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go to START; 

end 

DR:=BUFFER_DATA(SVAR,BMR); 
SR:=l; 
\·iait for STORE command; 

BUFFERSEARCH(SVAR,BMRJ; 
If (HEF=l) then go to SCUSTORE; 
if ((BT=lJl(BR=ll l(BBMID<BMRl1 then 

cal 1 RELEASECBUFFER_ENTRY); 

go to BSTOP.E; 

end 

BUFFER_DATA(SVAR,BMRl:=DR; 
return; 

call PSDSEARCH(SVARl; 
if (SR=2) then return; 
if CT=ll then begin SR:=4; return end 
If (R=l) then begin SR:=S; return end 
PSA:=CPXPT+PARIDll IBYTEID; 
DR:=STORAGECPSA,BMRl; 
Sft:=l; 
wait for STORE command; 
go to BSTORE; 

call PSDSEAP.CH(SVAR); 
if (SR=2) then return; 
If (T=ll then begin SR:=4; return end 
lf (R•ll then begin SR:=8; return end 
PSA:=(PXPT+PARIDll IBYTEID; 
STORAGE ( PSA, BMR): =DR; 

2.3.3.6 1/0 Fetch/Store Command 

START: call BUFFERSEARCH(SVAR,BMRJ; 
If (NEF=ll then go to SCU; 
if C CBR=l) I (B£l'll D<Bl1R) l then 

beg In ca 11 RELEASE ( BUFFER_ENTRY); 

2. 3-"7 
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go to START; 

end 

If (BT=O) then BT:=l; 
DR: =BUFFER_DATA(SVAR, Bl·lR); 
SR:=l; 
wait for 1/0 STORE command; 

call BUFFERSEARCH(SVAR,BMR); 
If (NEF=l) then go to SCUSTORE; 
If ((BR=l)l{BBMID<Br·iR)) then 

begin cal 1 RELEASECBUFFER_ENTRY); 

go to £\STORE; 

end 

If CBT=O) then BT:=l; 
BUFFER_DATA(SVAR, BMR): =DR; 
return; 

call PSDSEARCH(SVARl; 
if (SR=2) then return; 
if (R=l) then begin SR:=8; return end 
PSA:'-'(PXPT+PARID) I IBYTEID; 
DR:=STORAGE(PSA,BMR); 
SR:=l; 
wait for 1/0 STORE command; 
go to BSTORE; 

call PSDSEARCH(SVAR); 
If (SR=2) then return; 
If CR=l) then begin SR:=8; return end 
PSA:=(PXPT+PARID) I l[lYTEID; 
STORAGE(PSA,BMR):=DR; 
return; 

2.3.3.7 Test and Set Lock Command 

START: call [lUFFERSEARCH(SVAR,BMR); 
If (NEF=l) then go to SCU; 
If ((ElT=l) l(llR=l) ICBEll·llD<BMR)) then 

begin call RELEASE(BUFFER_ENTRY); 

2.3-8 
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go to START; 

end 

X: =BUFFER_OATA(SVAR, BMR); 
If CX<O>=l) then go to BFETCH; 
BUFFER_OATA(SVAR,BMR):=OR; 

OR:=X; 
return; 

call PSOSEARCHCSVAR); 
If (SR=2) then return; 
If CT=l) then begin SR:=4; return end 
if (R=l) then begin SR:=8; return end 
PSA:=CPXPT+PARID)JIBYTEID; 
X:=STORAGE(PSA,BMR); 
if CX<O>=l) then go to SCUFETCH; 
STORAGE(PSA,BMR):=DR; 

OR:=X; 
return; 

2.3.3.8 Reset lock Command 

2.3-9 

The functional procedure of Reset lock Command Is 
Identical to that of Store Command (Ref. 2.3.3,3). Further 
restrictions on execution and sequencing are specified for 
both Test and Set Lock and Reset lock commands; please refer 
to Section 2.3.5 for details. 

2.3.4 Control Commands 

There are nine control commands, namely: 
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SET PRIMARY STORAGE REGISTERS 
SEARCH PRIMARY STORAGE DIRECTORY 
EVALUATE HASHING FUNCTION 
PAUSE 
INVALIDATE HIGH SPEED DIRECTORY 
INVALIDATE HIGH SPEED DIRECTORY ENTRY 
RELEASE PAGE 
RELEASE SEGl.\ENT 
RELEASE BUFFER 

2.3.4.1 Set Primary Storage Registers 

START: 

Remark: 

PSDOR:=SVAR<0-15>; 
PSDMR:=SVAR<l5-31>; 
return; 

2.3-10 

Bits 32-39 of SVAR are ignored. If bits 15-31 are not of 
the form 

+-----------------------------------+ 
100 ••• 011 •••••••• 11 
+-----------------------------------+ 15 15+k 15+k+l 31 

for some k, incorrect operation of the PSD may result. 
(Ref. 2.2.2.1 for the definitions of PSDOR and PSD~R). 

