!:CONO INCREMENTS DEPENDING ON RELAT10NSHIP OF YONM-+­
GOlNG LOW ANO PHASE Cl.OCl<~i MC?A+ ANO MCPB-+-. OU RING INDIRECT AOORESSING ANO OMA 
OPfRATlONS, THE PERIOD IS INCitEASED AN AOOIT10NAL 41 .2.S NANOSECONDS 
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4.5.13 Control Sequencer 

The eontrol sequencw aenwates sequencinc sicnals whttn 
a memory request is received from the procasset or 110. A 
low MCRA- (processor request) or MIRA- (110 request) 
from the ~ority lol(M: produces a1 hiiJ'I MASE~ that 1at111 
the memory address onto the address bus. ThiS occun at 
the bec1nnin1 of the s.quttnar :yet• so that the address 
has time ta stabilize. 

A thrH ttto-nop counter clocked by MOC- and MOC • 
gener1tn th• three MQuencing signals MRS1-. MRS2-. 
and MAS3- (figure 4-HS). Th• 'IUIH widtt'I ot MAS:J- is 
always t24 nanoseconds; howe•,.,, MAS1- and MAS2-
pulse w1dtns depend on wl'ltin tne memory acxnowledgment 
signal is received (YCNM + gor.11 low). 

4.5.14 Priority Laeic 

The priority 1011c receives ll'equests tor memory optrations 
from th• PMA (on option board). 110 control and central = 

control. PMA l'las tne h1atiest priority and central control 
has the lowest. 

When the PMA requests a memory oo•ation. a low 
ORQM- is applied to th• priority locH:. This inhibits me 
samplinc ot requests from 110 ccintrol and central c:ontrul, 
and auses MAKO+ to 10 hieh 1ndicat1nc the PMA has 
priority. 

An 110 control request indicates a OMA ooerat1on is to b• 
periormed and applies a h1ati IRQM + ta th• pnority 101tc. 
A n11n .IRQM + 1nh1b1ts tne sarnolinc of central control 
reQuests and. it there is no PMA request, causes MIRS + to 
1a n11h 1nd1c:at1n1 the 110 controi has priority. 

A central control request indica·tes that trl• processor is 
request1n1 a memory ooention. When a <:antral control 
reQuat occun. h11h CRQM + a1nd CASFi!T- s11nals are 
applied to the priority loglC'. If there are no requests from 
th• PMA or 110 control. MCRS + aoes h1cn indicatin1 the 
central control has priority. 

4.5.1.5 Controi Logic 1 

The control lo11c ·1 prOducn various control and enablin1 
signals. 

Si11nals MASl.l ~ and MASl.O + are· s.,,t to the address 
multiplesor to control the ;address selection. The stares of 
th6e signals are derermmed b)1 the 110 control reQuat 
IRQM- for 110 memory requests or by bits 2 and 3 of the 
IM field tor proc:essor memory requests. 

Low MMIL-. MMIOL-. ancl MMU- sicnals load data into 
the input latcn. 110 latd'I. and instruction butter, respec:. 
t1v .. y. In add1t1on to ottter requirements. one of tt·1e 
follow1n1 two cond1t1ons is reciuirecl before the thrH 
loading signals can 10 low: the memory acl<nowleclgrnent 
signal YONM + is low. or a sper:.ial data transfer occ:un · 
from the ALU to trie 1n"nict1or1 butter and input larcn " 
(MHCA..,. MRS3-. and MR<r high). 

MMIL- 1oes low when the processor l'las priority (MCRS + 
and MRSl- h•til) and an input·latcn laadinc ooeration is 
sp•:ified (MIMCl- hith). MMIOl- 1oes low when the .110 
c:ontrcM has priority (MIRS + and MRSl- hith). MMll-
1oe1 low when IM·fietd bits 0 and 1 are both zero (MIMCl­
and MIMCl)o hiCh) and the processor has priority 
(MCRS + and MRS1- l'liCh). Another condition that c:.auses 
MMll- ta 1a low is when the c:ontents ot tl'I• program 
cou1,t• and tll'le memory address are equal. and MIMCl + 
is hotft. 

A low MONC·· is applied to cloc:lc control circuits i,, th• 
central control to inhibit processor cloc:lcs until a memory 
ac:l<1,owled1ment is received 1f a wait for memory done is 
soec:1fied. MONC- 1oes n11h to disable the clocxs wnen the 
proc:essor l'las priority (MCRS + r11gh) and the cc1ntrol 
S«l"enc• is in state 2 (MRS2 + r11cn). 

A l'l•lh MOSE• is apolied to the data drivers to transfer 
d.at.11 onto the memory data bus. MOSE ""' 1oes l'!1gn '"'"'" 
Ol"le of the follc1win1 conditions occur. 

a. 110 control nas priority (MU~S • h•ih) and ar1 110 
wnt1n1 operation is specified (MIOW • h11n). 

b. Processor l'las pnority (MCRS + high). and a processat 
writinc operation is specified (MIMCl- low) or the 
special data transfer from the ~LU to the instruction 
butter is soec.ifled (MCOTC- low). 

4 . .5 .. 16 Control La ric 2 

The control locic 2 stores IM·field data and gene1ratu 
pirocessor clocks. Two flip-flops (MIMCO and MtMCl) sto,.. 
the c:ontents of the IM·field bits 0 and l when the 
proclSSOt is request1n1 a memory OQlll'at1on (COVRM + 
and CASRT- are l'lieh for a memory request. or MR'Sl + 
and MRS3 + are low for an ov•r•d• condition). The fli1::Hlio 
outputs are used by th• wntinc driven and control lo111c l 
cira.uts. 

Full and half 1:loclc si1nals (MCOFC- and MCOHC ""') tor 
the processor are prOduced by decoding aooroor1ate s:tates 
ot phase A and a cloc:l< (MCPA and MC?S). and are 
1nl'l1t31tecl 1f on11 of the followin1 conditions occur: 

a. The processor l'las priority but the memory is busy 

(MC~P + and ll.4AS2 + are hrgh). 

b. The processor is denred memory access because of a 
1'11gher pnority request (MCRP... CRQM •. and 
CASRT- are hieh). 

c:. Central c:antrol 1enerate:s a low cloc:lc·d1sabhn1 signal 
(CECXM- low). 

Mtet· one of the above disabhnt conditions occur. a clelay 
flip·tlop allows an add1t1onal MCOHC.., pulse tc1 be 
1enented (figure 4..17). 

4.6 110 CATA LOOP 

The circ:u1ts of the 110 data loop are sriown 1n the tllock 
diagram of figure 4..18. Page numbers ot the processor 1og1c: 
diacram are provided an parentheses tor eactl c:1rc:u1t otiocl<. 
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t---16.5 nsec _, 

MCDFC- LJ ~. }--J LJ 

MCDHC+ 

L INHIBITED CLOC

7
K 

PULSES 

------'' II ;-- I 

INHIBIT 

i._., 

MlOLnn.., (00-1 S) 1/0 MUX 
___ _.., (104-107) 

OALrin .... (00-15) 

.. 
e. 
... 
c: 

0 
~ 

L, __ 

'1111.1r• 4-17. Processor Ciocx lnnibitin1· 

EBnn• (00-1 S) 

I/O 
IOMnn~ (00-15) REGISTER IORnn ... (00-1 S) 
t----•---t~lll1 (108) 

Flew• 4-11. 110 Data L.ooip 81oca Oiaeram 

l/0 
RECEIVERS 
( 104- 107) r.--

1/0 
DRIVERS 
(10~-107) 

..... _... 
~ 

EBnn-l (00-15) 
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4.6.1 l/O Multiplexor 

Th• 110 multiplexor, wnich consists of e11ht dual 4-to· l 
mult1c:iluor circuits (fi1ur11 4-19), selects data for the 110 
resister and for the data multiplexor in memory controf. 
The data is setected from U'1e followinc sourcn: 

a. 110 latcn. MIOLn +(O·lS) 

b. ALU, OALn +(0·15) 

c. 110 recetvers, EBn + (0· 15) 

EBn• (0,2,4,6,8, 10, 12, 14) (1 J) ..... --
(12) EIGHT 

_ .... 
'-TO·l -

Data from the 110 receivers are applied to the 110 
m1.1ltigle:ror in normal and byte·sh1ttecl forms. that 1so. Heh 
of the multiplexor output bits can be selected from 
correspondinc bits in either byte of the 110 data. For 
p;imple. multiplexor output bit 0 can be selected trc1m 110 
data bits O or· a, the output bit l from bits 1 or 9, etc. 

:Setection of input data to ~-, mult1olaor is controlled by 
11c1 control si1na1s ICOO • ~nd ICOl ..... Table 4-l7 is a 
truth table. tor the 110 multipleaor. 

--

IOMn• (0,2,4,6,S, 10, 12, l 
E Sn ... (9 , 1 0 , 12 , 14, 0 , 2 , 4, 6) 

MIOLn• (0,2,4,6,8, 10, 12, 14) (11) ..... MUl.TtPL:XORS 
(9) 

DAL.rt ... (0,2,4,6,8, 10, 12, l ·') 

tCOO+ 

ICOl• 

OALn• (1,J,S,7,9, 11, lJ, I .5) 

MIOLn• (l ,J,5,7,9, 11, IJ , IS) 

EBn• (9, 11, IJ, 15, I ,J,S,7) 

ESn• (1,J,S,7,9, 11, lJ, IS) 

--
(10) ..... -
(14) 

(2) 

I 
Col I __., -
(S') _. 

(4) _ ... --
(J) _. -

NOTE: re PIN NUMBERS .~RE IN PARENTHESES 

l'T11·16U 

'1·36 

,. 
~· 

• .. 

EIGHT 
'-ro-1 
MULTIPLEXORS 

(7) I OMn .... (1 , J, 5, 7, 9, I T , I J, I 

·-

.. 
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Table 4-17. 110 Multiplexor Truth Table 

CONUOL INM CAYA OUTJllUT 

'1NS P!NS '1NS 

2 1'6 6/10 !111 '6/12 l/13 1/9 

L I. L x . .x x L 

L L H x .x x H 

L H x L x x L 

L H x H x x H 

H L x x I. x I. 

H L x x H x H 

H H x x x L L 

H M x x x H H 

NOTES1 I • L • I.OW, H • HIGH, ANO X • llUllL!V ANT 

2. ~!'U TO FtGURI 4-19 l'Ol THE SJGNAl.S ASSOC:IAT!O WtTH ~IN NUMIERS IN THE AIOVE 
TAIL! 

4.6 •. 2 110 Register 
The HS·b•t 110 rec1sttr stores data from the 110 mulhplesor 
and aoohes it to tl'le I 10 dri11en. to the E3 multiplexor 1n the 
data loog, and to the address rnult1plesor 1n memory 
control. Oaia is clocked into the rec1ster on the gos1ttve· 
1011i11 transition ot full eloct.i MFCA- or at MHCA + when 
the 110 requests a memory cycle (IRQM • h11n> The 110 
ritg1ster can operate 1n four modes that are selec1ed by 110 
control s11nals IC02 + and IC03 •. A hold Mode 1nn1b1ts 
the effect <)# the clocx so that the rei1ster outouts are 
unc!'lanaed. On a single clocM transition. byte-transfer 
modes tran-ster the left byte to the right byte pos1t1on and 
the r1gnt Oyte to the lett byte pos1t1on (Sff ficure 4-20) A 

load1n1 made loads data sejected by the II() mult1ple:1or 
into tne rq1ster Table 4° lS ltsts tl'le opetating modes 
resulting frCJm the 11arious states of IC02 • am:2 IC03 •. 

Tabh! 4-18. 1/0 Register Modes 
IC02+ IC03+ Mode 

L L Hold 

L H Lett Byte ta Ri11it Byte 

H l. R11nt Byte to Lett Byte 

H H Load in mu1t1plaor data 

4.6.3 110 Drivers and Receiver'S 
Data is trarisfen-ed to and from the b1d1rect1onat 110 data 
bus w1tl'I 110 drivets and rece111ers. These dm1ers and 
rece111ers also 1n"er1 tne data. 

Wl'1en enabled with a l'l1gn IC04A ... s11na1 from tne 110 
controt. the 110 drtven transfer data from tne 110 re11ster 
to the 110 data bus. 

Th~ 110 receivers apply 110 bus data to the 110 mu1t1ple:1or 

4.'.7 110 CONTROL 

Thus section consists of cm:uit descriot1ons followed by the 
various 110 operations. The 110 cm:u1ts are grouoed as 
fellows: 

aL Microinstruc:t1on S.ciuenc1ng 

t>. Oecoding and S~uenc:inc; ·Control 

c:. 1ntem.1ot and OMA Control 

d. 110 Oata·l.COP Control 

tt. Pfccassor-110 Control 

t. Orivers. FIKeivers. and Misc:ellaneous Control 

Th• 11 O operations consist ot: 

IL ~rammed 110 

b. lnterruot 

c. Normal OMA 

c1 Hign-Speed OMA 

The 110 Control circuits are located on the option board 
( 4'1P0619). Logic diagrams tor tnese cm:u1ts are on sneets 
3.0 tnrougn 3.11 of drawing 9180.401 (pro"1ded 1n tne 
Sy.stem Maintenance Manual). Page numoers of tne option 

4.37 
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LEFT 8YT! RIGHT !YTE 

r lS 14' 13 12 11 10 9 8 1 7 6 5 • 3 2 1 
RIGHT BYTE 
TRANSFERRED TO 
LEFT BYTE • • • • • ~ 

+ T 
T 

LEFT BYTE 
TR.ANSre~REO TO 
RtCHT BYTE 

l 1s 14 13 

LEFT 8YiE 

12 11 10 

-

9 8 I 7 

L T • 

~IGHT BYTE 

6 s 4 3 2 1 

~ ~ ~ .. ~ T 
r 

----· 

'1pre 4-20. Byt .. Transter Modes of 110 Aecisfer 

board logic diagrams are grci·vtded in c:iarenmeses in t"• 
block diagrams mac follow. For a description of tne eaternat 
110 interface signats. reter to me lnput/Outout section of 
tl'I• aoplic.aale system l'landtxlOll. 

4. 7 .1 Microinstruction Sequencing 

All 110 ooerations are l)lrlOrmild tnrougn a seQu•nce ot 
m1crainstNc:tions. 1mi:il19fn•ntat1on ol tl'lese sequencn is 
accomp6isl'led w1tn m• addre11:1 s.lector, address counter, 
110 contrel store. and outter. Figure "-21 snows now tnese 
circuits are related to eacn ·:lmer. A descnotion at eacl'I 
cm:wt is QrOY•dild in tne ro11c1wing suasec:ttons. 

4.7.1.1 Address Selector 

Under eontrot of me control logic. me address Hlector 
•.cts an 110 contri::H-stc1rt1 address to initiate an 110 
ooeraaon. The addrea is s.locted from ettner c•ntr11 con­
trot °' me tra~ddresll gen•trator (for OMA oc:ieratlons). 
A low lllOU!- enaa1es _tne address selector. The address 
seiectcr s.lects an a1::ldress from canrral control wnen 
IMXAO + is nign and frt)m tne trao-address generator wnen 
IMXAO + is low. The :s.elec1ud 84>1t address is appll9d to 
tne address counter. 

4.7.1.2 Address Counter 

The address counter prOYide:s sec:iuential address•s tor tl'le 
110 control stOl'e. An 110 ooerat1on b99ins wnen tl'le se­
lected addresa (from tne ad1::lresa selector) is loaded into 

4-38 

me adctre:sa counter w1tn tl'I• positiv~oing transition ot 
IFC-(wnen ILOAO-is low). The c:ountar is tnen incr11mented 
•Mitri ucl'I posalN..going transition ot IFC- (wnen llNt-tC­
is nign) to pf'O'lfde me sec:iuentiat addresHs for an entire 
1110 OQeration. The nut to last m1croinstl'1.lc:tion oi any II 0 
1ooeration l)rOdUcn a low IEIOU!- to prevent furtner inc:re­
rnenting of me addrea counter. 

4.7.1.3 1/0 Control Store 

The 110 c:ontrol store is a 2~&-word by 'El·Oit l'li1;n-soeed 
FIOM (flgi.are "-22). It contains tl'I• mic:ro1nstruct1ons tl'lar 
c:ontrcl timing and sec:iuencing tor all 11 O ooerauo,ns. When 
an addrna IRAn +co-n is rec:etved, tl'I• 110 control store 
&CQiies me addressed data IROn(0-15) to tl'I• 01.1t1er. The 
110 control stare c:an o. disaDled witt'I a low XIOC£- wnen 
an extemw 110 eomrol store is u:Md. For a list at tne oinary 
c:odes contained at eacn address ot tne 11 O control store, 
reter to documents 4'9A0195-000 and A9A0195-0101 1n tl'le 
System Maintenanc• Manuat 

4.7.1.4 Butter 

The butf91r eonS1st1 ot a 16-oit register tnat perm1t:s overtao­
ping ot microinstruction executions and access ot tl'le next 
m1cro1nstr1.1ction. Its outciuts control all II O oper:a1t1ons and 
enacle new 110 tasks when tne current oc:iel"3t1on is com­
pleted. The format tor tl'le 110 eontrol·store word is defined 
in figure 4-23. The Outfer outc:iut states and cot'ltrol store 
adaresse1 tor tl'I• various 110 ooeranons are listed 1n tacles 
4-19 tl'lrougn "-26. 
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rc::ioe• 
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Al.U OUTPUT 
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VO MUl.TiPt.EXC>R (NPUT 

L 
I. 
H 
H 

ALU OUl'PUT 
ME.MORY VO 1.ATCH 
VO SUS BYTE-SWAPPEO 
VO BUS 

-

L 
H 
I. 
H 
L 
H 
I. 
H 

I. 
I. 
H 
H 
l. 
l. 
H 
H 

l. 
L 
l. 
l. 
t'f 
ti 
H 
11 

VO FUNCTIONS 

WAfr 9N EXTERNAL DEVICE 
l.OAO NEW SEQUENCE AOORESS 
AOVANCE CLOCK COUNTERS 
WA!'r FOR ME.MORY CYCl.E 
WAlT FOR PROCESSOR REQUEST 
SPARE 
ACKNOWLEDGE INTERRUPT SEQUENCE 
SPARE 

Fip• 4-23. 1/0 C4ntrot-Storu Word Format 
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Table 4e19. Programnied 110 for SENf EXC, and EXC2 Instructions 

I/O CONTROL BUFFER OUTPUTS 
STORE ADDRESS 

i---

I + ... + + .... + • + CD CD ... + ... ... ... < + 
8 Q N M .. > 1¥ > ...I ~ > + + .: + 

Q Q Q ~ 
Q 3 0 z Q N 

1¥ 1¥ CIC 1-. 1-. 1-. 
DECIMAL HEXADECIMAL ~ ~ ~ ~ ~ ~ VI e 5 ~ ~ ~ 9 ~ ~ ~ 

1--• 

·O 0 L L L L l. L L L. H L. L. L H L L L 

4 4 L L H H L. L. L. l. H L L. L H L l. L 

" .5 L L L I., I.. L L. L H I. I. I., H L l. L 
6 6 L L L I.. H L. L I. H L L I. H l L L 
7 7 L L L I. H H L L H L L L H L I. L 
8 a L L L L H H I. L H L L. L. H I. I. H 
9 9 . L. L L L I. L I. I. I. L I. I. I. I. I. L 
10 A I. L L I. L. I. I. L. H I. t.. I. H L. L I.. 