2.3.4.2 Search Primary Storage Directory 

I: =NOML(SVAR); 
START: K:=(PSDORI IB'OOOOOOOO')+I; 

PSDE: =PSD( K); 
If ((V=O)&(T=O)) then begin SR:=2; go to FINIS end 
If (ESIDI IEPID~=SEGIDJ IPAGEID) then go to NEXT; 
If (ELPRID>PARID) then go to NEXT; 
If (EHPRID<PARID) then go to NEXT; 

FINIS: DR:=B'OOOOOOOOOOOOOOOO' I IK; 
return; 

NEXT: l:=(l+S)t,[PSDl·:~J JB 1 11111111 1 ); 

go to START; 
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Remark: 
This command searches the first PSO entry associated with 
the given SVA, Independently from the fact It Is valid or 
DQJ;.. If It finds one, It returns' the PSA of that entry 
(D'OOOOOOOOOOOOOOOO' I IK) in DR. If It does not find one, 
It returns the PSA of the next entry not In use. Such PSA 
may then be correctly used to make an entry associated 
with the given SVA. (Please compare with the PSDSEARCH 
procedure In Section 2.3.2.1.) 

2.3,4,3 Evaluate Hashing Function 

START: I :o•H(SVAR<0-26>); 
OR:=B'OOOOOOOOOOOOOOOO' II I 118 1 000' 
return; 

Remark: 
The!! function Is the pseudo randomizing function which 
maps a 27 bit field Into a 21 bit field and is used to 
evaluate the nominal PSD location associated with an SVA 
(see Section 2.2.2,2), 

2,3,4,4 ~ 

The Pause Command forces completion of all previous 
commands to that port before Initiation of any of the 
commands following the Pause Command (see Section 2,3,5), 

2,3,4.5 Invalidate High Speed Directory 

The whole High Speed Directory Is Invalidated. 

2,3,4,6 Invalidate High Speed Directory Entry 

The High Speed Directory copy of the PSDE associated 
with the SVA specified by SVAR (if any) Is Invalidated. 

2.3.4.7 Release Page 

START: call BUFFERSEARCHCSVAR,BMR); 
If CNEF=l) then return; 
call RELEASE{BUFFER_ENTRY); 
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go to START; 

Remark: 
SVAR contains the page address and BNR contains the page 
mask (K=l3). 

2.3.4.8 Release Segment 

START: call BUFFERSEARCH(SVAR, BMR); 
If (NEF=l) then return; 
call RELEASE(BUFFER_ENTRY); 
go to START; 

Remark: 
SVAR contains the segment 

segment mask CK=24), 

2.3.4,9 Release Buffer 

l : =1; 

address and BMR contains the 

START: BUFFER_ENTRY:=BUFFER(I); 
cal 1 RELEASE(BUFFER_ENTRY); 

If (l=N) then return; 
I:= I +l; 
go to START; 

Remark: 
This command releases every entry In the Buffers. 

2.3.5 Command Execution and Sequencing 

Every PSS command which modifies data in the PSS will be 
executed 1n such a way that from the point of view of any 
port of the PSS the command has either not yet been started 
or has been completed, It should noted,ho~1ever, the command 

fetch/store (or lLQ__f~tch/sto_u>J Is considered logically as 
two cor.i,11ands issued in sequence, i.e., a fetch cor:1r.i?nd 
followed by a store command (or a 1/0 fetch followed by a 
1/0 store), 

In addition the PSS guarantees that commands issued from 
a given port will be executed, as far as that port can 
det<>l'.J.!Line, in strict order. 
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However, the PSS does not guarantee that any sequence of 
fetch, store and fetch/store commands (and their respective 
1/0 commands) Issued by one port will be seen by another 
port as having occurred In the same qrder. 

For example, assume that two SVA's A and E contain the 
values a and band the following commands would be executed 
by two ports: 

A:=c 
B:=d 
Y:=VALUE(B) 
X:=VALUE(A) 

Y:=VALUE(B) 
X:=VALUE(A) 

For Port. 1 the values of X and Y will always be c and d 
respectively. Port 2, h01·1ever, may see all of the following 
combinations: 

11 111 IV 

Y=b Y=b Y=d Y=d 
X=a X=c X=a X=c 

llhlle situations I, II and IV are consistent 
random placement of Port 2 commands with respect 
commands which still preserve relative ordering, 
Ill ls not. 

~II th the 
to Port 1 
situation 

In order that the user of a port may eliminate the 
possibility of case Ill, three commands are provided, namely 
Test and Set Lock, Reset Lock and Pause. 

The Test and Set Lock command will guarantee that 
a. no access to the data word will be allowed between the 

testing of Its first bit and the storing of the whole 
new value (if performed) 

b. no command issued by the same port after the Test and 
Set Lock command will be Initiated before the Test and 

Set Lock command itself ls completed. 

The Reset Lock command will guarantee that 

a. a 11 commands is sued· by the same port before the Reset 
Lock command will he completed before the Reset Lock 
command itself is initiated. 
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The Pause command will guarantee that all commands 
Issued by the same port prior to the Peuse conman<1 1·ii 11 he 
completed before any co171r1and issued to the s<>me port· 
follm~.ln& the Pause commanrl 1·1111 be lnltlate<l. 