NOTES: 1. L. • LOW, H • HIGH 

2. ACORESS ZERO IS THE RESET ST ATE 

Table 4-20. Programmed I/ Ow Input-Cata Transfer 
,....-

: 

VO CONTROL 
STORE ADDRESS 

BU Fi= ER OUTPUTS 

... 
I ... ... ... .... ... 

ca + ca ca ... ... loW ... loW < ~ ... ... ... ... .. 
8 N ("") .. QC >- -' >-Q 0 Q. Q > < QC = ~ 0 QC z Q - N 

1¥ I.I. I.I.. .... 
OF.CIMA I. HEXADEClMAl. ~ ~ ~ ~ ~ :: i:i.. = ~ ~ ~ ~ = ~ ~ ~ ..,, 

~-

12 c L L H H L L L L H L L L H L L L 
1:3 0 L L L I. L L L L H L I. L H I. L L 
14 E l. I. L L H L L L H L. l. l. H L l. l. 
t.S F L L L l. H H I. L H L. I. l. H I. L I.. 
16 10 L I. I. L H H I. L H L L. I. H I. L L 
17 11 H H L L. L L I. L. H L I. I. H I. L l. 
18 12 H H L L l. L l. H H L I. L H l. I. I. 
19 13 H H H H L L t. H H L. l. l. I. I. I. l. 
20 14 I. I. L l. l. L L l. l. L L l. l. l. l. I. 
21 JS I. I. I. I. t. I. L I. H I. I. I. H L I. I. 

--
NOTE: L = LOW I H = HIGH 

4-41 
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Table 4-21. Programmed 1/0, C)utput-l)ata Transfer 

VO CONTROL 
STORE ADDRESS 

DECIMAL HEXAOEC 

28 1C 
29 10 
JO 1e 
31 lF 
32 20 
33 21 
34 22 
JS 23 
Jo 2• 
37 2.5 

lMAL 

· NOTE: t. • 1.ow, H • HIGri 
vr11.1t12 

+ 
Gii 

8 
~ 

L 
L 
t. 
l. 
L 
L 
t. 
L 
t. 
L 

+ + ... Gii Gii - N ("") 

Q Q Q 
~ ~ ~ 

L H H 
t. t. t. 
t. L L 
L. L t. 
L H H 
L L L 
L L t. 
t. L L 
L L t. 
L L L 

BUFFER OUTPUTS 

-
I + .... + + + loW + """ < ~ .... Clll: > ... 

Q > < "' Q ~ 0 QC ;a ~ ~ 
Q. 9 ~ :!: VI 

L L L L H t. t. 
L t. L t. H t. t. .. , L t. t. H t. L 
rt H t. l. H l. l. 
1-1 H t. t. H t. l. 
rt L L L H t. L 
rt L L H H t. t. 
ri L t. H H L L 
l. L L t. l. L t. 
l. t. L L H L L 

-

Table 4-22. OMA, Trap-Ctut Operation 

-
VO CONTROt. 
STORE AOORESS -

DECIMAL HEXADECIMAL 

64 .40 
65 41 
66 42 
67 ~ 
68 ~ 

69 4S 
70 46 
71 47 
7'2 48 
73 49 

NOTE: l. = LOW I H = HlC1H 
YTll·ltU 

... 
d 

8 
~ 

H 
H 
H 
L. 
H 
t. 
I.· 
L. 
t. 
t. 

-

... + ... ID Cl ... 
N l""'J .... 

Q Q 0 Q 

~ ~ ~ ~ 

H l. l. L 
H L l. L 
H H H l. 
L. L. L l. 
L. H ti t. 
t. l. L H 
L l. L H 
t. L. L H 
t. t. I. 1. 
t. L I. L 

BUFHR OUTPUTS 

... 
I - ... ... loW ... """ < ~ > IX > ... 

< "' 9 ?: 0 QC 

~ 
~ 9 ~ ~ :!: ....., 

l. l. L H L l. 
H l. l. H l. l. 
H I. I. H I. l. 
L. l. L H H H 
l. l. L H H l. 
l. l. L H L. L 
t. L H H l. l. 
L l. H H l. l. 
L l. t. l. L L 
L L l. H l. L 

+ + > 
QC z 
~ 9 

L L 
L H 
L H 
l. H 
l. H 
L H 
L H 
L H 
L L 
L H 

... ... > 
"' z 
~ 9 

l. l. 
l. L 
l. L 
L. l. 
L. l. 
L l. 
l. l. 
l. l. 
L L 
l. H 

... ... .! Q N 

"'"' "'"' I.I.. 

~ ~ ~ 

L L t. 
L t. L. 
l. l. t. 
l. L. L. 
t. l. L 
L t. L 
L L L 
l. L t. 
l. l. t. 
l. t. L 

... =. ... 
Q N 

"'"' "'"' "'"' ~ ~ ~ 

L H H 
l. L l. 
I. l. l. 
H H L 
H H l. 
l. L l. 
l. l. L 
l. H l. 
l. l. l. 
l. L l. 



Table 4-23. OMA, Trap-In Operation 
,.---

VO CONTROL 
STORE AOORESS 

1----

DECIMAL HEXADECIMAL 
1---

ao so 
81 -'1 
82 S2 
8:3 SJ 
84 S4 
as SS 
96 56 
87 57 
as SB 
89 59 
90 SA 

NOTE: I.• LOW, H • HIGH 
VTll·IU4 

... 
CD 

8 
~ 

H 
H 
H 
L 
l. 
H 
H 
H 
H 
L 
L 

... ... ... CD CD - s M 
Q Q 

~ ~ ~ 

H i,, L 
H l l. 
H H H 
L i. l. 
L L. l. 
H L l. 
H L. L 
H l. L. 
H I. L. 
L L. L. 
L. I. L. 

BUFFER OUTPUTS 
: 

I 
... ... ... ... ... loW ... loW < ... >- Cl: >- -' ~ 

Q < Cl: Q := 0 Cl: 

~ ::: Q.. e Ea ~ s: ..,., 

l. L L L H I. L 
l. H L L H L L 
L H I. L H L L 
I.. L L. LI H L L 
I. l. I. L H l. L 
l. L. L L. H H H 
L L. L L H L. L. 
I. L L 11 H H L 
L L I. H H L. L. 
L L L. L L L. I. 
i., L L I. H I. L 

TH!ORY Of OPERATION 

... 
>- • ... . ... 
Cl: z Q - ("If .... I.I. I.I. 
~ e ~ ~ ~ 

L L l. H H 
L L L L I. 
l. L L L L 
L. L L L I. 
I. L L L. L 
L. L. H H L 
I. I.. L I. I. 
L. L H H L. 
I. L L. H L 
L L L L L 
L H I., I. L 

Table 4a24. High-Speed OMA1 Trap-Out Operation 

VO CONTROL BUFFER OUTPUTS 
STORE ADDRESS 

1--· • -
... 

I ... ... ... .... ... co ... a::i a::i ... ... ....i ... ....i < ~ ... . ... . 
8 N M • )- QC; ::>- ....! ::>- .: Q Q 0 Q < QC 9 ~ 0 QC z Q C"4 

QI: I.I. .... .... 
Df:ClMAL HEXAOEClMAl. ~ ~ ~ ~ ~ ~ ~ :a ~ :::: s: ~ :a ~ ~ ~ ..,., 

96 60 H H H H L H L L H H H L l. l. H H 
97 61 L L. I. L L L L L H L L L L L L L 
98 62 H L H Pl H l. l. H H H l. l. L L H H 
99 63 L L I. L H L L H H L L l. L l. H L 
100 64 L. I. L l. L l. I. L L L L L L L L I. 
101 6.5 L L L I.. I.. L I.. L H L I. l. H L L L 

NOTE: l. = LOW, H = HIGH .-ru.,,,, 
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T;able 4-25. High·Speed OMA, Trap-In Operation 

VO CONTROi!. 
STORE AOORESS 

DECIMAi. HEXADECIMAi. 

ll2 70 
113 71 
114 72 
1 TS 73 
116 74 
117 7S 

NOT!: L. LOW I H • H[GH ,,.,.,,.,.,. 

H 
H 
H 
I. 
I. 
I. 

H H H L 
H L I. L. 
H I. I. L 
I. I. I. l. 
I. I. I. l. 
I. L L L 

BUFFER OUTPUTS 

I + 
+ l.w -• ... i.w _. < ~ > "' > < IX 9 ~ 0 IX 

!:!:: 
Q,. 2 ~ ~ :: ""' 

H I. I. H H H 
I. L I. H I. L 
I. L H H H I. 
I. I. I. H I. I. 
I. I. I. I. I. I. 
I. I. I. H I. I. 

Table 4-26. 1/0 lnterrup·t Operation 

-
VO CONTROL 
STORE AOORESS 

DECIMAL HEXAOEClMAL 

220 oc 
221 DO 
222 DE 
223 OF 
224 eo 
2:ZS El 
226 E2 
227 EJ 
228 E4 
229 es 
230 . E6 

NOTE: I. :s LOW, H = 1-tfGH 
ll'Tll·1'11 

... 
ID 

8 
~ 

H 
H 
H 
I. 
I. 
L 
I. 
I. 
I. 
l. 
l. 

... ... ... cD cD 
N M 

Q Q Q 

~ ~ ~ 

H L I. 
H I. I. 
H H H 
I. I. I. 
I. I. I. 
I. I. L 
I. I. L 
I. L L 
I. I. I. 
I. l. I. 
I. L L 

... ... 
Q 

~ 

I. 
I. 
I. 
L 
L 
I. 
l. 
l. 
I. 
I. 
I. 

BUFFER OUTPUTS 

... 
I 

i.w - • ... l.w • ~ < ~ C¥ ,.. > < i:c 2 ~ 0 "' !:!:: c:.. :a ~ ~ :: ..,, 

L I. l. H l. L 
H I. L H I. I. 
H I. L. H t. I. 
I. t. L H H L 
I. t. H H t. I. 
L I. ti H L I. 
I. I. l. H I. I. 
L I. l. H L I. 
I. I. l. H I. I. 
L I. l. I. L I. 
L I. l.· H L L 

... 
> 
IX 

~ 

I. 
I. 
I. 
L 
I. 
I. 

... 
>-
"' ~ 

I. 
L 
I. 
I. 
L 
I. 
I. 
L 
L 
L 

-L 

... ... .! ... 
z Q N 

t.i.. ... t.i.. 

9 ~ ~ ~ 

I. I. H H 
I. I. L I. 
I. H H H 
I. L H I. 
I. L L I. 
H I. I. I. 

... ... ... ... 
z Q - N 

I.I. I.I. I.I. 

2 :::: ~ ~ 

H I. H H 
H I. I. t. 
I. I. I. L 
t. I. L t. 
t. t. L L 
I. L H L 
L L L L 
I. L I. l. 
I. I. I. L 
I. I. I. I. 
H L I. L 



4.7~ Decoding and Sequencing Control 

The decoding and HQuencing controt (fl guru ~24') d•codes 
tntt 110 ~unction fiejd ot me 110 c:cntrol•s1tor• word. and 
sucplin control Signals to tne microinstructlon•Hquenc1ng 
circuits and to M'leral otner II 0 control circuits. 

4.7.2..1 Address-Counter Loading Control 

This cm:i.ut grovides th• loading signat (It.CAO-) ttsr tne 
ICldresa c:ount•r. ll • .OAO- is active (low) wh•n tne butter 
soec:1tia an idl• condition (IEIOLE + thgtt) or a waiting 
ccnditie>n is soecitied and a new addr•sa is to oe load•d 
(IEWAli ""' and 101 + nign). L.oading ot tn• address count•r 
OC'.curs wnen 11 .. 0AO- ie lcw and tne 110 ctock (IFC-) is 
nC1t 1nn1bitecl Cly tn• clcc:x 1nn1b1tor signal (llNHC-). 

4.7.2.2 Address Selector Control 

This circuit c:ircvides m• selector signal (IMXAO + ) tor tne 
address- selector circuit. wnen IMXAO + is tow. a trap 
address 11 selected (tor norm.a! or l'lign·sc••d OMA). 
IMXAO + goes tow dunng a trao sampling tim• if an external 
dlMce (usually a buttered interlace controll•r) requests a 
OMA OQ4lfat1on. Trao sampling tor a normal OMA ooeration 
occurs wt'ien 1eSMP ... is tiigl'I. and tor l''li1gf'lespeed OMA 
aoerat1ons wt'ien 1e101.E ... and ICC are l'U~n. At all otner 
tiMes. me setector signal IMXAO + rs l'ligt'1 and a c:•ntral 
cuntrot address is selected. 

4 .. 7 .2..3 CJocx lnnibUor 

This circuit grov1des a cle>c:x int11b1tor signal (llNHC-) tnat 
int11b1ts l<>ading ot tne address counter and outter llNHC­
is acttve (tow) wt'len tnere is no liO activity (IEIOl.S ... and 
lllOL..E- ~119M) or tne 110 control is waiting tor tne central 
control tQ complete an ooerat1on. The waiting conditions 
are: 

a. Waiting tor me central control to res~ond (CROIO + 
1'11gt1) 

O. Waiting tor tne memory control to r•spond to a request 
tor ;a trao memory cycle (MAKIO + l'ltgn). 

c. Wa1t1ng for tne central control to c:ompl.ete an 1nternipt 
service routine (llNTF... h1gn). 

4.7 .2.4 1/0 Fundlon Oecoder 

· This circuit pr0V1des vanous control signals Oy decoding 
me mree 110 tunct1e>n bits IEFn + (0-2). 

4.7 .2.S lnhibit~dfe Controt 

This circuit c:an ovemde me ciocx inhibitor llNHC- by 
generaung a low 1nh1b1t-1dle signal lllOLe-. The 1nhib1t-1dle 
sac;nal •S also used to enaole ttte address s.elector. lllOLE-
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is ac:ttvated (low) during one of tn• samcte times (IESMP ... 
or ICC+ hign) if one of uie following conditions occur: 

L A ncrmal trao operation (OMA) is requested (t'TFI l'N + 
nign). 

• b. Cantral control reQuests an lnterruct operation 
(ICCIA+ and CJ=IQIO+ higl'I). 

c. Prc;ramm«t 110 operation is requested (IOCIA- and 
CJ=IQIO + rtigh). 

d. A l'tit;n•speect trao ooeraticn (OMA) is reczuested 
(l'TRPF + l'ligl'I). 

•4.7.3 Interrupt and OMA Control 

'f'he int•mJct and OMA control (figure 4·25) performs the 
following functions: 

a. Generates and controls me interruct ctoc;cs (IUCX-1 
and IUCF·I) 

ti. SuoO'in mout Signals to tn• samo1e control logic 

c. Generates int•rruQt acxnowledgments (IUAX·I and 
IUAF-~) 

d. Generates me 110 intern.ict flag (llNTF ... ) 

·4.7.3.1 Interrupt CJock Generator 

'?'his circuit generates tne> ICA- and ICC • ctoc:xs wn1cn 
;are sent to 110 bus drMtrs to Oecome tne normal and 
lrlig~ clocxs IUCX·I and IUCF-1. 

·rhe e>ertOd of me normal interruot eiocx (IUCX·t) is 1umper 
:selectable at 1t1tner 660 or 990 nanoseconds. Se1ect1on 
deoencss on me lengtn of me pr1or1ty cna1n 1n tne system 
(for a description ot tne prtortty system. refer to the Input. 
Output S.Ction of tne aoolic:acte system nancicook). 

'l"h• e>enOd ot me hign·soeed cloc;c (IUCF·I) is fixed at 3:30 
1ianosecondS. This clocx is used dur1ng h1gn-soeed OMA 
operat1e>ns. 

4.7.3.2 Sample Control L.ogic 

This Circuit provides tne following signals 

L IESMP +. wnen there is no 110 activity, (IE!Ol.S + 
11ign) IESMP + samcles normal OMA or interrupt r ... 
QUllSt3 to determine if tney occur during tne prooer 
pf'lase (ICA- h1gt1) ot me interruct cloc:;c (IUCX-1). 
IESMP + a•so tests fe>r 110 requests from tne central 
control. 

ti. ISMPF +. When tnere is no 110 activity (IEIOLS h19n). 
ISMPF ... samples h1gn·soeed OMA reQuests to deter­
mine it tney occur dunng me proper pnase (ICO + 

hign) of tne n1gn-soeed 1nterruct c:loc:x (IUCF-1). 
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.. --01-
-~ >\OORES:S- TPOX+ .. - COUNTER -

EWA.IT• .. LO>\OING ILOAO·-- TPIX+ • - CONTR<::>l. --IEtOLE-- ..... (3.J) 
IESMP.. • --
CRQI0+-11• INl-1181T· ITRPN+ --... IOLE 
BINIO• -II~ CONTROL 

Ill OLE- _ .. --
IOCJR- (3.4) IOCIR+ _ .. _., .... --ISMI+ .... --.-

ICO+ • !....+ ITRPi::. 
ICO+ • .. .A.OORESS ..... 

SELECTOR ITRPi::. . CONTROL IMX.AO+--- _.. 
IESMP.. (3.3) --..... - -ITRPN+ _.. - --

100- -- ..... ... -. rot: IEJOL!• _.... ... ...... 
102: .. l'C-HAIT ..... rero• ....... _. 

1/0 .... 
10.l :C ... CROIO• .... CLOCl< 

IEFl• FUNCTION ... INHIBITO-R llNHC- ... -• - OECOOER 104- 1014• (J.4) ---- .. IEF2• ...... (3.J, 3.4, 3.o) .. - 106 = M.AKIO ... -- .... -
10:36+ ....... -
101~ _.. llNTF• 

.... ... 
·-



IFC~ 

INTERRUPT 
CLOCK 
INHIBITOR 
(3.J) 

OMA 
ACKNOWI..,; 
ECGMENT 
CONTROi. 
(3 .6) 

SAMPLE 
CONTROL 
LOGIC 
(J.J) 

lllNHN+ 

II NHF-;t 

IHS'C~ 

INSO::: .. 

IESM.!::..,. 

ISM!!::...., 

THEORY 0, OP£RAT10N 

102· IC.A:!: 

INTERRUPT 
IRQM- CLOCK 

GENERATOR 
MAK JO• (J. 1) 

ICC. .. 
IFC~ 

IRST-

INTERRUPT 
ACKNOWL- IUAX:!: 

IESMP. EOGMENT 
CONTROL IU.AF :!: 

IOZ• (3.2) 

IRST- ... 

ClNT'F• --- INTERRUPT 
ClNT!=- _.. ... --

IEIDLE- --- FLIP·FLOP llNT!=- __.,,, 
... (3.6) -

,,..._ 4-2.5. ~ ancl OMA Control 

4.47 
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4.7.3.3 Interrupt Ack:nowtltdgment Control 

Thi• circuit consists of two ttlp.llocs tnat i:trovide tne normal 
and hign-speed interrupt ac:xnowtectgments IUAX and IUAF. 
These signats ant used in me 110 control circuits and are 
atso routed tnrougn 110 drivers to tti• 110 bus (IUAX-1 and 
IUAF-i) 

4.7.3.4 Interrupt Alp-Flop 

w,,.,, CINTF. • goes nigl'll. tft• intemiot tltp.ttoo is set 
(llNTF • nign) indicaMg tn•t centrat control nas comotetoa 
•ts interrupt set'Vice routine and tnat tne 110 control can 
continue procaS11ng and comote11e its 1ntem.aot routine. 

4.7.3.S Interrupt CJock Inhibitor 

This circuit orovides two interru~1t cloclc inhibitors: a n191'1 
llNHN • 1nh1b1ts me normal CIOClc (IUCX·I) and a n1~1n 

llNHF. 1nh1bits me l'!ign-soffd c:ldc:lc (IUCF·I). 

llNHN • goes n1gn during ;i sam"ling time (IESMP • l'!1girt) 
it one at me following conditions occur: 

a. A normal OMA operation ia rnc;uested (l~PN • l'!igri). 

t:I. An interruct s.auence is aclcnow1ectgtld by tne clintral 
control (CrtQIO • n1gn). 

Sott'I tne a~e conditions aire inhibited it a nign.sceed 0 MA 
oceration is reciuested. Thr:s is ac:comptistled t:ly disabling 
IESMP • dunng me l'!ign-speec:t sampling time (ICC • and 
ITRPF +- l'!rgn). llNHN • atsu remains nign (it a normal OMA 
or 1nterruct is recognized) as long as tne 1nt•m.iot acxnowt. 
ed;tnent is set (IUAX- law). 

llNHF ... goe l'!ign it a nign·sDftd OMA r11quest is made 
(ITRPF• l'l1gn)dunngasamglingt1me(IEIOL..5 •and ICC ·t­
l'l1gn). Normal OMA ooerations cannot ovemde nigM·SCIHG 
OMA operations. Wl'lttn a h1gn-sp11ed request is acceotllit 
llNHF • rernaru l'!rgn as long as tl'le l'!1gn-scieed 1nterrugt 
acxnowledgment 1s set (IUAF- lo•llW). 

4.7.3.6 OMA Acxnowledgment Contro• 

This c1rcutt consists of two flip.-t101::1s tl'lat indicat• it a OMA 
request nas oeen samo1ecr .and accepted t:ly fl'le 11 O control. 
A 1"1•9" INSO • aciitnowled9es no,rmal OMA requests and 
a 1i1gn IHSO • acxnowledgttS l'!19i1-sc•ed OMA requests. 

4.7.4 II 0 Cata-Loop Contr'oi 

ih1s c1rcu1t (Figure 4-25) prov1de111 control signals tor !l'ltt 
11 O data looci. 

ICOO • is used rn tl'le selec:t1on of input data tor tl'!e 11() 

mu1t1cileJt0t (section 46.1 ). 

1Ct>2 +- and IC03 + determine th• operating modes of me 
I/Cl register (section 4.6.2). 

ICO~ • enalOles tne 110 drtvers (section 4.S.3) to tr:anster 
data tram tne 110 register to me 110 bUL 

Fu,,cttons of tne aoove signals are summarized in tl'I• 110 
c:ontral·store •itfOICt format in figure •·2:3. 

IC04A·• 

IC02B+· 

ICOO+-
10 le)+. 

1/0 CATA ICD2• 
l03+ LOOP 
----1 .. CONTROL ICO~ 

IHS-· (3. o, J. a, J • 1 O) 

TPOJ=. 

103+ 

4o7.S Processcr-110 Control 

These circuits (figure 4-2n suggly address and ec:1ntro1 
Signals to t"e centraa control. 

4.7 .. S.1 110 Cone and Write Controt 

An 1.10 done condition ••ists when IONC- goes l'!ign. This 
condition occurs during a programmed 110 or 1nta1rl't.IQt 
sOQ1.1•nce to signal tne central control mat data is now 11a1td 
and can be interrogated. IONC- is l'!eld low during ~1ign· 
speea or normal OMA ooerauons t:ly a low IHSO- or IN:SC-. 

Curing OMA operations, two write eontrot line signals 
IWlMC- and IWRMC- are sent to tl'le memory ecntrot. Tl"le 
wint11 eontrol lir1a are enaoted (IWl.MC- and IW~MC- low) 
e1tl'le1r by n19n "l"F'lX • and INSO • tor normal OMA or n19n 
T?lF +- and IHSO • dunng n19n-speed OMA. 
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4.7.S.2 Request and Acxnowtedgment 
Control 

'M'len 111 interrupt is requested (IURX • l'lig,,), a low IROC­
is s.m to trie centraJ control. 11:ioc- is reMt to the l'ligft 

stattt when trie 110 intem.ipt flag is set (llNTF- low). A l'lign 
IURX • atsa causes ISMI • to gc1 1'1igl'I indicating a program 
interrupt is pending. 

When trie I/ O control has responded to a processor request 
(CRCIO + l'ttgl'I), an acknowledgment signal (IAKC1 • low) 
is sent to the central control. /4., low IAKC1- is generated 
wnen one ot two conditions an• acknowledged: 

a.. ?rocess request of an inttrruc:n ooeration (CACIO + 
and ICCIR +- l'l1gl'1) 

t:I. ?rocessar request ot a p1ro9rammctd 11 0 operation 
(CFIQIO • hu;n and IOCIR • low) 

4.7.S.3 Miscellaneous Control 

For interrupt ooerations. intem.1ot address bits llAn +- (0·2) 
are used as a portion of the c1intraJ control store ;address 
CEAOn- (0-S). 

il'le sense response sigr1a.1 1si:•o • is sent to the central 
control to indicate the status ot a programmed 11 O sense 
operation. It the sensed condition is true (SEFIX-1 low), 
ISi=IO ... is Migl'!. Converseiy, it ti,• sensed condition is false 
CSEFIX..j h1g,,), ISRO + i:s low. ~eter to the lnput10utgut 
Section ot me aoolic:aCI• system handbook tor further 
1ntormabon on i;:irogrammed 1110 sense ooerations. 

If a jump and mane instruction· is locatlld at tne interruot 
address dunng an 1ntern.1ot oonration. IJMFIK ... goes liigtl 
and transfers IUJX..j ontc th• 110 bus. IJMRK ... goes l'lign 
wnen me processor interrupt tl.ag ClNTF +- and a decoded 
iumo and mark signal CICJMK -.. are l'l1gn. At tne completion 
at tne 110 1nterruc:it routine (11..JAX..., low), IJMFIK returns 
to tne low state. 

4.7.6 Drivers/ Receivers and Miscellaneous 
Control 

'rhese circuits are stlown in fi1;ure 4·28. 

4.7.S.1 Drivers/Receivers 

These e1rcu1ts are tne 110 bus interface tor tne various 
11 O control s1gna1s. 

4.-50 

4. 7.8.2 Buffers and Decoder 

· Th .. circuii:I perform trie following functions: 

;L Generates 110 full clocxs IFC +- and IFC- by buttering 
tn• proceaor fuU clock MFCO-. 

II), Generat• 110 reset signals !FIST• and IFIST- t:ly 
t:luthtring tne system reset signal SRST-. 

c. Genera«• th• 110 half docks IHC..., and 1t-11C- t:ly 
t:lutfenng tn• processor half CIOC!c MHCO-. 

d. Generates th• decoded interruot signal 1oc::F1- by 
decoding CSMT + and CSMR • . 

4 .. 7.6.3 Fi1nctlon and Cata Ready Contrf:tl 

This circuit 1:ontro1s tne lengtn ot time. tne function ready 
am:I data r•••dV signaJs are active. For t1m1ng wav1tforms, 
refer to the tnout1 Ou tout Section ot me aciolicaote system 
l'uandCOOk. 

011.Uing normal 11 O operations reQuiring aata transfers onto 
tne 110 bua. tne pulse w1dtl'I ot function ready or dat.a ready 
signaJs GFRYX-1 or OFIYX--1) is snortened. il'l1s permits data 
to remain on tl'le 11 O bus tor some geriod of t1m1e atter 
tr'l:e removat ot one ot these signals (sff figure 4-29). A 
p.trlgfteral controller c.an tnen use 111• trailing ltd9e (low­
to-nig,, transition) ot me function rea¢f or data read'f s11;na1 
tCJ interrogate tl'I• data from tt'le processor. ~ulse -;width ot 
ORYX..j or FRYX.i is sl1ortened at tne trailing edgo ot tl'I• 
110 haJf doek IHC- wl'len llT- is low. 

Curing l'ligtM1oeed OMA ooerations (figure 4-JO) c1nty th• 
p11.11se width ot ORYF-1 is snortened during an output-data 
transfer. OFIYF-1 i1 shortened at tl'le trailing edg•, of th• 
110 ha!f c:toc:x IHC- wnen 102- is low (IHS- low). Ne> pulse­
Wldtl'I change is required dl.mng an input-data transfer. 

4.7.S.4 Mlemory Tlme-Out 

A memory tlme-out circuit is provided on tl'le ootion ooard 
t1:) term1nat1 requffts to non ... xistent memory 10,cat1ons. 
'T'hese requests may result from grogramm1ng erre>rs and. 
it1 wrao-.around addressing is not emgloyect. tl'le system 
would otnerwise hang--uo waiting tor a memory ac:xnowl· 
UJgment. Tiie memory time-out eirc:uit monitors all r9(luests 
(MAQPTA- and MAQPTB-) on both memory bu:ses and 
;ienerates ;a memory acxnowlect9ment signal (Yt:INMA..., 
cir YCNMB +-) to tne aocropriate bus if a request has not 
tieen received trcm tl'le memory within two rn1lliseconds. 
1.,.,is interv.at is considered long enougn to avoid false 
t:1me-outs which m191'1t result from higher priority cort ac· 
c:es.aes. Timing waveforms tor a time-out and non i:1me-out 
c:onditions are illustrated in figure 4-J 1. 

1'1'1e memory time-out circuit ean tJe disaOled w1tri 1umoer 
c:onnec:nons on trie option board. 
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4.1.1 Programmed 1/0 Operation 

Timing w•1tefom'ls for 1 progr1mmed 110 ooeration are 
illustrated in figure 4-32. A programmed I/ 0 operation is 
initiated when a l'lign CRQIO + is received from tti1e procH• 
sor. This occurs wnen ti'!• proceuor IM and S tte101 contain 
11 ix and 00. res;:iectively. Omer processor ttel1:Ss are in· 
t~retecl Oy th• 110 control u starting acscsreaes for tne 

TIME-OUT CONOrTlON 

© © . 
-M-RQ-Y----'l......, __ -'1),.___r-

2 mse<: 

Ii 
r-
© 

YONM+ J LI 

A. 

B. 

c .. 

M™ORY REQUEST (MRQY·) BE<::OMES 
ACilVE CAUSING ONE SHOT (2 msec) 
TO START TlME-OUT ANO REMOVtNG 
T;IE CLEAR INPUT FROM A FLlP-FLOP 
IN THE TtME·OUT CIRCUIT 

TWO-MILLlSECONO TtME-OUT EXP!RES 
PRC:)VtOtNG A Cl.OCX: TO FLIP-FLOP. 
SINCE MEMORY ACX:N0WLEDC7EMENT 
(Yt)NM•) lS STlLL HIGH, FLlP-P:t.OP IS 
SET, DRIVING YONM• LOW WHICH 
CL.AMPS ONE SHOT TO A Cl.EAR ST ATE 
PRIEVENTlNG FURTHER TRIGGEJHNG 

REQUESTtNG OEvtCE RECOGNIZES 
MEMORY ACKNOWLEDGEMENT 
SIGNAL ANO REMOVES REQUEST 
CAUSING Ft.IP-FLOP TO BE Cl.EARED, 
THUS REMOVlNG MEMORY A':KNOWL­
EOGEMENT .SIGNAl. 

THEORY O' OP£RAT10N 

110 control store (MC1ion .&.7.i). The starting address 11 

formed u follows: 

llroc1uor ~•Id Blt 

·CSMT+· 

Addre11 Bit 

7 
'CSMR+ 

CSTS3+ 
CSTS2 • 
CSTSl + 
CSTSO+ 
CSASl + 
Zero 

6 
5 
4 
3 
2 
1 
0 

NON TlME-OUT CONOITlON 

© 
MRC~Y-

_, ___ _ 
ONE SHOT 

YONM• LJ 
@ 

A. 

B. 

c. 

MEMORY REQUEST (MROY-) BECOMES 
ACTIVE CAUSING ONE SHOT TO ST ART 
TtME·OUT ANO REMOV!NG THE ~LEAR 
INPUT FROM A FLIP-FLOP lN THE TlME­
OUT CIRCUIT 

MEMORY ACKNOWLEDGEMENT SIGNAL 
IS RECEIVED TERN\lNATlNG THE ONE­
SHOT OUTPUT PULSE SINCE YONM• IS 
I.OW THE Ft.IP-FLOP lS NOT SET 

REQUESTlNG DEVICE RECOGNIZES 
MEMORY ACKNOWLEDGEMENT SIGNAL 
ANO REMOVES REQUEST CAUSING FLIP­
FLOP TO SE HE1.0 RESET 
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Uex>n receopt of a hicn CRQtO +.the 110 1nh1b1t 1dl• sacnal 
11101.£- coes low if all df tne tollowinc canditnons ocr:ur: 

a. The interruot·clock counter is in the !lamolinc state 
(ICA-• and ICC- h1cn. resultinc 1n IESMP + h•&h). 

b. The inh1b1tin1 s11nal of the memory protection option is 
not present (SINIO- hiCh). 

e:. The two mosH1gnifiant address bits (CBMT + and 
CBMR +) are not both ni1n. indic:atinti the request is 
not <1n interrupt sequence (IOClR- l'UCh). 

Th1t low 11101.£- causes tl'le 110 clock inhibgtor llNHC- to 
10 ti1cn. Mabling the elocks tor tl'le address counter and 
buffer (Set:tion 4. 7 .1 ). 

At ttle next IFC- c:loc:x pulse. trte address counter is loaded 
witn the starting address received trom tn• processor. Tl'le 
aeldreu i:s suciched by uie address selector when IMX.AO + 
is high. IMX.AO • is l"iigh unless a OMA operation is re­
Quested {1ir:IFIN ... Of ITRFIF ... higft). Wfl11n tne starting 
address 1:1 loaded into tl'I• counter. tn• outfer is also loaded 
w1tn tne eontents ot tne 110 c:ontrol·stor• address corr• 
soonding to tne last data in tne address r•g1ster Following 
a system reset (IFIST .. low). tne t>uthtr rec•ttv•s data from 
address zero ct tt'le control star.ii: at all otner times. tne 
data are trom the ending address Qf tne preYious 11 0 ooera- · 
tion. tn either c:ase. me data are ident1c:a1 and signals 
IEIOl...E- and ION + go ,,igM. A f'lig,, 1e101...e .. indicates tnat 
tf'le 110 c:ontrt:11 is not id!• and f1.lrtt'ler ntQuests are ignoted. 
As iong u 1e101..e .. is nigl"i !l'l• address co\lnter and butter 
ue enacled since llN1-tC-1s latcned rogn try a low IElOl...E •. 
At eac:n :suc:caeding IFC- c:lcc:x pulse. tne address counter 
is incremented and tne Outfer is loaded wm, tne eontents 
of ~Me address designated by tne address counter. 

Any 110 operation continues throu1h succ11ss1ve addresses 
ot the 110 control store until address·counter and butter 
clocks are 1nh1b•ted by e1tner of two canditions: 

a. IElOt.£•. aoes low 1nd1c:ating the end of an 110 
ooerat1on. 

b. IEWAIT • goes high 1nd1cat1nc tl"lat tne CUr?'etlt 
ooerat1on must stoo to wait for on• of the follow1n1 
utemal events to occur: 
1. Memorycycle(MAKIO + hith). 
2. New processor cycle(CRQIO + h•Ch). 
3. lntem.iot (llNTF ... htgtl). 
4. External wait line 1s active (IEXW + h•e;h). 

At the conclusion of a pro~rammed 110 c>geration, lONC· 
&oes low and. on tl'le next clock puls•. IEIOLE- goes low 
1nh1b1t1nc ci0cks for tne address a:iunter and butter 
(llNHC· low). 

Uoon c::omQ4et1on of an 1/0 operat1on. tl'le address counter 
contains data that cause IE!OL.E- and ION+ to go high. 
Thee are the first data loaded into tl'le t:1utfer when cloc:l<s 
are reenabled for the next 110 operation. 
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4.7.8 Interrupt Operations 

The interruot operations are divided into seven sut1-opera· 
tions. Eac:t't sut>-operation is snown on tne in1errwot flow 
diagram in figure 4-33. Timing waveforms are given tor tne 
01i1MaJI operation (figure 4-34) as well as tor eael'I sub· 
o~tion. 

SUS-OPERA it ON 1 
Fleter to figure ~-3! for timing waveforms of sut1..operat1on 
1. An interrupt operation is initiated when a devic:e (suc:ti 
as thereat time cioc:x or priority interrupt module) generates 
an irnerrugt reQuest (IUFIX·I low) on U'le i:iositive·go1ng 
tr·arisation of tne int1trl'\JC1t cfocx IUCX·I. The 11 O control 
men nnds a low IFIOC- to the central eontrol and waits 
tor s response. 

:su&-OPERA TlON 2 
~efer to figure 4m.36 tor timing waveforms of suo..ooeration 
~!. After some ~od of time (determined oy tl'le tyce of 
C)peratten Oeinc; performed Oy trt• central control i:irior to 
me 1nt11rn.iot reQuet), tn• central control uecutes 1 mu:ro­
instruetion tf'lat tests tor an 110 interruot (s•• sec:t1cn 
·&.3.14 tor testing metl'lod). Following tne test. tne central 
i:omroa e.iutcutu tne first rn1croin1truct1on of tne 1nterruet 
~••f'\fice routine (sff interrupt se~uence 1n Micro-Word 
Flowcl'larts 98AOS87) and generates a r11g1i C!=IQIO ... This 
mic:rc.unstnJC11on also tests tne 1nterrui:it request. If tne inter· 
ruot reQuest su;nal IAOC- was activated as a result of no1H 
or disaCled t:ly a rnac:ro instruction. tl'le central eontrct 
returns to its normal i:iroc:ess1ng ocierat1ons (snown as EXIT 
on tn• interruot flow c:nart). 