This implies that the 
procedures from two distinct 
above to occur. 

a. E.ru:.L.l. 

l: Test and Set 
If Ctest_blt 
A:=c 
Reset Lock R 
B:=d 

Port 2 

L: Test and Set 
If (test_blt 
Y:=VALUE(B) 
X:=VALUE(A) 
Reset lock R 

b. Port 1 

A:=c 
PAUSE 
B: =d 

Port 2 
Y:=VALUE(B) 
PAUSE 
X:=VALUE(A) 

following combinations o~ 
ports will not allow case Ill 

lock R 
= 1) then go to l 

Lock R 
= l) then go to l 
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2.4 l/0 OP!;RAT!OMAL PROCEDllflF.S 

2.4,l Introduction 

The Primary Storage Subsystem, like any other system, 
will respond meaningfully only If proper operational 
procedures are followed. In this section, normal procedures 
for various block transFer operations are presented. 

Following are several general remarks. 

a. It Is usually required that for each block only one of 
the procedures ls In progress at a tfme. 

b. The term "block" is used to denote a block of data 
corresponding to an entry In the PSD which can be of 
size from one paragraph to one page, 

c. In order to guarantee proper functioning of the PSD, 
It is necessary that every operation which modifies 
the contents of any val id PSD entry be followed by an 
Invalidate High Speed Directory Entry command, In some 
cases, it may be necessary to lnval !date the whole 
High Speed Directory with the Invalidate High Speed 
Directory command If a procedure may have riodlfled 
unkn01:n PS!JE's. 

d, With minor modifications (on the updating rsn entries) 
the procedures can he used to transfer consecutive 
blocks up to t~e size of a segment. 

2.4.2 Block Output Procedure 

This procedure guarantees to output the latest copy and 
that further nodifications to the data hy non-1/0 commands 
cannot be made without change of R to 0 in the PSO entry. 
The execution of the proce<lure may leave data In the Buffer 
Storage Unit with BT=l. 

procedure BLOCK_OUTPUTC BLOCK_SVA, BLOCK_LENGTH); 
START: Search Primary Storage Directory (BLOCK_SVA); 

PSDE:=PSD(K); 
if ((V=O) l{T=l)) then go to ERROR_EXIT; 
T:=l; 
R:=l; 
PSD(K):=PSDE; 
Invalidate High Speed Directory Entry (PSDE); 
loop on I fron1 BLOCK SVA to (BLOCK_SVA+BLOCK_LENGTH) 

1/0 Fetch (I); -
T: =O; 
PSO(K):=PSDE; 
lnvalirlate High Speed Directory Entry (PSDE); 
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V:=O; 
PSD(K):=PSOE; 
Invalidate High Speed Vlrectory Entry; 
end 

2.4.5 Block Scratch Procedure 

2.li-2 

This procedure guarantees no future normal reference of 
the block can be narle after the niock Scratch operation. No 
data of the block will he left In the Buffer Storage Unit. 

procedure BLOCK_SCRATCHCBLOCK_SVA); 
START: Scnrch Primary Stora~e Qirectory (BLOCK_SVA); 

PSDE:=PSD(K); 
If CCV=O)f(T=l)) then go to ERROR_EXIT; 
V:=O; 
PSD(K):=PSDE; 
lnvallrlate lllgh Speed Directory Entry (PSDE); 
Release Page (BLOCK_SVA); 
end 

2.4.6 Block Allocation Procedure 

~ew entry In the PSD Is entered 
newly allocated block. 

corresponding to the 

procedure BLOCK_Jl.LLOCAT I ON( BLOCK_SVA); 
START: Search Primary Storage Directory CBLDCK_SVA); 

PS[lE:=PSD(Kl; 
If {V~=O) then call OLOCK_SCRATCM(OLOCK_SVA); 
Se;irch Primary Storage Directory (BLOCK_SVt.); 
PSOE: =NE\l_ENTRV; 
PSO(K):=PSl'E; 
end 

This procedure can be merged with Block lnrut Procedure· 
If Initialization ls also provided with the allocation. 
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end 

2.4.3 Block Input Procedure 

This procedure makes a new copy In the Primary Storage 
Subsystem. All future references are guaranteed to get this 
new copy, Further modification to the data by non_l/0 
commands cannot be made without change of R to 0 in the PSD 
entry. The executions of the procedure may leave data In the 
Buffer Storage Unit with BT=l and BR=O. 

procedure !ILOCK_I f!PUTC BLOCK_SVA, CLOCK_LENGTH); 
START: Search Primary Storarn Directory (BLOCK-SVA); 

PSCE:=PSD(K); 
If ((V=O) ICT=l)) then go to ERR0R_EXIT; 
T:=l; 
R:=O; 
PSO(K):=PSDE; 
Invalidate High Speed Directory Entry (PSCE); 
loop on I from BLOCK SVA to (BLOCK_SVA•BLOCK_LEN~T~) 

1/0 Store (I); -
R:=l; 
T: =O; 
PSD(K):=PSCE; 
Invalidate High Spp.;d Directory Entry (PSDE); 
end 

2.4,4 Block Swap Procedure 

This procedure guarantees to output the latest copy and 
that no further normal reference of the block can be made in 
the PSS. The execution of the procedure may leave data in 
the buffers with BT=l, but they may not he referenced by any 
non-1/0 commands, 

procedure BLOCK_S\IAP ( !'. LOCK_SVA, CL OCK_LEHGTfl); 
START: Search Primary Stora~e Directory (BLOCK-SVA); 

PSDE: =PSD( K); 
If ((V=O)l(T=l)) then go to ERROR~EXIT; 
T: =1; 
R:=l; 
PSD(K):=PSDE; 
Invalidate High Sneed Directory Entry (PSDEl; 
1 oop on I fr on 8 LOCK_S'I A to ( RLCCK_SVA+f\LOCK_LEMGT'!) 