The eantrat eontrot waits (Oy exec:uting the !WAIT rnic:roinG 
struction at 007) tor tl'le 110 control to resoonc: to tne 1i19n 
C~OIO +. and continues to send tne startrng ac:dress OOC 
(see tatlte 4-26) of tne 1nterruot service routine to tne 
address selector 

SUS.OPeRA ilON 3 
Reter to figure 4-37 tor t1m1n9 waveforms ot sub-ocerat1on 
3. The 110 eontrot samotes CROIO • during tne time 
IESMP + is hu;n Following tne samo11n9. tne 1. O control 
pertorms the tollowen9: 

L Sends an 1nterruot ac:xnowtedgment (IUAX-1 low) to 
tne 110 CIUS. 

b. L.aads me starting address (CCC) tor tne I 10 interruot 
QPeration into tne address counter (llNHC- higl'I ). 

c. L.oads tne buffer w1tn tne last standard state address 
(zero il'l tne case ot a reset or previously inac:tive 11 O 
c:gntrol. 

d. Sends an acxnowledgment (IAKC1 - low) to tMe central 
c:tJntrol. 

At tnis time. tne 110 control is comm1ned and must comotete 
U'le 1nterruot oc::>eration. The only otner term1nat1on that can 
occur 1s a system reset 
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SUB-OPERATION 4' 
Refer to figure "-JS for timing "''avetorms of sub-operation 
"·The low IAKC1- ena1:11ns me central control to advance 
to its next microinstruction (ad1:tress 001) in the interrupt 
service routine. In this condition. tne central control waits 
until tr'le interrupt addres.1 is ac:cecned and transterrect to 
tr'le 110 register. At this ti~ne, th~• butter (in the 110 control) 
is loaded wim contents ot address OOC (table 4-26) ;and 
tr'le address counter is incremented by one. '!"his process 
of incrementing tne addre:ss counter and loading the butter 
continues until a waiting operation (IEWAIT + high) is 
specified by the 110 conrrol m1c:roinstruction. 

SUS-OP~A TION S 
i=ilefer to figure 4-38 tor timing waveforms of sul:l-ogeration 
S. When me 110 rn1cro1n~ruet11:1n at address OOE (tatJle 
4--26) is loaded into the t:lutfer. an 110 done signal (IONC­
low) is sent to the central c:ontrofr and the interruct address 
is loaded into me 110 regist.,. Tl'te interru1:u ooeratton tl'len 
adVancn to tl'le next m1croinstruetion (address OOF) and 
waits (IEWAIT + l"lign) tor ""• urocasscr to complete its 
1ntem.u:n service routine. 

SUef-OPERA TION 6 
i=ilefer to tlgure ..,_39 tor timing w•tveforms of sub-operation 
S. The central control responds to tne low IONC- t:ly 1n1tiat­
ing a memory cycle to fetch the instruction ac th• interrupt 
addrea. This is aCCOmf,:21iS,,ed u.Sing tl'le 110 register CCJn­

tents u the memory address. When tne central control 
aavances to tl'te first micro word of tne instruction at tl'te 
1nterruor address. me int•rruct flag is set (CINTF ... nigft). 
A h1gtt CINTI= • is sent to tne 110 control indicating tft• 
central contrCM has comf,:21ttted 1ti1 interrupt service routine 
and is in ,,,. process af exec1.<;nng tl't• interrupt rnacra 
routine. 

sua-oPeRA TION 7 
i=ilefer to figure 4-40 tor timing waveforms of sub-ocieratie>n 
7. The 110 control responclS ro !11• 1'119,, CINTF + Cly gen­
erating me 110 1nterrue>t ttag (llNTF + n111n). The l'li~1n 

llNTF • enacles tne 110 control to complete its interrupt 
service rcutine Cly remc:ivtng mci groceuor 110 request 
(IROC- l'l1g,,) Mid me cloe'< in,,ib1tor (llNHC- high). Wl'len 
retUmed to tne idle condition ('IEIOI..! + hig,,), tne 110 
contret is a~allatll• tor new 110 c1peranons. 

4.7.9 Normal OMA Operations 

Timing waveforms tor a normal l:::lMA operration are illus­
trated in tigure 4-41. A normal OMA operation is 1n1tiated 
wnen a tral)ofn (TPIX-1) or trao-ouc (TPOX-l) request is 
recetved tram tl'I• II 0 t:lus. The utemal device (usually 
a outtered intertace controuer) activates the trap signal on 
th• POSlhVfJ-90•ng edge ot ~h• interrupt ClOClc (IUCX-1). 

The trae> request produces a hign ITR PN + which <:auses 
llNHN + to go high. When the clocx counter (ICA + and 
ICC+) reac:J'tes tl'le sample state (both flip.flops reset) a 
hiUf'I l!SMP • permits recognition ot tne trap by n~aking 
lllDL.E- low and enabling tne address counter and butter 
elodts with a l'ligh llNHC-. At tne same time. a low IM:cAO + 
causes the address selector to select the trap address. This 
address is g•nerated by trap.address generation logic (in 
It<:> control) that c:o.,..,erts all trao requfft3 to unictrue ad· 
dritSM:L 

At the c:loelc guise following IESMP + ;c11ng hign. the ad· 
dnass c:ount11r is loaded w1tn tl'le starting address of t!'le 
OMA operation. The address counter grev1ously contained 
e1mer addres.s zero or t!'le last address of t!'le previo1~s I / O 
oparation. In eit,,., case t,,1s data. wl'l1ch is loaded into t,,,, Outfer. causes the 110 control to become busy (IElOt..S­
hi9'1). 

Wtten tl'le 110 control becomes busy. tne loading signal 
tL.ClAC- goes high (Inactive) i:ierm1fting the address c1:iunter 
to increment. At tne same time. tne 110 cloelc in1,1b1tor 
llNHC- is latched otf (hign) and tl'te samoling control 
IE~iMP ... is n.1med otf (low). Ttie address selector se1•1c:1on 
m11n r'herts to tl'le oroce:ssor address source. an aci.:nowt· 
ecii;ment (IUAX-1 low) is sent to tl'le 11 0 t:lus. the ctoclc 
c:c1mter stoos w1trt ICA • and ICC + low. and lllOl.S·· ~oes 
n1gn. 

At each suc:cffdin1 ~ock pulse. the address eoun ter is 
1ncr1mented H a new control word is loaded into the 
bulfer. For a trap.in operation. tl'le memory address is first 
obtained ancl loaded into tl'te 110 re11ster (in 110 data 
1001:1). The 110 ~ntrol then enters a waiting stattt and 
requests a i:irocesscr memory eyele (IEWAIT • and IRrQM + 
h•ll,). When t'l'le request is acknowledged (MAKIO + 1'11gh), 
lh• 110 contr·ol leaves the wa1tin1 state and obtains the 
tra1:1·in data. This data 1s transferred trom the 1/0 trus to 
the memory ctata bus via the 110 mu1t1clexor (in 110 data 
1001)) and the data mulhpluor (in memory control). 

At the c:ondus1on of the memory cycle. the eloc:x counter (in 
110 eontrol) is advanced with a code ot 010 by trutfer 
s1C"als I EFn + (0·2). The next clocl< pulse loads all zeros 
into the butfr. tt'lus. placin1 the 110 control bac:I< in its idle 
stat• (IEIOL.E·· low). Clocks for the address eounter and 
butter are inh1b1ted until turther 110 requests are received. 

Tra~i-out ooerations are s1m1lar to traQ·1n; nowe-ter. th•t 110 
eont:rol obtains th• memory address and then transfers 
memory data to tne 110 bus via tl'le 110 latch (in me1mory 
ei:rntrol), 110 multiplexor. and 110 register (in liO data 
1000). 
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4.7.10 High-Speed OMA C1peratlons 11mi!ar to the narmaj OMA; however. a tastet intem.aot 1:lock 
(IUC:F·I) and 110 timing ant used. Furtrtermore, a separate 
Mt ut lin• are used tor tuncttons and data ready, int11rruot 
acxnowtedgmont. trap.in, and trao-out. 

liming waveforms tor a hign-so•Nd OMA operation are 
idlustrated in figure 4'-42. A nigh•!SQeed OMA operation is 
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4.8 CONTROL·STORE WORD FORMAT 

Figure ~ sl'lows th• 6"4-0it word format C)f tfte ccntrot 
store. tn tfte Microprogramming Guide. all flelcts of me g.&..oit 
word are designated witn two letters making tftem consis­
tent witt'I ti'!• mnemonics used in tfte microorogramming 
UMmOler (MICAS). This is done by adding tft• letter F 
to au tl'le one-letter designated fields excep~ tfte A and e 
fields. The A and S fields are designated M and SS. 
respectively. 

Wsted in descending bit order. e.acn fleld eif tne word is 
describ4td in tne following c:iaragrapl"ls. 

TS FiekJ 

• l'fov•des a c::omoonent of tne c::or1trol·storn address ustd 
wt'illf"i ai conditional test is not met. 

• F'rov1d11s a c:omoonent of the address 1Jlsed when not 
c:ondit1onal testan1 if tne field is not used! tor any of tt'le 
followu'lc: 

S•lects a h .. d from tne 1nstr1.ict1on re11s1er for use 1n 
tne A or B fields ot sut:lseQuent rn1cro1nstruct1ons. 

Selec't5 1nterrucits wb1c:t1 are to be enaotect 

F'l'ov•de'S a Qof't1on ot tne t IO·seQuenct start1n1 address 
for 110 requests.· 

S..ects anotner control store wnen a pace·1ump 
rn1crcunstruc:t1on is executtd (section 4 9'), 

• Contributes to the five rnost·s1gn1fo::ant bits ot tne • 
control·store address e.xc:egt for dec:od1n1 address1n1 
(section 4. 9). 

MS Field 

• ?l'ov•des tne four least·s11n1fic:ant bits ot the control· 
store address for normal addressing (section 4. 9). 

• Masks tne four 1east·s1gn1f1c:ant bits to1· field·seiect1on 
addre:ss1n1 (section 4 9). 

MT Fiekt 

• Masks bit 4 of tne c:ontrol store adclress for field· 
se4ection address1n1. 

• ?l"rJVtClles a pof't1on of the llO·s~uenc:• staf't1n1 address 
for 11<:> requests. 

FS FM16d 

• S..ects a five bit field from the 1nstruc:t1on register for 
fitlrid· s.eteet1on addressing. 

TI4£0RY OF OPERATION 

T Field 

• Soec:1fies no cond1t1onal test1n1. 

• Sc:>tcifies conditional test1nc of a true c:ond1tton 

• Soeclfia conditional test1n1 of a false condition. 

• Oefines uncond1t1onal or cond1tional memory control. 

• Defines gage--jump ccntrcl. 

G Field 

• Spec:111a cond1hon to be tested for cond1t1onal·test 
address1nc and cond1t1onal·memory control. 

• Controls status samghn1 and control of overflow flaa. 

• Controls transfer of 1nstn.ic:t1on butter to 1nstruc:t1on 
f-Cl!ttr. 

• Controls selection of decod1n1 address1n1. 

• Controls seiect1on of pac•·1umo ooeration. 

MR Field 

11 Masks the rnost·s11ntfic:ant bit of tl'le 1nstruc:t1on· 
register 4·b•t field selected by the iS field wnen 
spec1f1ed by the AS held. 

11 Controls (in c:on1unc:t1on w1tl'I the AS and W heldSl the 
trans1er of address l l 10 or l l l l into the e held 
depend1n1 on data·IOOQ cond1t1ons. 

o ?l'ov1des a portion of the llO·seQuence starting address 
tor 110 requests. 

AS Fie6d 

11 Soec1f1es the following types of data for A and 9 held of 
next rn1c:ro1nstruc:t1on. 

Control·store output 

Fiitid selection from 1nstruc:t1on rei1ster 

PreY1ous values contained 1n A and B fields 

Value for B field deoending on data·looo cond1t1ons 

11 Provides a portion o1 tl'le 110-seQuence starting address 
for 110 requests. 
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IM Field 

• Specifies non·memory· operations ccns1stin1 of: 

110requats 

Interrupt ttac (set or reset') 

Sup~1sor mode(stt or "'set) 

Special transfer of ALU 0\11tc:iut to instruction butter and 
memory 1nout latcn. 

• SoK1fies memory oporat1ori1s ccns.st1n1 of: 

Cond1t1onal or ur1cond1 tional start or override of 
memory ctel• 

AddrtSS sourc:t tor 1T1etn01'Y cycle 

Ooerat1on to be gertormed (read1n1 or wrrt1n1) 

• Specifies data source tor B input of ALU rrom: 

G.,,eral·ouroose r'1!1sters Crec1ster tile B} · 

a rnu1t1pluor 

lnstNct1on rec1ster l6·b1tcontrol stort llttral (fields M. 
C. WR. SC. V, W, X. SM. B) . 

• Soecitl•s wcs control tunc:uona 

I.A Field 

• Specifies data sourc11 for A 1nout of ALU from: 

G.,,eral·ouroose resisters (re11ster tile A) 

G.,,eral·puroose recast.,., (tile A) sn1 tt'9cl r11nt 

Provam counter 

" Field 

• So..:rfies dest1nation~1 tor A11.u output data ta: 

Pro1ram c:ount• 

Operand rq1ster 

Sh•tt counter 

Key rq1ster (in dat21 loap) 

4-66 

•· Specifies incrementation far. 

Provam counter 

Shift cr:iuntw 

, ,.,.Ad 

• Spc1fie1 ALU operations. 

a Spec:Jfies ALU mode as arit,,met1cal or 101rc:al. 

C rield 

• Specifies ALU carry 1nout as: 

one 

zero 

stored carry 

stored c:arry complement 

• Forms g.art of t,,• lEi·brt control-store literal. 

WR Field 

• Specifies the load1n1 of ALU outi:iut data into a ieneral· 
purpose rq1sttr soec1fied by A field. 

• Forms part of the 16·btf control-store literal. 

SC Field 

• Specifien sh1ttin1 of operand register. 

• Forms p.art ot the 1Ei·b1t control·stort literal. 

V Field 

• Controls. t,,• transfer of 1eneral-ourpose register· sign to 
sn1tt ttau. 

• Forms p.1rt of l!S·b•t control-store literal. 

W Field 

• Controls the transfer of ALU output sign to c;uotient 
sign !tar,. 

• Determines direction ot operand register sh1ft1n1r. 

(c:o11t1nue<t) 



... 

• Oeterm1nes c:ontents of B field tor ntxt 1T1tcro1nstNct1on 
1n c:on1uct1on with AS held. 

• Forms part of 16·b•t c:ontrol·store literal. 

X Field 

• Oeterrn1nes that oc;ierand r•c•ster bit O is to be one of 
the follow1nc dur1n1 a sn1tt operation: 

Ope1·and rec1ster·t:11t 15 

Gen.wal·puroose rec1ster t:ut 15 

AloU output bit 15 

Zltl'O 

• Oeterm1nes that ooerand recrster bit 15 is to be one of 
the follow1n1 durinc a ri1ht·st11ft operation: 

Operand recister tut O 

G.neral·ouroose rec1ster bit 0 

Ogurand rec1ster bit 15 

Sh1tt ttac 

• i:fesets interrupt flag. 

• Sends 1umo s11nal to external mtm•>ry protection 
oc:itton. 

• Forms part ot 16·b1t c:ontrol·stor11 literal. 

SH Ft.Id 

• Sets A-input of Al.U to all ones or· ~u zeros. 

• Seter:t~ soec1al Al.U function 

• Determines that general·puroose register bit 15 1s to be 
one of tne foilow1ng durinc a le1t-srutt 001trat1on: 

Gen1tral-purpose register 011 15 (rematn'.S the same) 

G.nttral·puroose register 01t 14 

e Determines that ieneral·purpose register bit 0 is to be 
one ot tl'le follow1n1 durina a left-sn11t 001trat1on: 

Ooevand re11ster bit 15 

THEORY OF OPERAT10N 

II Oetermines that central· purpose register t:ltt l ~ IS tCI b• 
one of ttle follow1n1 dur1n1 a ri1nt·sl'l1ft ooent1on: 

.. 
Mult1p1tcat1on·s•cn Hae 

ca.neral•pUl1)0M ftCISttl' bit 0 

General·purpose reaister bit I .S 

Operand rq1ster b•t O 

Ztro 

• Forms part of tl'le l 6·btt c:ontrol· store ltttral 

B Field 

• Soee111es one of 16 generar ::iurcose •eg•stt"S """•CM c:an 
b• aoohed to the 8-1ni;iut ot the ALU 

• Soec1f1es one of tl'le follow1n1 t•gru re11sttts tl'lat can t:le 
IPOhed to tne B·tnput of the ALU 

Operand rit11sttt' 

Mtllfflory 1nC)ut r~tc:h 

110 re11ster 

Pfocnsar status word 

Operand-re11ster r11nt byte w1tl'I s11n est ended 

Ooennd-re11sttr rett oyte with s11n es tended 

Opetand·reg1ster right byte shift~ left eigl'lt 011 
pos1t1ons. 

11 Forms part of tl'le 16-011control-store111era1 

A Field 

11 Sotte1ties one of 16 g•neral puroose reg•'Ster'S .vn1cn can 
be apohed to tl'le A·1nout of tl'le Al.U 

, 11 Soec:1t1es one of 16 &er'leral-puroose registers tl'lat can 

receive ALU output data. 
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THEORY O' OPERATION 

4.9 CONTROL-STORE AOOl~ESSING 

Unlik• conwntianal computur instructians. wnicn e:.ecute 
sequentially until altered by a t:irancn instruction. eacn 
microinstruction of tf'I• V'70 s•1ries computers must 
soec1ty tf'le acldres:a of tne next microinstruction. By specify• 
ing tt'tis addrea. tne functions of instTUction decoding, 
condlttonat testing, intem.ipt nandling, and normat microin­
struction sequencing are accomplisned. 

n,. comouter"s basic instruction set is contained 1n th• 
S l2 64-bit words of the control store. Ug to thrl!'I 512 word 
control stores can be added to extend the computer's 
1nstruc:t1on· Ht. 

The 9·b1t address CEA0~(0·8) selects one of the 512 
!ddresses 1n the control store (read-only or ""'"table). If a 
m1c:ro1nstr1.1c:t1on soec:1hes ,1n address 1n anorher control 
srore. a ;:iajt·1umi:i m11:ro1nstr1.1ct1on is executed (T held 
contains 00. S held contains 10. a·nd G held contains zlxx). 
Tne c:iart1c:ular control store is selected by the 4-bit TS held. 
Wnen a system reset condition occurs. all bits of the 
c:onrrol srore address art stt to cine and pace zero (read· 
only control store) is selec:t•d. 

Tne tot1ow•n1 address1n1 rnodes comi:irisa c:ontrot store 
3dClrHs1n1: 

;i Normal 

0 Norma11 rs held 

c. F1etd u1ec:t1on 

d. Cond11tona1 testrng 

e 1nterr1.1ot 

Oec:od1n1 

4" 9.1 Normal Addressing 

The normal addressing mode is 1.1sed to sgec1fy the addrus 
of the nut m11:ro1nstruc:t1on .wnen conditional test1nc. 
1nt1rr1.1ot. and decod1n1 modr.1 ot address1n1 are not 
scec:tfred. The FS and rs field c:ontaans 0000 and tl'le MT 
field c:ontaans a c:aus1n1 address bats a through 3 to 0• 
c:ontrolled by the MS fietcl. Address bits 4 tnrouch 8 are 
c:ontrelled t:Jy the AF field (ftgurt1 4...U). 