1/0 Fetch (1); 
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3.1 lf 1TROOUCTIOtl 

The CPntral P.rocessinr- Unit (CPU) ls thf" unit 11hich Is 
responsihle for most rlata rrocPssln~ functions ( as rllstlnct 
from sirripl0' d:~ta transfGr functions ) in th0 :t'\SCOR/132 Di!ta 
Proc~ssing Systcn1. 

There can he MOrP than on0 CPU 2ss0cl~t~ri ~rit'i ~ ~iven 
system. 

~Je will att~~rt to intror'tice tlie v~rinus ch2r2it~ristirs 
of the CPU In a lor:iccil sc>quencP. In so,co inst<'nces, 
how0vr>r, it ts dlffictilt to avoid refPrences to ri>t1>ri2l to 
be covcrc>d later. This is partlculcirly true In discusstnr: 
exceptional conrlitlons; Section 3.10 v1!ll rliscuss·enrl revle1: 
the handlln3 and rneanln~ of such conrlitlons. 
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There are E~ General Purnosc Re~isters (GPR), numbered 0 to 
63, each 32 bits wide. 

The General Purpose Registers are the main operational 
re~lstcrs of the CPU, l, 0 ,, they are used as operands hy 
most operations, They are ~cneral purpose In the sense that 
they may be used to hold any type of operand: 

o program virtual addresses 
a lndexina and disrlacement quantitias 
o logical operands and condition codes 
o arithmetic operands of cill types 

Althouzh SPR 0 can be used for any normal GPR operation, It 
plays a special role as part of tne program status block: 
Its contents are SdVed and restored In conjunction with any 
status S\·Ji tch in;; Of)('r0t ion. 

GPR 0 Is also referred to as the Link Address Re"lster 
( LKN\). 
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3. 3 PROr,ft411 VI RTU/1 l ADDRESS 

The CPU references cLta t;o rough the 3 2_b It Pro.<' ran 
Virtual Addrnss (PVA). ProRram virtual addresses have the 
format shown In Fi~ure 3.3.1. 

+---------------------------------------------------------+ I 00 !Segment no.I P,yte Displace~ent I 
+--------------------------------------------~------------+ 
012 78 31 

2-7 
8-31 

Fie 1 r:! f.iaf'1e 

Pro~r,m Segnent Number 
Byte Displa~e~ent 

Figure 3.3.1 Pro~ram Virtual Address 

F 1e1 r:! Syriho 1 

PStl 
[l[l 

An attempt to reference, as a PVA, a flelrl whose ~l~h 
order two hits arc not zero will Renerate an Invalid sn~~rnt 
exception. 

3.3.1 Use Of The Pro~r~m Virtual Address 

A PVA lclentlfles a bytP. l'rithln thP. "address space" of a 
program. A PVA used to I dent l fy ha 1 fl'1orr's ( 2 bytes), \·tor els 
(!~bytes) or douhln1ords (fihytes), Is undcrstoo-1 to reprflsront 
the address of tho first byte of the operand. !!henever 
referencln~ operands lar~nr than a byte, certain low order 
bits cf the PVA must be zero, as detailed In Table 3.3.1.1. 

Table 3.3.1.1. PVA Constraints. 

Ooerand Size 

halfword 
\'IOrrJ 

douhleword 

Zero PVA nits 

31 
30, 31 

29,30,31 

In other 11ords, operands must be al i'l:n~(! 1·ilth t1'e 
appropri~te a~dr~ss boundari~s. If such con~itions are not 
satisfied, a houn~ary viol~tion exception is generated. 
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3.3.2 Program Virtual Address Formation 

Given any ti-m 32_hit fields x and y, we define thr. procedure 
of acldress_addi ti on, symhol lzecl by @~ as follows:* 

x@y=x<0-7 >!CCx<8 -3l>+y<8 -3l))modu1o 2**24) 
as pictorially representerl in Fl~ure 3,3.2~1. 

+---------------------------------------------+ 
S BOl x 

+---------------------------------------------+ 
0 7 8 31 

+---------------------------------------------+ 
111111/ll BD2 I y 

+----------------------------------------~----+ 
0 7 8 31 

+---------------------------------------------+ 
S Cfl0l+BD2) rlod 2**211 x+y 

+---------------------------------------------+ 0 7 8 31 

Fl•ure 3,3.2.1 Address-Addition 

In subseauent references we may refer to the first 
operand of address addition (here x) as the base anrl the 
seconc! opl'irand (here y) as the Index or c!lsplacl'n1ent. 