4.9.2 Normal/TS Field Addressing 

Th1t normal/TS field mode can be used when none of the 
followin1 c:ond1tions are sgec1hed: 

a. Rq1ster-field utrac:tion (AB field c:onta1ns 01 or tO). 

b. Interrupt allowed (Sand T fields c:onta1n 00. and G held 
cant~1ns d.xz). 

c:. 110 requ~1t (S fietd contains 00. and IM held contains 
11 lx). 

d. Pa1•1ump m11:ro1nstr1.1c:t1on soec:1hed (T held c:onta1ns 
00. S field contains 10. and G fu!ld contains xiu). 

The address is formed oy 111• 1nc:l1.1sive o~ ot th• rs field 
and Oils 1 tnrougn 4 of the normal adaress (figure "4·~S). 

4.9.3 Field-Selection Addressing 

In ti,• fietd·selection mode of address1n1. the 1nstn.u:t1on 
register contents C2!n- (0· l .5) and ~ar1ous grocessor fla1s 
are used to i:i1roduc:• the five least s11n1fic:ant bats of tne 
control store address CEAOn-(0·4). Tl'lrs permits 1.10 to J2 
branc:h1n1 operations based on 1nstruc:t1on register con· 
tents. The groc:essor ftacs consist of: 1nterr1.1ct fla& 
(CINTF ... ). sMt fla1 (OSS- ). byte address ftaa (08J10- ). 
aind c:antrol-panef steo nae (NST?- ). 

F1eld setec:t1on address1n1 IS 1.1sed when the FS held does 
not c:c:inta1n 0000 (when the FS field c:onta1ns 0000. nc>rmal 
addirtss1n1 or normal/ TS field address1n1 are ~sed). Table 
4-27 lists tne s11nals that produce control store address 
bits 0 tl'lrou1n 4 tor all values ot the FS field. The listed 
s111"11als are applled to the 1nstr1.1c:tion field selector. 
Mask1n1 of tl'l:e five adaress bats rs performed by tl'le MS 
and MT fields c:ausin1 a zero bit 1n tnese fields to pr<lduc:e 
a zero 1n a c:orrespondin1 address bit (CU.On- ~11h>. 

•ddress bits 0 through 3 are masked Oy !!'le MS fiel<1 and 
bit •l by the MT field. 

Wl'litn an 110 request is issued (S held i:cnta1ns 00 a1nd IM 
hel•:1 contains l l lx). the MT field is part ot the 110 acldress 
sgec:1f1cat1on. In this c:ase. tl'le MT held is ignored and 
adclress bit 4 is masked to zero. 

J\ddress bits 4 tnrough 8 are produc:ed Oy the fl>.F fielt:1. The 
TS field is ORed w1tl'I address bits l through 4 as 1n 
riorma11 TS lif?ld addressanc. The formation of tne c:omcos· 
it• Held·seiec:tlcn address is sncwn in figure 4-46. 

a 7 6 s 4 l 2 a 

~~-----A-F-F-tE-LO~~------i---~~-M-S~ 
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a 7 6 5 3 2 0 

AF FIE1.0 MS FlEL.D I . 
INCl.UStvE 
~R 

I 0 I 0 0 0 TS FtELD 0 I . 
VTllol .. J 

'1lt;UN MS. Nomt•f/TS F1le•a Adar .. a•ng 

Table 4-27. Field-Selection Addressing Contribution 

..... -
FS FlEl.0 ms SIGNAL. SOURCE OF CONTROl..-STORE AOORESS ms 0-4• 

..,..._ 

3 2 1 0 BIT 4 BIT 3 !lT 2 BIT 1 BIT 0 

0 0 0 0 0 0 0 0 0 
0 0 0 1 0 0 0 0 CINTF• • 
0 0 l 0 0 0101- 0 osa- OBAO-
0 0 1 1 0 0 0 0 NSTP .. 

0 1 0 0 OI04- 0103- 0102- 0!01- 'OIOO-
0 1 0 1 010.S- 0104- 010:3- 0102- 0101-
0 1 1 0 0106- 010.S- 0104- CIOJ- 0102-
0 1 1 1 0107- 0106- 010.s- 0104- OIOJ-

1 0 0 0 0108- 0107- 0106- OIOS- 0104-
1 0 0 1 0109- 0108- 0107- 0106- C:2IOS-
1 0 l 0 0110- 0109- 0108- 0107- 0106-
l 0 1 1 am- ewe- CZI09- 0108- 0107-

1 1 0 0 0112- C2l11- 0110- 0109- 0108-
I 1 0 1 ami- 0112- 0111- 0110- C2I09-
1 1 1 0 CW4- C2I13- c:m2- CW 1- 0110-
1 1 1 1 Oll!i- C211~ cm:J- C2112- CWl-

··rHe LISTED SIGNAL SOURCES ARE INPUT TO THE INSTRUCTION F!ELD SELECTOR (SECTION 4 . .3). THE 
SIGNALS (WHEN SELECTED) ARE INVERTED BY THE lNSHUCTlON FtELD SELECTOR TO BECOME CFSAn-+ 
(0-4) OR CFSBn-+ (0-4) , 
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NOTES: 

11'111°/MI 

4.74 

a 1 6 5 • 3 2 o 

~-~F--Ft_e:_o ____ t __ , ____ a ___ ~ 
[NCLUSIVE OR 

TS FIELO (N_o_T_E_l_) __ ...__o ___ rJ 
[NCLUStVE <~R 

1. THE TS F'[ELO IS NOT USEC TO PRODUCE AOORESS 8tTS I iHROUCH 4 IF ONE OF THE 
FOi.LOWING CONOITTONS [S TRUE: 

iti. REGISTER FIELO EXTRACTION (A8 FIELO CONTAlNS 0 I OR 10) 
ll. INTERRUPTS ALLOW EC (SANO i FtEl.OS CONTAIN 00 ,IM FIEl.O CONTAINS 

11 he) 
c:. LIO REQUEST (S FIELD CONTAINS 00, IM FtELO CONTAINS 11 lx) 
O. P1AGE JUMP (T FtELO CONTAINS 00, S FIELD CONTAINS 10, G FIELO 

c:ONTAINS :c lxx) 

IL C:ONOITlONAL TESTING IS SPECIFtEO (T FTELO DOES NOT CONTAIN 00) 

2. WHEN AN VO REQUEST ts ISSUED (S FtEL.O CONTAINS 00, [M FTELD CONTAlNS Jllx, 
THE MT 1:IELO IS IGNORED ANO AOORESS BIT 4 IS MASKEO TO ZERO 

.· 



4.9.4 Conditional· Test Addressing 

Two acldr11SS1S mus1 be sQec:i1ied when ci2nditional test 
operation! are performed: one to be used af the condataon is 
met and one to1 b• used if th• condit101, is not met. 
Cond1t1ona1otnt addressinc · 1s sQec:1fied wnen th• T field 
does not c:onta1n 00. The T field i:antains binary l 0 if the 
condition to b• met is true (for uample. Jump if Sense 
Switch 2 Set), and a binary 11 if th• condition to be met is 
false (for uample, Jump if Sense Switch 2 Not S.t). The 
condition to b• tested is si;>ee1toed by tht1 G field (table 
4·:28). 

If 1 cenelition is met. the address is ~ro1:1uced by field 
selection addreSS1ng. If a canditaon is not met. tne address 
is produced from tl'le AF and TS fields as ~nown in figure 
"-47. 

Table 4-28. Test. Conditicms 

Conclitt0ra 

O"erllow 

I 10 sense response 

Sflf'I s• S\<111 tch 3 
Sense SY11tch 2 
S@nse SY11tct1 l 

JL1mg, J1.imo and Mark, 
a,,d E.iec:ut1on 
1nstruetu>ns 

Al.U outi:iut all ones 
ALU outout sign 
Al.U carry 
Al.U outQut is zero 

Stored sign of register 
me A cosa • > 

Sign of memory input 
latc:h 

Sh1ft·cOtJ1nter overflow 

Sign o1 pneral·purpose 
r11g1ster 0 

Normah:zed stuft 

0000 

0001 

0010 
0011 
0100 

0101 

0110 
0111 
1000 
1001 . 

1010 

1011 

1100 

1101 

1110 

1111 

TiflOR"f 0, OPERAT10N 

4.9.5 Interrupt Addressing 

Control·stor• address bits 0 throu1n 3 art producad by tl'l1 
iritem.1pt 1011c (in 110 control) and bits 4 tl'lroucn 8 by the 
AF field. 1f all of th• tollow1n1 cond1t1ons art true: 

a. lnterruots are allowed (i and S fields contain 00, and G 
field contains .zln). 

1:1. An interrupt is active. 

~ The prooer class of intttl'\.lpts is tf"labled by an 
appropriate tut 1n the TS field (taole 4-29). 

ffigure 4-48 snows the interruct addressing format along 
mm cedes for tne tnrH types of 1nterrucn cond1t1ons. 

1'able 4-29. TS-Field Interrupt Functions 

TS°Fietd Bits 

3 2 0 

0 

ln1e,,uots 

Enables 110 1nterrtJpts 

Enables t 10 interrupts only 1f 
memory protection option is 
installed 

Enables interrupt from memory 
protection oot1on 

Enables eontrol·Qanel steo inter. 
rupt 

Nott: 1 1nd11:ates irrelevant Q1t. 

4.9.6 Decoding Ada, -!SSing 

Decoding addressing performs preliminary 1nstruct1on 
decoding to detf!l'Tn1ne tl'le class1tic:at1on of an instnJc:tion. 
Oeta1l<td decoding is performed later by fieid·select1on 
addressing atter instruction Quffer contents are transferred 
to the instruction register. The pre11m1nary 1nstruc:t1on 
decoding is implemented by tne 1nstruct1on decOder and 
instruction decoding 1og1c. These elements translate the 16· 
bit 1nstruc:t1on from ttle 1nstruct1on Qutfer to the 9·btt 
control store address CE.AO,.,.. (0·8). 

4.7s 
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8 7 6 5 • 3 2 0 

~·-F-Ft_e~_o ____ 

1 

____ 0 ___ 0 ~ 
lNCLUSIVe 

~·-TS-FlELO·-~ 

[

S _L 

7 6 

S J=c:U,_PPi...L-IE-:-8 .. Y•-l-~-T-cR.._R_U:---
AF FtELO LClClC IN VO CONUOL 

·---·----

AF FtELD INTERRUPT LOOIC INTERRUPT CONOfTTON 

0 
0 
0 

VTrt-it»1 

4.-76 

0 
0 
0 

0 0 0 0 
0 0 0 1 
0 1 1 1 

ABORT INTERRUPT FOR OMA 
ST ART OF lNTERRUPT SEQUENCE 
lNHRRUPT WAITtNC FOR DEVICE TO SEND 
MEMORY AOORESS 

Flgunt """8. lntenvi:Jt AddrH•lrwJ · 



The instruction decoder consists of two ROMs each 
c:onta1nin1 sixteen l6·bit words. An option to th• WCS 
option provides selection of read1write merT1ory arrays to 
permit alternate decodin1 metl'lods. The first ROM decoder 
usH instruction buffer bits 12 throucn 15 H an address; 
tl'I• second ROM decodet uses bits 8 tl'lrouc·n 11. Output· 
s1cna& fomtats for the two ROM decoders are sl'lown in 

figure "-49. 

THEORY O,._OPERAT10N 

041Codin1 1ddressin1 is used when the T and S fields 
contain 00 and the G field contains du. If an interrupt is 
present, decodin1 1ddressin1 is 1ni'libitld and interrupt 
acldressinc is used. Oecodinc addrtss1n1 is also inn1bitld if 
the IM field c:ontains UxO. Wtien the IM field contains 
1 bO and no interrupts art present. fietd·select1on address· 
inc is used. 

FlRST ROM OECOOER OECOOEO FROM INSTRUCTION ~UFFER BITS 12-lS 

1.5 13 12 11 10 9 8 7 6 s 3 2 0 
l I I I I l r l 

32- S31· SJO- T:J2 ... 04 OCJ Id CICA:ln• (0-8) I 
[0010~ EXTERNAL SIGNAi. 
. CICCO+ ENABLES 4 I.EAST SlGNIFtCANT BITS OF 

CIOA2n• WHEN CIDSJ2 .. OR OCTJ2- ARE 
ENABLED 

CID04+ EXTERNAL SIGNAL 
CICT:32- ENA$LES. ClOAn• (0-8) TO CONTiU BUTE TO 

AO CRESS 
ClOSJO- ENASl.ES INSTRUCTlON SUFFER ms 0-3 TO 

CONTRIBUTE TO AOORESS ms Q .. J 
ClDS31- ENABLES INSTRUCitON BUFF:R BITS 4-7 TO 

CONTRIBUTE TO AOORESS BITS 0-3 
ODS:32- ENABLES CIDS20 ... ANO CIOS21 • 

S£CONO ROM OECOOER OECOCED FROM INSTRUCTION BUFFER BITS 8-11 

~-s-2_1..._s~2_0 ..... _x~x-:J ...... x~x-o..._x_;,_<2...,_x~x_s..._ ________________ o_o_A_2_n• __ ~_-_a_) ____________ ___, 

Ll~i CICXXS• 

CIDXX2+ 
---ClDXXO• 

'------·---CICXX:J+ 
'--------·--- CIDS20+ 

'---------------CIDS21 + 

EXTERNAL SIGNAL THAT SETS AOORESS SIT :Z 
TO ZERO IF CICCO+ IS ON 
EXTERNAi. SlGNAL 
EXTERNAL SIGNAi. 
EXTERNAL SIGNAL 
WHEN ENASl..ED BY CIOS32+, ClDS20+ 
ENABLES INSTRUCTlON BUFFER BITS 0-8 TO 
CONTRIBUTE TO AOORESS SITS 0-J 
WHEN ENABLED BY CIOS32 ... , CIOS:Z l + 
ENABLES INSTRUCTION BUFFER BITS 4-7 TO 
CONTRIBUTE TO ADDRESS BITS 0-3' 

fl9urw "-48. Ouq:iiut Fonnm of ROM Oec.oid«a 

4.77 
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Figur9 -4-50 shows tne deco<1lng address camoonents. Th11 
niM bits from tne first ROM decc1der ar• always us.d in 
tf'I• actdresa. The ttw most-signiftc.1nt bits trom th• second 
ROM decodw are inctusivoty OFlad into addrr.sa bits ·' 
tf'lrou;h 8 wnen CIOT32· or CIOS=32- trom tne first decoder 
is true (low). The tour least-significant bits trom th• second 
FlOM deccder are inclusivo .. f OFled into address. bits 0 

8 

FROM FIRST ROM DECOOER 

FROM SECONO ROM OECOClER 

7 

through 3 wnen either one ot the following conditions Hist 
in tn·• firs deccdr. 

a. Ct01'32- is true (low) and CICOO + is ture (hi ch). 
b. CIOS32- is true(low) and CIOOO + is true(h•lh). 

6 .5 3 2 0 

CIC.A.Jn+ (0-8) J 
·----

CIO . .A.2n+ (0·8) J 
·----

~------------~·----------~·"'--------------------' 

1=ROM INSTRUCTtON BtJFFE.R'. 

CIOSJ2- IS TRtJ e (LOW) 
OR 

CIOTJ2- lS TRIJE (LOW) 

CIOTJ2- IS T.RUE (LOW) l 
ANO 

CICCO_+ IS TRUE (HIGH) 
OR 

CIOSJ2· lS nu E (LOW') } 
ANO 

CIOOO+ lS TRUE (HIGH) 

Ml ln+ (0-.J) J 
----'-------------------....., 

CIOSJQ .. lS TRUE (L0""1 
OR 

CIOSJ2- IS TRUE (LOW) l 
ANO 

IF CICOO+ ANO CIOXX.5+ ARE TRUE (H1GH), THIS BIT CIOS20+ IS TRUE (HIGH) 
IS CONTROLL.EO BY BIT J OF INSTRUCTION BUFFER----

\ 
FROM lNSTRUCTION BUFFER: 

Agww 4-50. O.codlnv Add""• Componema 

Mlln+ (4-7) J ----"'-------------------....1 
CIOSJI- IS TRUE (LOW) 

OR 
CIDSJ2· lS TRUE (LOW) l 

ANO 
CIOS21• rs TRUE (HICH) 



Instruction buffer bits 0 through 3 art inclusiwfy ORed into 
address tuts 0 throucn 3 when either one ot the followinc 
c:ondit1ons exist: ' 

a. Clt>S30- is true (low) 

ti. ClCS32- is true(low) and CIOS20 + is true(hiCh). 

lnstructicm buffer bits 4 throucn 7 are inclu:s1'141y ORed into 
address bits O throuch 3 when either one ot the followin1 
cond1t1ons occur: 

a. CJOS31- is true(low). 

ti. CIOS32- is true (low) and ClOS21 • 1s true (hiefi). 

One esc:ec:ition to these eondit1ons for instruietion buffer bits 
4 throual'I 7 is that address bit 2 1s controlled by 
instruction butter bit 3 when Cl COO+ anct ClOXXS + are 
true (hitf't). 

4ol0 CONTROL-PANEL CJRCUITS 

The corrtrol..panel circuits (tlgu~e ._51). located on tne 
eontrol·panel board (44P064~). 1nttrlaca w11tl'I the processor 
throuch tne 110 bus. The 1nter1ace ~rcu1ts consist of tne 
110 eontrol butter. 110 bus drivers. and 110 terminators. 
Commands are decoded from the 110 t~us by the 110 
eontrol buffer. The 110 eontrol butter enaoles tttl'ler 
d1splay·rtt1ster dat.ai or pulse·re1rster data onto the 110 
bus. or aates 110 bu.s data to the c:hsplay·11~ect rq1st1r or 
the toule r911ster The l6·b1t disolay rq1ster provides 
temporary stora1e for titl'ier sw1tcl'I status Of 110 bus data 
from tl"le processor. The 4°b1t pulse register ser1ds s1cna1s to 
the proi:essor that indicate wnen the OISPL. ENTER. 
START. or BOOT switches nave been pressed. The 4°b1t 
toule rl!g1ster stores the states ot the thr•e sense sw1tcties 
and the STEP1RUN switch. In eon1unct1on with the run· 
1T1odt control. the pulse and toggle registers control the 
STEP and RUN 1ndu:ator'S. When the c:omouter is halted or 
1r1 the 1·un mode. the blink oscillator causes the RUN 
1nd1c:ator to bhnk. The dasplay·select register s11r'lafs the 
processor wt'len one of the internal mac:nme registers is to 
be aUtrOO Of d1splay<ed from the central panel. 