Note that arl<lress_additlon yields a corr!'ct progr?.m 
~lrtu?.l address If and only if the x field already had the 
format of a corr~ct PVA. 

Note also that since the adc!ition of the 24 low order 
bits Is performed rioc!ulo 2**24, the resultin~ PVA may have a 
byte displacenent lo\·1er than either BOl or 802. If, for 
example, BD2 is a strln~ of 24 l's, the r0 sultln~ hyte 
displacement will be one less than ~Dl. Note also that bits 
0-7 of the second operand are l~nored, which means: 

a. the pro~ram secment number of the rcsultln~ PVA ls 
the sar.)c as the PSfl of the x ficlrl; 

*See f.ppencli:< A for noti1tiona1 conventl0ns. 
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b, the y field could contain any information In its hi~h 
orrler 8 hits without affecting the result. For exaM~le, 
y could itself he a Yul id PVI\, 

Pro~ram virtuAl ar!drAss~s ~re ohtain~d in one of tJ1e 
followin;; 1·1ays: 

a, directly fron a GPR; 

b. from arldrcss_ac!dition of a 11 base 11 f'"!PR anrl ;10 t1;r.~ex" 
GPR; 

c. from address addition of a "hase" GP'"t and <>n 
imr-:erliate field fro; the exccutin:o instruction; 

d. directly fror:1 tf">e instruct ion arl;Jress re::;! ster; 

e. from address addition of the instruction arlrlress 
rei;lster awl an- fr.-1r1erliate field froM the executrno: 
Instruction. 

In cases c., d. 
with zeroes to 32 
procerlure. 

anr1 e. 
hits 

thP imnedivte field is extpnr' 0 rl 
hefore the a~~rPSS a~~Ttlon 
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3.lt DAT/\ ACCESS COtJTROL AtlD PVf\ TRANSLATION 

The CPU controls access to data and translates program 
virtual addresses into system virtual addresses on a segment 
basis throuth the seP:ment re~Jsters, Direct access to the 
segr.1ent registers is possible only through privileged 
operations. 

3.4.l Segment Registers 

There are 64 Segment Registers (SGR) numberd 0 to 63. Each 
register is 32 bits i-1ide. The format of each SGR is r.iven in 
Figure 3.4.1.1. 

+-----------------------------------------------------------+ 
!VI ACl I AC2 I AC3 I AC4 I ACS I SEGID 
+-----------------------------------------------------------+ 

0 1 3 4 6 7 9 10 12 13 15 lG 31 

Field Ni1me F i e 1 <l S vr1ho l 

0 
1-3 
4-Ci 
7-9 
10-12 
13-15 
lG-31 

Validity Control 
Access Control 1 
Access Control 2 
Access Control 3 
Access Control 4 
Access Control 5 
Segment Identifier 

Figure 3.4.l,l Ser;ment Register Format 

v 
ACl 
AC2 
AC3 
AC4 
ACS 

. SEGI n 

A segment register is .lLfil.l.Q If Its V bit is 0 and 
invalid othenJise. Any attempt to .access 11n lnv11l tel sevment 
register in the p~ocess of PVA translation will generate an 
invalid segment exception. 

3.4.2 Data Access Control 

A field in the system control vector (see Section 3.5.ll 
selects which of the five control fields is 11ctlv<> at any 
given time. The position of the active field is the same for 
al 1 se~ment registers. 

Each access control field is viewed as having the format 
of Fir,ure 3.4.2.l. 
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l 
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+-----------+ 
I X I l I s I 
+-----------+ 
Access r.tode 

Instruction execution 
Data load 
Data store 

3.4-2 

Field Symhol 

x 
L 
s 

Figure 3.4.2.l Format Of The Access Control Field 

Each of the three bits controls one mode of access as 
li'sted in Figure 3.4.2.1. A given r.;ode of access to data in 
the given segment is allowed if the corresponrlin~ bit in the 
active control field is O; it is not a110•;1ed othenlise. 

Any attempt to access data in a non-allowed mode will 
generate an access violation exception. 

3.4.3 Program Virtual Address Translation 

In order to reference data in the primary stora~e system the 
CPU must translate the program virtual address 1nto the 
corresponding system virtual eddress. The PVA 15 translated 
into a SVA by replacing th~ high or~er 2 hits of the PVA 
wlth the contents of the segr.1ent identifier field of the 
segment register that corresponds to the pror;rar.1 sec;ment 
number In the PVA (sec Figure 3.4.3.1). 
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PVA 
+--------------------------------+ IOOI PSN I BO 
+--------------------------------+ 

01 2 7.8 31 

I Io ___ _ 
I I. 
I I 
I I SVA 
I 1--------1 +-----------------------------------+ -->I 1--->I SEGID BO 

1--------1 +-----------------------------------+ 
I I o 15 l& 39 

&31 I 

Segment 
Registers 

Figure 3.ti.3.1 PVA Translation Procedure 

The system virtual address Is then presented to the 
primary storar,e system. The PSS wi 11 either return the data 
(or perform the store) using the Primary Storage Directory 
(PSD) or will notify the CPU of an exceptional condition 
(see Chapter 2 for details). 

The fo 110111 ng except i ans may be gene rated: 

a. lnv11l Id system virtual address: there ls no primary 
stora~e directory entry associated with the specified 
address. 

b. data in transit: the T ("In-transit") control bit In 
the PSO entry is l. 

c. read onlv: the R (read-only) control bit in the PSO 
entry is l (this exception ~an only occur In store 
operations). . 
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3. 5 PROGRNl SH, ms REG I STE RS 

There are three Pro"ram Status Re".istc~s (PSP), n3mely 
the Control \fpctor (CV), th<:> ltPration Count ""~istl'r 
(ICT!\l, and the lnstrllction Arlrlrf'ss RPl"ist,or (!\".). They 
control the program execution in the CPU. 

The program st<'ltus ren;istf'rs, tor:etf>i:::r 1:ith H:e v~ner2l 
purpos,o segment rP~isters, typically cont<'lin thp infcrm?t!on 
in the CPU v1hicl' is "loc;:'1" to the exccutin;o proC'r2r:1. 

3.5.1 C~ntrol Vector 

The Control Vcoctor (Cl/) is a 32-hi t rco;;ist"r cont;:,inir":: e 
collection of fields (mostly of just 1 hit) which control 
various CPU functio11s, 

The r.ontrol Vector l!io;h Orrler Ryte (CVB) ls accessible 
throu~h non-privilc~nrl operations; t~e whole control vector 
Is accessible throun;~ privile~erl operations. 

Table 3.5.1.1 ~Ives the list oF flel~s In the control 
vector. The r~t:2ninf: of c~ch fic1d is ~isruss0~! in dr::t2il in 
the followin~ s~cti;ns. 

C0rtuin hit ro~;itions vri:> lt?ft unl!r!fin0<l. Th(~Y arP 
lnplenente~ in the har~w~re hut have no function associat0~ 
with then. 
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Ta h 1 e 3, 5, 1. 1, Cont ro 1 I/ ec tor • 

Field tli1me 

0 Arithmctir Exception Signal 
1 Arithmetic Ci1rry 
2 
3 
4 Rinary lnte~er Overflow Mask 
5 Decimal lnte!';er Overflo\, nask 
6 Floatln3 Point Exponent Underflow Mask 
7 Floatln~ Point Loss of SIRn!ficance 

8 
9 

10 
11 

Address Match Mask 
System Service Call Control 
L'1st Cranch Address Control 
Success fu 1 3 r<:inch Ila s k 

12 
13-15 
16 

,\ccess Control Field !lumber 

17 
18 
ig 

20 Interval Timer O Activity 
21 Instruction Counter 0 Activity 
22 Interval Timer 1 Activity 
23 Instruction Counter 1 Activity 
24 Control t!odP. 
25 External Si !';ndl !'ask 
26 Internal Sl;',nal !\ask 
27 Pro3ram Exception Control 
28 POl:cr Off \larni nr; i',ask 
29 P.ar(:11are r:;:ilfunction flask 
30 Hardv10re t!alfunction '.lerning ~;risk 
31 Pro;r;:;n Exception ~1ask 

3,5,1.l Arithmetic ~xceation Sl~nal 

3.5-2 

Flelr. Syrihol 

z 
y 

fll0t1 
DI 0'1 
FPWI 
FPSM 

Afll1 
sscr. 
LoAC 
SB'·1 

ACFN 

ITO/\ 
ICOA 
lTlA 
I Cll\ 
CM 
ESM 
I S'-i 
PXC 

f11·1\i! I 
rxn 

The Arit~nctic Fxccation Sl~nnl (Z) bit Is s~t to 0 or 1 on 
certain aritiw,etic operation ns determiner! by t,,e 
non-occurrence or occurrence of a masknble binary or rlecimal 
exceptinn, The Z b:t is also user! by t"~ decim.l arithnetic 
instructions to pass infor~1ation re.o:arrllnr; thn possi!-iil tty 
of overflow. Detilils re"ardinr; the r,eneration an<I use of the 
Z-blt are Riven in Apponrlix B. 
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3.5.1.2 Aritbmetic Carry 

The Arithmetic Carrv (Y) hit ls set to the value of thP 
carry upon each unsigned binary or unsl~ned rleclral 
oneration. Its settin~ Is unaffected by si~ned or floatln~ 
point operations. 

In addition certain sl~ned and unsi~nerl lnte~Pr 
operations (see Section 3.11) allow the value of the Y hit 
to he added In the low or~er bit position. 

3.5.1.~ ArithMetlc Exception ~asks 

There are four types of arith~etlc 
rnciskable: 

o binary inte~er overflow 
o decirnnl intP..ri:er overf1ov1 
o flo2tin~ poi~t underflow 

exceptions which are 

o floatln~ point loss of sl~nific~nce 

Whenever one of these con~itions occurs , and If the 
corrcsponr!in.~ ri,1s1: bl t (SIC''., ri10::, FPlW, an-:1 !'PS'', 
resp~ctively) is 1, the excoption is r0COPniz~rl 2nr! ~ 
pro~raM interrupt wi 11 occur. 