The 1ntl!f'ruot eontrol eircu1t aoolies interrupts to the 
processor wt'len the INT switch i:s pressed. The 4·bit file· 
address register des1gr'lates wt'lu:h one of the 16 register 
files are to be altered or displayed from ttle eontrol panel. 
Signals from control·oanel sw1tct"ies are apohed to pull·uc:i 
and det>ounc:e eircuats. Oebo1.anc:e c1rc:u1ts etiminate the 
effects ot extra signal transitions caused by switch 
contacts. Oata disolay dr1~s and lief'lt em1ttinc diodes 
r4ec:e1w clata·inc:iuts from the d1solay rei1ster. 

Detailed descnQtions of tne c:cntrol-(1anef c:ircu1ts are pro­
vtded 1n tne loltow1ng subsections. Page r1um0ers ot logic 
diagram 9180406 (System Maintenance Manual) are in 
parentn11!:MS 1n tne circuit blocx:s o1 figure ~51 . 

THEORY 0, OPERATION 

4.10.1 File Address Register 

The file address rqister stores the 4·bit addresses that 
select one of the 16 re11st1r files for eontrol·panel 
atter1t1on or disotay. The recister can be directly set by the 
tbur REG SEU:Ci switd'les (NFAl-. NFA2-. NAF4'-, and 
NFA&- ). dared by the Ct.EAR switd'I (NFACLR- ), and 
incremtnttd by th• INCR switch (NFAINC- ). NFAINC- IS. 

debouncecl by a Schmitt triUtr circuit as well as the 
debounce circuit. 

The contents of th• file address rec1ster can be 1ated onto 
th• 110 bus with the input-function transfer NF!+ from the 
110 controt buffer. When the instruction re1ister is selected 
for display, NIR + is l'liCh and an inout·func:tron transfer 
cltiars the file address register and EB02·1 is low (true). 

4. l0o2 Toul·e Register 

The toal• rec1ster stores the states of the thrff SENSE 
swetches (NSl-. NS2-, .and N~) and the STEPtRUN 
switch (NSFI- ). Eacl'I inout is uc:Jusiv.iy ORed wtth a 
complement o..itput of its corresoondin1 re11ster flip·floo. 
Th• truth table for the tout• recister IS in table 4.30. The 
rec1ster can be cleared with a system reset (NRST- low). 

The toul• r~ister c:loclil N021- eomes from tither o1 two 
sources: 

a. A low NTC><- is generated by the eloCM aentrator wnen 
any of the four switches art pressed (SENSE sw•tcnes or 
ST'EPIRUN sw1tc:h). 

b. A nicn outout-funct1on transter NFO • from the 110 
e:ontrol butter and a n11n data ready NORY • from the 
110 bus produce~ low NTC!<.l- elock. 

NFO + permits the program to c:hange the state ot the 
three SENSE·sw1tcn flip.flops 1n the touie register This is 
accomglished by rece1v1ng 110 bus srgnats NESOn • (l 3) 
and er1abling them weth NFO • to simulate the switch 
beinc pressed (using oo•n·c:ollec:tor gates). 

Table 4.30. Toggle Register Truth Table 

Before Cloc:x After Clock 
Switcn NSi· NSiF + NOii+ NSiF + 

Not pressed H L L L 
(open) 

Not pressed H H H .H 
(open) 

?res:sed I.. L H H 
(c:losad) 

Pressed I.. H L I.. 
(closed) 

Note: H • h11h: L. • low; i • l. 2. or 3: and ii • 17, 18. 
or 19. 

4.79 

• 



1/0 BUS 
llRMINAlORS t (21) 

'.!I 

1 
t 
"' 

\ 

..... 

.. 

r ~ r 
DISPLAY PULSE 
l!lGISUR REGIS UR 
(ll, I•) (16) 

i i l 

1/0 BUS 

[ 
INfUl lNCOOlR ANO 1/0 BUS OlllVUS (11, 17) 

~ 

__._ _... 
- .. 

RUN-MOOE 
.... 

ILINIC 
CONJROL OSClllAIOR 
(8) (10, ,,--, 

~ 

~~CLOCK 
I 

1 J 
JOGGU DISPLAY-

~:NfRAIOR r-t-1 llfGIUUt SfUCJION 

~) llEGISUR 

i i (15) 
j i 

l ·T .. 

SWllCHfS, OUOUNCf ANO PlJll-UP ClllCUllS (19,22) 

OAlA-OISPLAY OIUVUtS ANO UGHJ EMIHING DIODES (18,20) 

~ 

INlfRRUPJ 
CONIROL 
(9) 

r Fill ADOKfSS 
llfGISIU 

i (5) 

~ 

i.-- I 
.. 

1/0 
CONIROL 
BUfffR 
Cl1) 

I 
j 

..... 

-i :r 
~ a -c 
0 ... 
0 ,. 
!:I 
~ 
::t 
0 z 



4.10.3 c:Jocx Generator 

Th• c:tock 1enerator c:ons1sts of two ont·shc)t c:m:uits that 
1enerat• i:locks (NTCX- and NPC1 +) for th• tout• and 
i:>ulse rq1sters whene-ter any of th• four s·wttet'les as.soci· 
ated wttl'I eac:n recisttr are pressed. The on•Shot c:ircuits 
are inl'l1bitld when NTCXl- 1oes low. This oc:cun durina 
an outout-function transftr so that only oin• clock (from 
da«a ready NORY +) is applied to the tout• rtcister. The 
one-snot c:ircuits provide time for switch bounce to dampen 
prior to c:lock1n1 tl'lt re11sters. 

4.10.4 Run·Mode Control 

The run.mode control cenerates a l'\ln sicn:11 NRUN- that 
controls tl'le of)erataon of tl'le RUN 1ndic:ator. Wl'len a 
system r~et occurs. a low NRSTl- reset3i the l'\ln·mode 
flil)·floc produc:in1 a l'11gn NRUN- that pre11ents th• RUN 
1nd1c:ator from ll&Mtang. 

When tho c:omouter is placed in the MJn mode with the 
STEP 1 RUN switch. 1 hith NS?!=- enables the blink· 
oscillator s11na1 NOSC + to make NRUN- no high and low 
at a low frequency causing tne RUN 1ndiatcir to bhnk. 

Wl'len th.i START button is pressed (and t,he c:omputer 1n 
steo rnode). a l'lscn NSF• sets tl'te run·mocle fho·floo. This 
provides a low NRUN- that li&ttts the RUN indicator 
c:ont1nuoi1sly. 

W~en th«t C:OmQutef IS halted with I halt instruction. a low 
NF!T- resets tne run·rnodt fho·flop. The high false outcut 
of tne fl1c1·ftoo and a l'l•&l'I NSPF- enables NOSC • causing 
the ~UN 1ndu:ator to bhnk. The run-mode flio·flop is alsa 
set when the BOOT sw1tc:l'l is gres.sed (NEB- low) or the 
ocitson start s1cnal OPSTRT- aces low. 

4.10.S Interrupt Control 

Wl'ten the INT sw1tc:l'I is pressed. a low l'UNT- in1t1ates a 
contro1-c1anel 1nterrugt (figure 4·52). NINT- is deoounced 

N[NT· 

IUCX-1 

NINF-+> 

NIN1-

•'1'11°1614 

;...-

,.___ 
r---
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by a Schmitt triger circuit as well as the dtbounc:e circuit. 
~~iCh NiNT + and NINl- cause the 1nterrupt·c:ontro! flip· 
flop to set (NINF + l'l•Ch) on the next interrupt c:loc:!c IUCX· 
I. If th• control panel tiaa priority (PRlOX·I low) and the 
fli12·flop is set. the 1nttm.1pt reciuest IURX-1 is 1enerattd. 
When the flip.flop is Ht. NINl• 1oes tow to prevent the 
flip·ftop from l:leinc set more than onc:e tact'! time the INT 
switch is pressed. When the intem.ipt clock occurs. the 
c:ontrol l)an4" tias i:mority (PR10X·I low), IUAX·f is true 
(tow), and the flip.flop is reset. 'T'ht inttrl'\lgt-controt flip· 
flap is cleared by system reset N~STl- and htld '" the 
c:leartd state by a low NSF'!=- (stec:i mode). 

,g.10.s Blink Osc:illatcr 

ih111 blink oscillator consists of two one-snot c:1rc:u1ts 
e:oui:ited 1n a loog to preduc:1 a low.freciuenc:y squarewave 
NOSC + for bhnkint tne RUN 1nd1cator. 

Also included is a Schmitt tri11er c:1rcu1t. used 1n c:on1unc:· 
tion weth a debounc1 c:tr1:u1t. to ensure that the system 
reset SRST- is frff from oscillations due to bouncing of the 
l~ESET sw1tc:n contacts. 

.4.l0e7 Input Encoder and 1/0 Bus Drivers 

Ourinc an input·fur1e:t1on transfer. tl'lt inout encoder 
suppliff encoded s111na1s to t:uts 4 througl'I 8 of tl'le I 10 bus 
to determine the operation selected from tl'I• c:ontrol panel. 
The input function C:Odff are listed 1n table 4°31 i'ne 
bootstrap function can aenerate any one of three codes 
d11Qend1n1 on 1umoer'S A and B: 

a. If no jumpers art installed, bits 6. 7. and Sare ericoded 
for a Teletype bootstrao. 

b. If only jumper A is installed. the bits are encoded for a 
pager· tape reader bootstrap. 

c. If jumpers A and B art installed. tl'te bits are encoded 
for a disc: bootstrap. 
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. 
Table 4-31. Input Encoder. Truth Table ~ 

'j" 'j" 'j" 'j" -I 
FUNCTION = ,.... 

~ 
lt"I ... 

i i i s .... .... .... .... "" 

H H H H L PROGRAM C1:>UNTER SELECTED 

H H H L. H REGISTER E=ILE OR INSTRUCTION REGISTER SEl.ECTEO 

H H I. x x MEMORY SEL.ECTEO 

H l. H x x START 

H l. l. x x MEMORY SELECTED ANO ENT:R 

l. H H x x Tel .. ET'YPE BOOTSTRAP 

l. H I. x x MEMORY SELECTED ANO OISPI. 

l. I. H x x PAPER-TAPE ltEACER BOOTSTRAP 

l. I. l. x x OlSC SOOTS1'RAP 

NOTE: I.• l.OW, H • HIGti, ANO X • tRRELEVANT 
VTTt·l6nA 

The 110 drivers enable tl'l11 diso.lay·rq1st• outc:iuts to ti• 
transferred to tne l/O bus. When tl'le 110 bus is idle. a n1gl'I 
IEIOl..A + enables the data tnrouilft tne 110'dnvers onto me 
110 bus (ESOO·I tnrou1n EB15·1). The 110 drivers all'• 
1nh1b1tad w1tn a low display etear NOCl.R- °" a low syst11m 
reset NRSTl-. Under c:ondit1ons ·::Jtner tnan 110 operations. 
tl'I• 110 driven are enaOled for an input·data tn1nsf1tr 
(NOt • l'l11M). 

4.10.8 110 Control Buffer 

The 1/0 c:ontrol butter contains, two flip.flops (NCSRs·r­
and NFOS •) and a 4-tut h.uict1on rq1ster. When tl'le 
dev1c1 address s11nal NFAC- (cictal 77) 1s decoded <1oes 
low), ti'!• NCSRST- flip.flop is set remov1n1 the clear si1nal 
from the function re11ster. When tt\e function ready FRYX·I 
iOttS true (low), tl'le function rq1star is cloclced germitt1n1 

it fO 5amC)le lMQUts (Sff Wll'tefor:~S in figure 4-53). 

The outguts of the function re111star are used wtien the 
c:amputar is l'lalted to prO't1d• th• normal display. nie 
output s11nals are: 

a. lngut function NFI . .,. 1nd:1c:at1s that the proc:es!or 
determines the opera~1on to 0• performed. 

o. Ourput function NFO • indicates the groc:essor can set 
swilC!'IH after a power failure restart. 
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c.. lnout data function NOi • indicates the eon tents ot tne 
disc:ilay re11ster are transferred to the orocessor. 

d. Output data function NCO+ 1ndicates'tne proc:e11sor is 
seridint data to tne display re11ster. 

Exc·tpt for t1'1«t inout function, tl'lese functions c:an also be 
used under pro1ram control. 

4.10.9 Display Register 

110 data (EBOO·I tnrou1n EBl~·I) are applied to the di:splay 
rogrnrter inputs. The register ourouts (NOFOO- tl'lr1::iugl'1 

NOFT5-) are applied to tl'I• retistrr·display 1ndic:atoirs. A 
low NENAS- enables the rq1ster. The re1ister is clocked 
by MCLOCl< •. 

Wh1tn tne 110 bus is idle (IE!Ot..A + high) the register c:toclc 
pul$H are ienerated cont1n1.1ousty by a flig·lloo tl"1at is 
toggled by the interrupt <:Ioele IUCX •. In addition to be1n1 
apghed to the register dis;ilay 1nd1cators. the re·g1ster 
out1::iuts are circulated tl'lrougn the 110 data paths to the 
register inputs. 



NFAO· 

NC:BRST-

NORY· 

NFl• OR 
NFO·• or 
NOl.., OR 
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NCO+ (OE?ENOS ON I/O SUS SITS 12 THROUGH 14 ANO STATE Or NFOS•) 

A 

(FUNCTION ouri:iun 
-----exc, 77 ·--------·---OUTPUT DATA------...,.. 

NFAO-

NCBRST- J 

NFOS ... 

NFO ... AN IJ N 00 ... 

NORY· 

B 
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4.10.10 Display-Selection Register . 

The display-setectian rqister c:ontains flv• latc:h c:itC'l.lits 
whose inputs and outputs air• c:onnectild to th• five 
DISPLAY SEUCT switd'l1r.s as fo11lows: 

a. NMEM- to MEM switch 

b. NST• toSTATIJSsw1tch 

c. NIR- to I switc:h 

d. NPR- to P sw1tc:h 

e. NRF- to REG switch 

?ress1n1 any of thn• switch·"· sets th• c:r:inesoandin1 
latch (outgut is law). Th• prw1ously s•lected latch is 
unlatched wl'len NSRX- 1oes lc1w. This occun whenever an 
even numb11t of latd'ln are selected. Th• tow NSRX­
untatcl'les all latches exceot tl'I• one wl'lose switch is 
pressild. When system reset c:>cCYrs (NRSn- low), all 
latents are untatcnild. 

SWlTCH-

NFtT~ 

NPCl• 

!C17-9 

IC17-5 

REC£STER+ 

4.10.11 Pulse Register 

Th• pulse rqistw is set whene"t• the OISPl. e:NTER. 
START, or BOOT switches are pres:sild. OISPl. and ENTER 
are inhibited from bein1 set when tl'le computer is not in 
th1t step mode. BOOT is 1nh1b1ted from bein1 set wr1en the 
computer is not in the run mode. A high NOF + in1:licates 
OISP\. switch is pres:sild. a hilh NEF + indicates ENTER 
sw1tc:h is pressed. a hifh NSF+ indicates START switch is 
primed. and a hifh NEB+> indicates BOOT switch is 
prilSMd. Figure ._5' shows the timing wavetcrms tor ,,,. 
p1.1:lse generatOt. 

4.10.12 O:ata-Oisplay Drivers and Ught·Em itting 

Diodes 

The data·di:sglay driver1. which are connected to the 
outputs of the disglay re11sttr. consist of 1nverttt·s that 
drwe the ti1M·em1tt1n1 diodes. 

The li1l'lt·emitt1n1 diodes are the indicator! tor the ·:ontrol 
panel. A low s11nal ai:ioli9d to the cathode causes tn11 diode 
to 11ant: ~ l'l11fh s11nal c:auses 1t to 10 out 

NOTES: I. THE TERM SWITCH- REPRESENrs SIGNALS NOP-, NEN-, NSTR-, OR NBS-

2. rHe 'fERM RECISTER• REPRESENTS SICNAL.S NDF ... , NEF•, NSF•, AND NEB ... 

3. [Cl7-9 ANO [Cl7-5 ARE IC ?tN NUMBERS ON SHEE:i lo OF l.OClC OIACRAM 91604.C·~-A 



4.10~ 13 Switches, Cebounce, and Pull·Up 
Circuits 

The c:amrot..panet switcnes (except i:iower.) 11re mounted 
on a switcn 1ssemo1y (pin <WP0647) wnicJ."I in turn is 
mounted on tn• control panel board. Witn t,,• power switc,, 
in tno CONSOU: OISASl..E position: all switc::nes are dis­
atlled if jum~>et terminals C and e are connected tcget,,er, 
and only ST'EPtAUN and RESET switcnes ar•t disabled if 
jumper terminals C and 0 are connected tcgetr1er. A switcn 
is enabled wf'len jumper terminal C is ground11d. 

Oebounce c:m:uits eHminate sicnal bounce caused by 
swatc:n c:ontac:ts. 

Pull-up c:1rc1.11ts kHp tne sw1tc:l'l·si1nals at + 5V de: wnen 
swatcnes are open. 

4.10.14 110 Bus Terminators 

The 110 bus terminators provide ro11c lt'<teis. ot 0 and + 3 
volts for t,,e 110 bus sacnals. They also proved• impedance 
matcn1n1 for tne 110 cable. 

4.1i MICROPROGRAMMING EXAMPLES 

This :s.ec:tion provides examoles ot instn.iction imc:uementa­
tion ~ISlng v 70 micr0Qrogramm1ng. 

4.11 .1 LOA Instruction 

In tl'lis e•ample. direct addressing is used. Thtt descrigtion 
is divided into tne tollow1ng sections: 

a. Standard state 1 ot tne rnac:roorogram (SS1 M). 

tl. Standard state 2 of tne rnu:roorogram (SS2M). 

c. Standard state ~ ot tne rn1cropr09ram (SS:JM). 

d. First-m1cro1nstrUction of tne single-word addressang 
s.quence (SWA10). 

e. S.Conct m1cro1nstruct1on ot the single-won~ addressing 

sequence (SWA.20). 

f. Fi.-st U)A m1cro1nstruct1on (l.OA"I). 

g. Second l..OA m1cromstruct1on (LOA2). 

SS1M 

Initially tne 1nstruc:t1on pigeline is assumed to be emoty so 
a new 1nstruct1on must oe tetcned from main memory. The 
first m1crom!struction is oota1ned from control s:tore location 
1:JE (all addll'es:ses are 91ven m hexadecimal). ·rh1s location 
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t'las 1'1"111 lacel SSiM. wnicn is one of tne m1crocrogram·s 
standard states. 

Thti microinstruction fields at 13E are: 

~ AP MS M'l' rs '1' s G 
000 01001 0010 0 0000 00 0 1 0000 

M A& IM u t.A R .. M 

..2... 00 1000 00 00 000 0000 00 

c WR SC. V w x SH I A. 
0 0 0 0 0 00 000 0000 0000 

The function of tf\is mieroinstruction is to initiate an instruc· 
tton fetcn from me memory address specified by tne cro­
gram counter. Note that tne S field eQua1 to oi soec1ties 
unc:onditionad initiation of tn• memory cyete. The IM field 
IQICifles uM of ttie grogram counter for an address .sourc• 
and t:ri• instruction tlutter and memory input re91ster as 
desbnations tor data received from memory. The FS. Mi, 
TS .and T fields eontaan all zeros so normel mod• addressing 
i• :.oecitied. The next control store address will be 092. 
No OU'let fields ot t,,• micro1nstruct1on are pertinent. 