\·:hen the correspon0in"'; ncsk hit is Q tf:en tbA <"?XC:r?otion 
is ignore~ 2nd sor1e acl~itionD1 action is ta':on (sA0 S~ction 
3. 10). 

3.5.1.4 ArldrASS r~~tch !~~sk 

The address natch re~lster (see Section 3.8) cnntains a 
pro~rcirn virtu2l ar-10ress v.'hich Is r~r.tch'!rl &~2inst 0ny ?V!:.. 
refer~nced by the CPU. If a n2tch occurs ?nrl tt1~ Ar!~ress 
natch r·'.ask (.l\!1:;) is 1, then 2n a<lr'ress r2tch f:XCA!1t ion is 
reco~nlzed. Otherwise the natch Is icnore~. 

Ad<lress r112tchin-; r.llo\"/S r:et2iled pro";rLl:-:-'r'·nhle r""onitorln;i: 
of ddta Or instruction cells for·dehu::;~in?: rind r1uinten2nce 
purposes. 

The System Service Call Control (SSCC) deternines ~hether a 
systeri scrvicr> call op<;r2tion ls allm·:erl to procer>rJ norr:ally 
(SSCCaO) or not (SSCC=l). 

If SSCC=l any attec1pt to f'Xf'cute a SSC oper0tion • .. lill 
generate a SSC viol~tion exception. 

This featL1re c2n he LJSed to deny a suhsysteM user access 
to supr>rvlsory syste"1 facilities.-



t1[\SC011 132 Reference Manual 3,5-4 

3,5.1.G Last Branch Address Control 

The Last Rr2nch Address Control (LBAC) determines whether 
the last branch address register (see Section 3,8) ls 
updated on every successful branch with the PVA of the 
branch instruction (LDl\C•l} or not (L~AC•O). 

Maintenance of a br;rnch address re.~ister allov1s IMprovecl 
dla~nnstic capability In case of subsequent errors or 
excep_t ions. 

3. 5, l. 7 Succ!'ssful Branch r~ilsk 

The Succ~ssful Rr~nch t~nsk 
~sful hr2nc:h exception 
(Sfl!i=O}, 

(SB11) deterMlnes whether a 
is recognized (S~M=l) or not 

Branch exceptions allow the traclnc of control flow of 
an cxecutin~ rro~ran. 

3.5.1.8 Access Control Field Nunber 

The Access Control Field ~unber (ACFN} Is an Integer between 
0 and 5 T~e values 1 to 5 identify which of the five 
access control fields !n the se~Mcnt registers (sec Section 
3.4) is active. 

ff J\CF:,J=O then free access to any sc:r;r,1ent is asslH:!cd. If 
the l\CFM ls 6 or 7 no access to ony scr;mcnt 11i 11 be al l01,1er!, 

3,5,1.9 Interval Timers anrl Instruction Counters Activity 

The Interval Tl~~rs Activity fields (ITOA and tTll\) and the 
tnstn1cti0n Counters 1\ctlvitv fields (!CCI\ and tr'.1.1\) 
deternlnn whether the correspon<lin~ interval timers or 
instruction counters are active (blt•l) or Inactive (blt=O) 
(see· Scctton 3.3). 

3, 5.1.10 Crntrol Mode 

The Control ~'.ode (C'l) bit determines whether all v;il fd 
orierntion coc!ps are ndriissiblc (C!i=O) or not (C' 1'-'ll. If C''•O 
thr! CPU is snid t0 hr; runninr,:: in orivil~,.,.~d f-1o(~P; other:JisP. 
the cru is in nn!I "riviler.r>r! node, 

If an o;oeration cocle ls s11!oJect to the ahov<: control It 
Is so stated i.n its definition. Such op<:ratlons are called 
orivil0~Prl on~rations. 

The i'xternnl Sic:nal l'as!< (E:S!') determines 1·1heth1>r t!'e 
occurrence of a n~cistcr f'Xtern2l si2;r.ill is reco~nizrd cr:s:•=l) 
or not ( ESi;"o). 
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3.5.1.12 Internal Sian;il ~.~;isk 

The Internal Slc;nal r:ask 
occurrence of an intern2l 
not c1sr1=0). 

(Is::) 
s I c:na 1 

3.5.1.13 Pro~ran Exceoticn Control 

c!etc rn lnes 
is rccoc:nlzer 

3.5-5 

\"lf'"ther the 
(IS'i=l) or 

The Pro~ran Exception Control (f':<C) deterr1ines 11hich pr0o;r2'." 
exception ol~ an~ new st2tus areas will be uscrl upon 
recognition of a prozran exception (see Section 3.10). 

3.5.1.lli Pol'.'er Off \Ir.mine: !~r.sk 

The Pow~r Off t·!arninrr ~~zisk (po•,;;;) d0ter;-clnes 1·1hether the 
occurrence of a po\~r~r off 
(PO\l:i=l) or not (PO\!''.=:JJ. 