SS2M 

L..oc.ation 092 is anotner rn1crocrogram standard state la· 
~..a SS2M. It continues tne cirocHs ot filling the pigeline 
by initiating anotner instruction fetcn using tne incremented 
cantams of tne i::1rogram eeunter. 

Thc1 microinstruction fields at 092 are: 

us AF MS MT rs T s G 
000 00010 1 , 0 1 0 0000 00 0, 0000 

M AB I.M I.! u. R , K 

...2. 00 1000 00 00 100 0000 0 

c WR SC v w x SH B A. 

00 0 0 0 0 00 000 0000 0000 

Again tne S field is ec:iual to 01 and the IM held is eQual 
to ·1000 spec1ty1ng anotner 1nstruct1on fetcn using the pro­
gram counter. In tl'lls case. however. !he Fl field equals 
100 SQee1ty1ng tnat the program counter wail Oe incremented 
before it is used as an address. This micro1nstruct1on is 
not immediately e•ecuted sance tne previous rn1croinstruc· 
tlon initiated memory acnvaty and the memory control re­
mains eusy unttl the first instruction from memory is loaded 
into tne instruction butter and the memory inout latcn (in 
rnerrnory control). At tn1s time. eJ1ecut1on ot tne current 
rn1c:ro1nstruc:t1on is comoleted and tne next m1cro1nstrucnon 
trorn location 020 oecomes active. Normal addressing 
occ:ur.s again due to FS. TS. Mi and i fields Oe1n9 zero. 
No otner fields ot the m1cromstruct1on are pertinent. 
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SS3M 

t.ocation 020 is anotner microprogram standard state la­
beted SS3M. It c:au.MS decoding at tl'I• Instruction tetcned 
from memo;y wnile cnecxing tor intemiots. It atsa transfers 
contents of tl'le insttuction t>utfet into tl'I• instruction register 
to make room tor me ne:at instn.1ction from memory. 

Th• mictoinstrUction flefd9 at o~~O arr. 

TS AF MS KT r:s '1' s G 
1110 01101 0110 0 01:lOO 00 00 0., 01 

K A.8 tx t.I t..\ R r K 
0 00 0110 00 00 000 0000 0 

c WR SC v w x SH I A 
00 0 0 0 0 00 000 0000 0000 

This microinstruction ma11ipulat• no data l)aU'ls nor don 
it initiate any memory cyeleL Its sole puroo• is to cl'lttek 
tor interruc:its and. if mere ar• none, cause a brancn to 
tl'le required microMQuertc:.e. The T fl .. d is equal to O ;and 
trte a flefd bit O is a ano c:au:i;ing data transfer rrom tl'I• 
instrucuon butter to tl'I• instniction registar. Witn tne S n .. d 
equ.m to 00 and me G ri4tld bit 2 equat to one. int•m.ipts 
and decodet addressing are enabled. The TS fl .. d dettna 
me intemiots wnien are ttnabl•d: aH Hcaot 11 O intem.iots 
uni ... tne memory prot.ctton option is installed. The IM 
fliltd speciff• sehtction of th• interrupt rtag. If tnis rtag is 
Ht. interruots are suooreuacl.. The nag is reset by tni• 
microinstruction. If an int•rruot is active and tl'I• intem.ic:it 
ttag is not set. me next control :store addresa is OCX wf'I«• 
X designatu me tour t:11ts SUCll)lied by tn• intamJpt logic. 
This producn a t:iranctt to me intarruoc micropr09tam 
sequence. 

Asautmng no intemJQt3 ua prtsent. tl'I• new control star• 
addresl is det•muned by tl'le decoder logic. ihe instn.1c:tion 
tetcl'!ed tram memory is asaumttd ta be 1 OF9 (hexadecimal) 
or 010371 (octal). ihis is a Varian 70 sen .. UJA instruc:tlan 
w1tl'I direct addressing of tocaMn OOF9 (hexadecimal). The 
most ssgnittc:ant tour bits of tt1•t instruction t:lutf•r address 
the tlrst decoder control star• at location 1. The next tour 
bits addr ... the second decccler control store at location 
00. Th• decoder controt store contents ar•: 

1 st dltr:od9f' 

Cantrot star• 
1ocaacn 1 

Con"°' store 
location O 

B12•1 
ea-so - 1 , 000001 o . · 

Since 812 eQuals 1. tne ea.ao and AS-AO address compo­
nems are loq1cally OAed to Pl'Oduc:e an address of 1 82. 
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SWA10 

l.oc".ation 182 contains tl'1e first microinstrUcticn ot tl'I• sin· 
gl•-word addressing s.quence (SWA 1 0) tor tne instnJCtion 
tetc:l'led tram memory. It forms me etfectlve address by 
masking bits 00 trlrougl'I 1 O from tl'I• instruction register. 
~t aiJso inibatee me operand tetcl't. 

'T'h11 mieroin111"Uetton fleldS at 1 82 are: 

f'Ts AP KS MT rs T s G 
L:iooo 10010 t111 a 0000 oo 01 0000 

U Al Ul t.B I..\ R r 
0 00 0101 10 00 011 1010 

)!\ c WR SC v w x SH 8 A. I 
1 1., , 1 0 0 00 000 0000 000.£.J 

r 
.. •• • • - • • l6·t:l•t mask literal•·······"' 

TI'1e l.S field equals 1 O so me Al.U S input l'las tl'le cc:1ntents 
ot tl'le instrUc:ticn r991ster masked t:ly tl'le 1 S t:uts ot tne M. 
C, WA, SC, 'I, w. X. SH and ea tields (a zero in trrn mask 
enaCles tl'I• correSQOnding instruction register t:11t:). The 
m;ISX eQuals F800 so tl'le low order 1 1 bits ot tl'le inst1'1Jct1on 
at• used. . 

TI,e Al.U made is determined l:ly tl'le F ffetd (1010) in con­
junetion w1tl't tl'le l..S field (forces 1og1c:a1 mode) r•tsultang 
in an Al.U function ot tl'I• Al.U • a. 

The R tietd trQuals 011 so ti'!• Al.U output is loaded into 
me operanct r99ister. 

The S tleld ec:suals 01 so unc:onditlonal memory cc:1ntro1 is 
s11)1Clfied ~ tne IM lietd (0101) to tetc:l'I an ooerand into 
me m.mory ingut latd'I using tl'le Al.U outcut tor an address 
!lQurce. This m1c:ra1nstn.1ction is comoleted w,,en trie mem­
ory cycle initiated 1:1y tne mic:ro1nstruc:t1on at 092 is com­
pleted. 

i'he FS. rs. r. and MT fields all contain zeros so normal 
aiddressang is used and tne AF and MS fields specify trie 
,,.,.t control store address ot 12F . 

SWA20 

L.ocatton 1 :ZF contains tne second m1croim1truct101n of tne 
!mt;l•worel addressan9 sequence ( SWA20). It decodes Oils 



13 tnrougn 15 of the instruction register ccnte1.,ts to deter .. 
mine tne ciass of me sing1 .. word addressing instruction. 

The microinistructton fields at 12F are: 

TS Ar MS MT rs T s G 
0000 11110 1100 1 ,,,, 00 00 0000 .....;.. _____ , ______________________ ...., __ 
K A8 IM LB t.A R I M 
0 00 0000 00 00 000 0000 0 

C WR !lC: V W 
00 0 0 0 0 

X SH I A 
00 000 0000 0000 

------------------~------·----

No data manic;iulat1on or memory eontrol oc:i•rations are 
performed Cly tnis microinstruction. Ii serves only to t:>rancl'I 
tc tne soec::it1c microseQuence for tne class of singt ... word 
addressing instruction contained in tne instruction register. 
Fieldmsafection addressing is used tor this decoding (FS 
fteld is not eQual to 0000). The FS fleld is eQual to 1 1 1 1 
so trte seleCJted tietd is bits 1 i t't'lroug~ 1 5 of t,,• instruction 
register. The eomQOsite address formation is illustrated; 

s 1 45 s " 3 2 1 0 
AF field contr1t1utiom · 1 0 0 0 0 0 

or: 0 0 0 0 0 

iS field contnbut1on: 0 0 0 0 0 0 0 0 0 

Field selected from 
1nstruct1on register: 0 0 0 0 0 0 0 0 
(I• 'IOF9) 

and: 0 0 0 0 0 0 0 0 0 

Mask consisting ot Mi 0 0 0 0 0 0 
and MS ti•~ds 

Final. effective address 
produced t:>y inclusive OR: 

0 0 0 0 0 

The addre~i.s ot the next m1cro1nstruct1on is 11'\en 1 EO. 

L.OA1 

L.oc:ation , eo is tne tirst microinstruction s1gecifically tor 
tne LOA 1nstruct1on (LOA 1 ). 

This mu:ronnstruction inerements 1ne program counter and 
initiates anotner 1nstruct1on letcn from main memory. 

~r MS MT P'S 'l' s G 
, 0, 1 0101 0 0000 00 0 1 0000 

K AB IM LB I...\ R ,. M 

..2.--2..2... 1000 00 00 100 0000 0 

--c WR SC v w x SH ! A~ 
00 0 0 0 0 00 000 0000 0000 

THEORY OF OPERATION 

Thu RF field eciual to 100 specifies tnat tne program counter 
is iincrem.nted during tl'lis microinstruction. 

Th~t S flefd equals 01 so unconditional memory control is 
IQttClfled 0y tne IM field ( i 000) to tetcn an instruction into 
tne· instruction l:lutfer and input latcl'I using tne pro~ram 
counter for an address source. (Note tnat th• program 
counter ii incremented during me microinstruction so th• 
rte\., vajue ii used tor tne memory cycle) . 

No1rm., addressing is used to S!'tteify tne next m1croinstruc· 
tlo., address (i, TS. FS, Mi fields are au zero). The AF 
and MS fields define tne adciress as OS!. 

U:>A2 

Location OS! is the second microinstruction specifically 
tor tne l...OA 1nstruct1en (l..OA2) This 1T11croinstruction per­
forms tf'le following: transfers tne contents of tne memory 
in~ut latcn to me A register (FIO), transters tne instruction 
butter containing tne next instruction to tne instruction 
~ister to make room fer tne instruction wnose fetcn was 
initiated by tne micro1nstruC:tion 1 EO. decodes tMe 1nstrUC• 
Uon outter ta determine tne starnng address of tne next 
mi1crosequenca. and enec1es tor interrugts. 

ih• microinstruction fields at oes are· 

TS A.F MS MT rs T s G 
nn 0 1 , 0, 0110 0 0000 00 00 010, 

JC Al IM LB t.A R , M 

0 ("j(j (j, , 0 oi 00 000 10 1 0 

c W'R SC v w x SH a A. 
00 , 0 0 0 00 000 0001 0000 

T1'1~ Al..U S inc;iut is sQee1fied by tne L9 field (eciual to 01) 
to bit ane ot me soee1a1 registers. The B held (eciua1 to 
OCI01) aetines tne memory inout register as ttie source. 

Tt1e AL.U ogerat1on is soec1tied to oe 1n tl'le 1og1ca1 mode 
(MF ... 1) w1tn tne ALU outout eciual 10 1ne ALU B 1nout 
(Ff= .. 1010). 

The WR bit equals a one so tne Al.U outciut data is written 
in·to tne register SQ41C1tied by tne A tield (A • 0000) wn1cti 
is tne A register. This is tne execution ptiase of tne L.CA 
inS1J'Uetion. · 

The S and T fields are ootn equal to 00 and tne G field 
bit O is a one so tl"le instruction butter contents are trans· 
terred 10 tne instruction register. The G field bit 2 is a one 
so tne instruction decOder 1s enaOled and interrupts are 
cnecleed. 

The IM field equal to 0110 witf'I the SF field eciual to 00 
s.riect:S and resets tne i111erruot flag. If tne flag is set. tne 
dilCOded addres:s and interrupts are suporessed and tl"le 
ntext instruction is tetcned from location 000. All interrupt 
dassas are ~naOled as tne TS field contains all ones. It 
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an intemJpt is active and me interrupt Hag is ott. only tt'I• 
decoded address is suppressed arid tne next microinstruc· 
tlon is fetc,,ed from tn• addresa specified by tt'I• A field 
and the interrupt logic. This address is OOX wl'lere X ia 
tt'I• address supplied by m11 inten'Upt logic (X • 0). 

If no active .,,abllld interru~ts exi1st. tn• next microinstruc:· 
tton is fetel'led tram tne adctress 11e>ecified by tn• decodor 
logic. It tne instn.actton butter contains anomer single-word 
addreSSing instruction. tne neJ1t address will 0• 1 82 
( SWA 10) and tn• sequenc111 wdl b• repeated. 

Figures 4-SS and 4-59 sno"' a flcwc:nart and tne new dia­
gram of tne microinstruction seciuunce describ4td. Note tt'l•lt 
tne pipeline ettect at t>utten1,g instructions "ermits 1tfic1e.,t 
use of the memory. (A 33Q..nanosecond Hmic:onduc:tar 
memory was assumed). 

4.11.2 STA Instruction 

This exarnot• illustrat" me use <>f tl'I• eoual·•ddreu Hag 
MPt.E + (SH address comQarator in section 4'.5.4) during 
execution ot me Si A 1nstruc:tion -...~tl'I direct addressing into 
location n +- 1 (wt'lete n is 1ccatio1,, ct ST A). The operation 
is divided into tne tout seci1.1*1c:es1 as shown in figure 4--57. 

SWA40 

Microinstruction SWA""° (in tccatic>n 181) initiates a memory 

reciuest to store ccntents ot tne A register in memory 
location n + 1. 

STA2 

Ounng me memory sror. ocieration. microinstruction ST A2. 
(in location 11 A) tests tor equal addresses trcm tne grograrn 
counter and memory addr1tu liri·es. At ti'!• completion ot 
ST A2. MP\.E + is set indic:aang :ft• addresses are equ.al. 

STAX 

Mlcrcinstructton Si AX (in 1ocaho1ri 1 OA) specittes a second 
memory request operation to maintain tne insrruction "ip .. 
line. The central control c:cntin1.1es executing ST AX until 
tl'le memory store operation initiated t>y SWA""° is com· 
pleted. At tne comcletion ot tne memory stare operation, 
eont.,,ts ot tn• A register are ston1d in botl'I 1ne instruction 
t:lutf9r and memory location n •I (due to MPL.E +- ). 

SS3M 

The central control now in1t1ates tne 1nscruction fetc:n 
operation and enter.s standard srate 3 ( SSJM) to decode 
tne next instnJcnon (tne on11 just loaded into tne insrruction 
OuHer). 
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ss:.,~ (13E) 

INITIATE INSTRUCTION 
FETCH USING P 

SS2M • (092) 

INOlEMENT P 

INlTtAf! INSTRUCTION 
FETCH USING P 

SS~M • (0'20) 

oecooe INSTRUCTION 
BUFFER 

TUNSFER !UFFER TO 
INSTRUCTION aectsTER 

ENA8L! INTERRUP'TS 

SEl.ECT ANO RESET 
INTERRUPT F!..AG 

~ 

SWAIO • ( 18'21 

[MAS• INSTRUO'IO" 
UGISTU BITS 00 Ti-+RU 10. 
f.OAO OPERANO RECtSTeR 

START MEMORY OPE~ANO 
FETCH USING Al.U 

5WA40 ' (11'1' 

FtEl.C SELECTION INSTRUC· 
i rt ON REGISTU arrs IJ. 13 

1
1J. 13 

• 000 

t.OAI • <I EOl 

[INC'EMEN?' 
INlTtATE INSnUCTICN 
FETCH USINC ' 

t.0A2 • tO!S) 

COPY MEMORY INPUT 
RECIST!R INTO RO 

TRANSFER !UFF!~ TO 
INSTRUCTION ~ECISTCR 

oecooe INSTRUCTION 
BUFFER 

m.eCT RESET INTERRUPT 
FLAG 

oEcooeo s1Nc 
..i.OORESSINCi [N 

··r11.,,11.1i 

1.E wQRCI 
STRUCI1:lN 

Flguni 4-55. Flowcn•rt lor U:>A lnstnactton 
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SECTION 5 

MAINTENANCE 

Mainten11nce personnel should be familiar with tne 
contents of tnis manual before attempting processor 
trouotesnooting. The MAINTAIN Ill test i;>irogram system 
(MAINTAIN Ill Manual) contains an in:structions test 
program used to isolate a malfunc:tion to a particular grouo 
o1 instru1ction1. Furtl'!er diagnosis can tnnn be made by 
reterring to tnis manual. 

5.1 TEST EQUIPMENT 

The follow1n1 test equipment and tools are1 r.commended 
for processor ma1ntenanc:e: 

a. Oscslloscooe. Te6'tronix tyi)• 547 witn d11a1-trace pluc·•n 
unit, or equ,valent. 

b. Multimeter, Triplett type 630 or equivalttnt. 

~ Soteler1n1 iron. l!·watt pencil type. 

5.2 CIRCUIT BOARDS 

The processor and option boards are four·la1yer PC boards. 
The two outer layers provide s1cna1 1ntercon1,ec11ons for tne 
c:1rc:u1t c0mponents. The two inner layers provide low· 
1mpttdanc;e ground and pow41!f'·YOltace d1stnbut1on, and 90· 
onm m11:rostrtp transmission lines for all signals. The IC.S 
contained on tl'te boards consist of I.SI read only memories: 
MSI mult1ple:1101'$, decoders. and registers: and SSI aates 
anCI flip.flops. The controi·panef c:1rc:u1t board contains only 

two outer layers for sicnal interc:onnect1ons ot the circuit 
components. 

~t It nas been determined tt'lat circuit-board reoair is re­
quired. it is recommended that tne Sperry Univac 
1:ustomer service department be contacted so tl'lat a new 
circuit board can be installed in ti'!• user's system and tl'le 
gaulty one returned to tl'le factory for recairs. 1-fcwever. if 
1tl't• user decides to perform his own repairs. extreme cau­
~lon Should be used so tl'tat ti'!• circuit board is not e>erma-
1,ent!y damaged. Approved recair procedures should be 
followed sucn as the ~!MIS described 1n document l?C·R 0 

100A prepared oy tl'te Institute of l'rinted Circuits. 

.S~J ClRCUrT·COMPONENT ICENT1FlCATlON 

For IC c:cmpon.,,ts. the processor and oi:it1on boards nave 
loc:a~ion coordinates tl'tat are used 1n tne 1011c: d1acrams as 
retcrence desicnat1ons. For uample. a tlip-tloi:> des1anattd 
ca ,., tl'I• processor logic diagram IS in tl'le IC package at 
location row-C c:olumn-8 on the processor board. For . 
c~isuete eom"°nents. tl'te reference des11nat1ons us~ 1n 
tne 10111: diacrarns appear on tne CJrc:u1t board ad1acent to 
11acn component. 

1:or tl'te c:ontrol·oanel board, all reference des11nat1ons used 
1n tne loaic: diasrams aopear on tl't• c1rcu1t board ad1acent 
to each component. 

Parts lists in tl'te System Ma1ntenanee Manual provide a 
c:rc:iu reference between Sperry Univac and tl'le manu 0 

rac:tur911'S part numbers. 
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SEC"rtON 6 

MNE:MONICS 

' Source Identification This Hction presents an alphabetized list of l)rocnsor 
s1cnal mnemonics with de1in1tions (tat11e 6· 1 ). and d• 
scribes certain conventions used in devetopinc tne 
mnemcin1cs. 

The fi'1t letter of a sicnal mnemonic indicates the 
functional section in wh1c:n it ori11natn: 

"-'st Letter Source 

Plus 01• minus sicns are included at ~h• end of eacn 
~rocessor mnemonic:. The plus s1cn indicates the s11nal is 
1t a l'l11n ro11c:al 19Vel wnen its function 1s bein1 c:ieriormed. 
·rne m11,u.s s1cn indicates the s11na1 is at a low log1cal 19'/el 
when its function is be1n1 performed. A signal that is the 
lo11cal inv.,.,ion of anot,,er uses the sam1t mnemonic with 
an opptls1te sicn; these s11nals are C:O!'"Olements 01 each 
other. 

0 
c 
M 
I 
N 
w 
I. 
T 
A 
a 
R 
F 
y 

Cata loop 
Cantral control 
Memory control 
110 control 
Control panel 
Power supply 
Common logic: 
TTY 
PMA 
Memory l)rotect1on 
Real·tlme clock 
Pow.., fallure1 restart 
Memory 110 bus s11nal n:inemonics end with- I. 

Mnemonic: 

CASRT­
CACIOA + 

CACIOB+ 

CACJOE+ 
CACEQ1 

CSASE • 

CBA8n + 
CSAFn • 
CSAKE­
CSFSn .... 
CSGn • 
CSIEN• 
CSIMn• 
CSln • 
CSMR• 
CBMSn • 
CSMT+ 
CSSn + 
earn+ 
CSTSn + 
CC?RQ• 

COREN+ 
ctAOn­
CEAFS+ 

C[AIA+ 
CE:ATS + 
CEAl-

Table 6·1. Mnemonics 

Implements th• d1sablin1 ot a memory request 
Trans1ers contents ot instruction decOder onto 
eontrol·store address bu:s. 
Trans1ers contents ot instruction decoder onto 
con~ro!·store address bus. 

Enatlles instruction dec1:idin9 oc:>erations. 
System ra•« or cantrol...panel intemJot (STEP). 

Trans'fers contents ot re11ster·field selector onto 
control-store outo~t bus (bits 0·7). 
Two bits. AS field 
F!w bits. AF field 
Trans1ers bets from control·store output bus to A tietd 
Four bits. FS field 
Four bits. G field 
Oisables control·store outout bits 0.7 
Three bits. IM held 
64 bits. c:ontrol·store outputs 
One bit. MR field 
Five bits. MS field 
MT-field bit 
Two bits. S field 
Two bets. T field 
Four bits. TS field 
Oeteets et>ntrol·panel intt!ITT'Upt forcing control-store 
address to low state 
f»'art1al enable for in:struc:t1on decoder 
Nine t:uts. control-store address 
·rran:sfers contents of instruction field selector to 
1:ontrol-store address 
!Enables interrupt request 
s.lects TS field for control·store address 
Allows instruction field S4riec:t1on wtien T is not zero 
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MNEMONICS 

1 

6-2 

CF.CKP.+• 
CF.SK+ 
CFSAn oj• 

CFSSn oj• 

CIOA2n+ 
CIOA3n+ 
CICIO+ 

CIOJMK+ 
CIOR+ 
CIOS2n • 
CIOS3n,.. 
CIOT32-· 
CIOXXn + 
CINTF+ 
CINTS­
CC)VRM·• 
Cr!QIO 
CRQM+ 
CSAMCC: 
CSAM0'4' 
CSEQn+· 
CTEQn +· 
C:Zln­
OAl.n + 
OASSN-1• 

OAZR-

OSAO+ 
oacn­
oaSn + 
oaza-

OClr+­
OCKn + 
OC'NOC 1° 

OCNoz ... 

OCRYO+ 
OCRYl + 
OCTZ+ 
OCOn+ 
OOQS­
OEQ+ 

OFAAn + 
OFAn­
OFl3An + 
OFl3n-

0Fl.Cn + 

OF"rT• 

DF1JNO + 
OFUNl + 
DFIJN2 • 
DF1JN3 + 

Table Ei-1. Mnemonics <continu9d) 

Description 

CJodl control silf1al 
Su~sor control silf1al 
Five bits. instruction·fietd selector /4 output 
F'Ne bits. instruction·fiekl selector El output 
Nine bits. instruction decoder A2 output 
Nine bits. instruction dllC'oder A3 outout 
Output sisnat tram instn.aiction deccd•. n11n tor 110 
op.-ation 
Pl'OCessor decoded jumo c1nd mark 
Social dec:adin1 of re11ster-to-re11ster instructions 
Two bits. instruction decodlf' output 
Thr" bits. instruction dec:odet output 
Instruction decoder outpu1t 
Four tuts O. 2. 3. ~. instruction dee.oder output 
Pl'OCessor 1ntltf'l'Upt flip.flog 
When low. disables tl'I• 1nstruc:t1on dlCOd1n1 locic 
lmplem41t1ts override of mllmory req1Jat 
Processor 110 request 
RtQUests memory s~ic:• {in conjunction ••th CASRT-) 
Enables cor1ditionat c:od• c:antrol 
Enables ov4lrllow control 
Three bits. dec:oded S fielci 
Fout bits. decoded T fietd 
16 bits. instruction re11st1r outc:iut 
16 bits. ALU outc:iuts 
When n1Cf"I, the last entry to tl'I• r~istlf' file A 
addrlSI 0000 was ne11tivo 
When low. the last entry to tl'I• rec1st• Iii• A address 
0000 wa ZtrO 
Byte address 
16 bits. latc:n a feedback path 
Four t:lits, aated address fc>r r91istlf' file 8 
When low. th• last entry to tl'I• rq1st1t file a address 
000 l was Zllt'O 
Decoded carry-in to bit 0 of ALU 
Fout bits. outout of data loop key ruc1stw 
At the last c:ondition sampled. tl'I• c:.arry·out of tl'le ALU 
was true 
At tl'I• last condition sami:;iled. tl'le output of tl'I• ALU 
was zero 
Carry c:ontl'Cll l.SS. t:11t 13 c)f mask field 
Carry c:ontrol MSB, bit 14 of mask fietd 
Shift c:ount equals zera 
Carry·1n s11r1als from c:a11TY aenerator to ALU 
Quotient bit input to OF8.i110 + 
At tl'I• last c:ondition sampled, tl'I• A and 8 inputs to 
tl'le ALU Wti'9 equal 
Four bits. address for reicn:ter tile A 
lEi bits. outi>ut of re11ster file A 
Four bits. address tor rq1s.ter tile 8 
16 bits. outpµt of rei1ster file 8 

l.atc:h strobe, enables latch feedbacic patl'I. disables au 
1at1n1 patns 
When nigh, the c:ondition i!l met for a 1ump, 1ump ·and 
marlt. or execution test 
ALU tunet1on control l.SS 
ALU funet1on c:ontrol bit 1 
ALU functio11 c:ontrol bit 2 
ALU funct1ort control MSB 



Mnemonic 

OGl.AO + 
OGl.Al + 
CGLSO+ 
CGLSl + 
CGMO+ 
OGPR+ 
OGn+ 
OGRCO+ 
OGRCl + 
OGRC2+ 
CIMEN+ 
CKASB 

OKOR­
CKPR­
OKSCR­
OLAGI.+ 
OLAGR + 
OLAGS+ 
01.SGI+ 
01.SGM+ 
Cl.SGS+ 
01..SMX..,; 
01.Sn+ 
01.Cn+ 
01.TZ+ 

OMFC+ 
OMOOE+ 
OMXn­
OORn+ 
OOSn+ 
OOVF+ 
OOVSMP • 

OP~n + 
ORCS+ 
ORCl + 
ORC2-
0RCJ­
ORC4+ 
ORC6-
0RC7-
OR47 + 

OSCON + 
OSCn + 
OSGN+ 

OSGn+ 
OSHFTn + 

OSLOO+ 
OSM1-
0$Pn + 
OSROV+ 

OSR15 ... 

Table 6·1. Mnemonics (contmu.a) 

0.scri~ttion 

u1tcn A control I.SB 
L.ntch A contrcl MSS 
u1teft B control LSS 
L.ntcn B control MSS 
Al.U mode centre! bit bi~ 15 of mask 
Gates tl'I• P rqist1t throu11n latch A 
011COdin1 sicnals of lower two bits of SH field 
R1111st1t control 1.SS (R fiftld) 
R1t11st1t c=ntrol middle bit (R field) 
R111ister control MSS (R field) 
Enables multiplication sicn bit to bit 15 of latch A 
Clock to eantrot-store buthtr bits 8 througt'I 31 and O 
tt'lroucn 3 
O~and rq1ster clock 
Pi·ocram eounter clock 
Sh1tt c:aunter clock 
G.1tes file A data shifted l11tt thrcuch latch A 
G.1tn file A data stutttd ricnt throuah latc:n A 
G.ates tile A data straight throucn latch A 
G.ates I rqistar tl'lroucl'I latch 9 
G.ates maslil fietd througl'I latch e 
Gates file B data stra11nt through tatcl'I e 
Goates a multiplexor through latel'I 8 
16 bits. latcn B outputs 
US bits. latel'I A fffdback pat!'\ 
n,. ci,,rrent eontents of the I recister bets 3·8 and 
bit O are zero 
O••ta loop full clock distribution 
01ecoded mode control to Al.U 
rn bits. outeut of B mult1pluor 
16 bits.; outeut ot ooerand re1ister 
2 bits. decoded control signals to ooerand register 
When nian. the ~.rfow fl<•c is set 
There is O'ler'flow, 1f the sample cond1t1on is on (set 
010VF +) 

ltS bits. outout of program counter 
Increments Sl'l•tt counter 
I.Clads procram counter 
l.c1ads srutt counter 
l.c1ads ooerand re11ster 
Increments procram counter 
t.uads data·looo key re11st1tr 
l.e>ads ooennd re11ster and increments program counter 
ORC4 or ORC7 
Enables sl'l1tt· or operand register · (bat 11 of mask field) 
Five bats, sn1tt counter cutouts 
Att tl'le last cond1hon sampled. the output of tl'le Al.U was 
n~atxve 

Cany·cerierating signals from ALU to carry generator 
Three bets. controls latch A 01ts lS and O tor sn1tt 
Ql>erations 
Mlult1plesed shift lett input to operand register 
Trans1en multiplication s11in bit to Ott 1 S of latch A 
Carry prooacating signals trom ALU to earry generator 
Enables set or reset of ov•er11ow flag according to 
cunterits o1 control·store butter 
Multiplexed sl'11tt ngtlt 1n1:u.1t to operand register 01t 
1!5 
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Mnentanics 

OTCNO+ 

OTKL-
CV+ 
ow .... 
OWC:F+ 

OWCN-
oxn ... 
OXZR-

OZT$-
03RC7-
IAKC1 
IMAn+ 
IR.An,.. 
IROn• 
ISAO 
ICA• 
JCS+ 
ICC+ 
ICO+ 
ICCOB• 
JC01 + 
IC02B• 
rC038• 
IC04'' + 
ICRY,.. 
IOCIR+> 
ION-+• 
JONC-• 
JORY+ 
JEFn· .. 

IEIOU-
IEJMR+ 
IESMP.;. 

IE'NAIT• 
rEXW+ 
IFC• 
IFRY • 
1t-te .... 

IHSO• 
lllOLS-
lllT• 
llNHC-
llNHF• 
llNHN+ 
llNTF ... 
JJMRK • 
ILCAI>-
IMAn• 
IMXAO• 
INSO+ 
1ooc ... 
rowe 
IRAn + 

5.4 

Table 6-1. Mnemon:ics (continuc> 

Description 

When hicn, th• c:urrtnt test bein1 aatlld through th• test 
multiplaor is true 
When low, enables sample tust Hap 
v fietd bit 
w fietd bit 
Enables data to be written i1ito rqistw files (bat 12 
of mask fietd and WR field !)it) 
When low, enables data to be writttn into rec1ster files 
T'WO bits. eontrat operand re111ster (X field bits) 
When low, the last entry to the X rec1·ster (file 
address 0010) was zero 
Wtlen low the ALU output is zet0 
ORCJ or ORC7, either loads operand resister 
110 acknowledgment of 12rocasaor request (CROIO +) 

Ei1nt bits. 110 multipluor outi:iuts 
Ei1nt bits. outputs of address eounttr (in 110 eontrol) 
16 bits. outcuts of 110 eontr12l·store 
Byte lddras 
lntem.ipt dock 1enerator. ftip·ftoo A 
lnterrugt clock 1enenitor, flip-flop a 
lntem.igt clack 1eriwator. flip.flog C 
Interrupt clock cenerator, flip.flop O 
Cantrot si1,,al for 110 multiplexor (in 11'0 data loco) 
Cantrol si1nal far 110 multtpluor (in 11'0 data leap) 
Cantrol s11nal for 110 r911st11· (in 110· data loop) 
Cantrel s11nal for 110 ret1:U•• (in 110. data loop) 
Etlables 110 drivers (in 110 d!ata IOOD) 
Reserved for future use 
When l'liel'I. th• processor is able ta s11N1ca 1nttm.1ot 
110 done t1a1 sent ta proc:~ 
110 done s11nal s..,t to i:iroc•tSSOI' 
ORYX-I, IUJX·I and ORYF·I ti·min1 sicn:al 
ihr" bits. least s1cnifiation bits of 11·0 
control-store word (butter output) 
Idle enable nae 
Enable IUJX·I 
~mple period of normal 1nt1tT1.1pt eloclJC 
Wait enable flac 
Ez1t utemat wait 
Full elock, 16! nanosecond period 
FRYX·I, FRYF·I. and ORYF·I t1m1n1 s11nal 
~'iatf. c:lock, 165 nanosecand period. 180 degrM phase 
st11 ftld from I FC 
HiCft·SDeed OMA flip.flop 
ln,,ibit idle 
Inhibit ttmin1 
ClocJc 1nh1b1tor 
lntem.aot c:lock inhibitor, fast rate 
lntem.ipt c:lock inh1b1tor, normal rate 
110 intemipt flag 
Decoded interrupt for a jum~ and mark instruction 
Loads address "into address c:ounter 
Eiiht bits. 110 rnult1ple1or outputs 
110 c:ontrol rnultrolu:or sllector 
OMA llip-floo 
Res.,..,ed lor future use 
Word/byte 
E:igtit bits. outouts ot addres:1 c:ounter (in 110 
control) 



Mnemonics 

IROn+ 
IRQC+ 
IRQM+ 
IRST• 
ISMF+ 
ISMI 
ISRO+ 
ITRPF+ 
ITRPN+ 
IUAF+ 
IUAX+ 
IURX ... 
IWLMC• 
IWRMC­
IXASA3+ 
IXRSA4+ 
KKC2+ 
MASE• 
MAKIO• 
MAKO• 
MAMn+ 
MASl.n + 

MCOFC­
MCOHC­
MC?A+ 
MC?9+ 
MCRA+ 

MC~B• 

MCRP+ 

MOSE+ 
MOMn+ 
MONC­
MFC­
MHC• 
MILn + 

MIMCn+ 

MIMNZ­
MIOLn + 
MIOW• 
MIRA-

MIRS+ 

MIRP+ 
MMIL­
MMIOL­
MMll­
MPl..E+ 
MQC­
MRQ­
MRQSC+ 
MRSl + 

MRS2+ 

Table 6-1. Mnemonics (cointinued) 

16 bits, out~uts of 110 control store 
lnt•rrupt reQu•st from 110 control to proceascr 
11.0 rtciuested by the memory 
110 reset 
Reserved for future use 
Procram 1nt•trrupt pendin1 
Sense flip· flop 
Fast trap request 
Normal trap request 
lntvruot ac!ilnowled&ment fast 
lritef'f'upt aeknowledament normal 
Pfocnm internJpt 
110 wt'ite. l.ift byte 
110 write. rict"t byte 
Bit 3 of attrnat-reciuest seciuence address 
Bit 4 of txternal·request sequence address 
165 nanos~:ond clock driver 
Transfer$ ac~dress to memory addr~1s bus 
Memory cor1trot acknowled&es 110 
When hicf'i. th• PMA reques~ IS ICCllQted 
115 bits. memory address mult1piuor output 
Two bits. s1tlect1on s1cnals for m~c>ry address 
rnu1t1pluor 
16!1 nanosecond full eloc:k. 1ated 
165 nanosecond half ctoc:k. cated 
Phase A ot ctock lef"lerator 
Phase B of clock cenerator 
When hich. th• processor request is accepted on 
pos1ti~ edt:e of full ctoc:k 
When nigh, the proc:essor request is accepted on 
necat1ve ea;e oi full clock 
When high. the priority locu: enables th• processor's 
memory ret~uest 
When l'l1gh. enables memory data bus drivers 
16 bits, mcttT'lory data multiplexor outi:;iut 
Memory dcne 
165 nanosecond full clock 
165 nanosiecond half clock 
16 bits. output ot memory input latch 
Two bits, sitores bits 0 and l ot IM field to soec:1fies 
read/write ooerat1on-
Goes low .,.,;,en IM field bits 2 and 3 are not both zero 
16 bits. 0\11tput of memory 110 latch 
When h11h. a memory write oi:ierahon for 110 data 
When low, an 110 memory request is ac:c~ted on the 
positive edge ot the full cioc:k 
When htgh, an 110 memory request is accepted on negative 
edge of full clock 
When hi~. an 110 memory request is enabled 
Loads mernory data into memory input latch 
Loads mernory data into memory 110 latch 
Loads mernory data into instruc:t101n buffer 
Address c:i2mparator output 
Osc1llator clOC'', 
Memory rl!Quest fT'om control sequencer 
Memory rl!Que:st sampling clock 
Memory 5,equenc1ng fhp· flop l 
Memory s.equenc:1ng flip. flop 2 
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MRS3+ 
MWl.Y+ 
MWRY+ 
MY.An+ 
Mlln + 
se:Rx + 
SMRQ+ 
XC:SEN + . 

Table 6-1. M1r1emonics (continued) 

Description 

Memory sequencill'tl Hip.flop 3 
1.tft·llyt• controt trOtm memory writin1 dnver1 
FU1ht·byt• controt from memory wr1t1n1 dnvers 
15 bits. memory address bits 
15 bits. instruction recister outputs 
Sense response. 
Reserved for tuture use 
When n1cn. enables tne eontrol·store (read only) 
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