\·1ornin~ si,r;n?l Js recornize"' 

3.5.1.15 !larc•1·1;He ''~lfunction 

The Hi!r<~i.-1.:1r0 !~alfunctton !··'ask 0-~'·~;;) det~rr-~inr~s ·.:nl'.!tber tr(.'.' 
occurrence of n hdrrt~ .. ;~rt:: r:;alfunction is reco":nizr:r {U~'.~;==1) 
or not (;-i::n=O). 

\·!henevcr a hardv:are nalfunction is rr~cn~niz~d ti1~ cru 
will halt anc! a harc'.\12re r1nlft1ncticn si~n~1 to tb~ sy$teM 
rionltor unit 1-iill he o;en0rater1 (see Cha;iter 9). 

Whenever a hardware ~al function is iwnore~ the CPU 1'.'ill 
proceed In an unore~lctahle way. 

3.5,1.15 Hard1'1arP. ,·~?.lfun~ti"n '.'Rrnln?'. '12sV. 

The Hardv1are i/~dfunction !:!arninr, iiask (P''.~:~~) cieternlncs 
\'Jhether the occurrence of a horr!v12rc r2l.i=ur.ction wcrnin~ 
signal ls rPcoo;niz,.ri Cfi:::::i=l) or not (!1':'.i'';=C). 

If the hardware n~liunction warnln". sl~ndl ls one of the 
harrll'.'are malfunction w,rnin~ slo:nals controlle~ hy tre 
Hard\'12re Mc.lfunction ~!rJrnin.r; Vector (H~~·1·!V) t!~·~ cnrrPsponriin~ 
bit is set and the actions d~scribed in Section 3.8.7 take 
place. 

If the harC~·:arc rn~1functinn ~'.'arnin~ si:r-nal is not one of 
the si:r.nals co.ntroll~d by t.ie P!~tPJ and the ! 1 '.:~1:1 is 0n0, then 
a Har(_~\·/<Jre r-~nlfunction Interrupt ls gpn~rQtP.d. A t!arr'~·12rt:' 

Malfunction \!arnins Coc~e (1-:;:\!C) is set as descri''e'! In 
Section 3.10.3. 

If tre h?.r<liJ<ire rvllfunction •.;<Jrnin;; sicn.'ll is not on" of 
the si~na1s r~co'!nizcr: by the Hi!\·!V end the t:~~·,.;n is zero, 
tf1en r10 fL1rther ~ctlnr1 takes pl?cr. 
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3.S.1.17 Program Exception Mask 

The Program Exception Mask CPXM) determines whether the 
occurrence of any program exception is recognized ( PXH=l) or 
not ( PX:·1=0 l. 

If PXW=O and a program exception occurs the instruction 
may be completed in a unpredictable way. 

3.5.2 lter2tion Count Re~ister 

The Iteration Count Register (ITCR) is a 32-blt register 
which is used by all interruptible operations to determine 
the number of iterations to be performed. It contains a 
signed integer which ls used to count and test for 
completion of such operations. Its use will be discussed In 
r.iore detail in Section 3.11, in conjunction 11ith the 
description of such operations. 

3.5.3 Instruction Address Rerrlster 

The Instruction Address Register (IAR) is a 32-bit register 
containing at any given time the program virtual address of 
the instruction which is being executed. 

Since 211 instructions are one word long and must residr! 
on 11ord boundaries, the 1011 order 2 bits (bits 30-31) of the 
IAlt are al\:ays ignored and assume<l to be zero. 

The &ontents of the IAR, the instruction address (IA), 
is incre:r.1entecl by 4 at the completion of every instruction, 
with the exception of successful branch Instructions. In the 
latter case the IAR is set to the program virtual address of 
the branch target. 
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Dependin~ upon the operations Involved, the CPU will 
Interpret data (either In the ~encral pur~ose re~!ster or in 
primary stora~el accordln~ to different form~ts. 

A major cli:issiflcation of suc!o fonv:ts is '>y len7th. 
Table 3.6.1 gives the list of all field types reco~nlzcr' by 
the CPU.· 

Field NaMe 

fiyte 
f!a 1 fword 
llord 

Table 3,5.1. 

Do uh 1 ei-10 rd 
fluDdv1ord 
[]ytc strin~ 
\.'orrl r, roup 
Double\·1ord f;roup 

Field Types. 

8 bits 
16 hits 
32 bits 
64 hi ts 
128 hits 
Q to 2**24 bytes 
0 to 2**22 v:orr's 
0 to 2**21 r~ou!jlev1or~s 

Quadword operands are only recosnized In the ~P?'s. 

3.6.1 Re,,-lster R.efr;rencin~ 

The registers may be vlr;wed as a bank of G4 words, 32 
douhleworr's, or 255 bytes. 

\·!hen re10isters are ad-'rPSSP•! by instr~ctinn fj.-.Jrs, t1·:0 
low order zero bits ar~ a~pen~l~rl to the re~lster 2~~r0ss so 
that ul 1 r~fercnc.-.s \·ii 11 be on v1ord hounr'ciries. Dou'>lP:·mrrl 
references tn re1isters rnquire th2t the low orr'or bit tnken 
from the instruction fielr! be zero, othr;rwise a re~ister 
s•1er.ific2tion exception viill occurr. 

Sir~ilurly, qu2·-~·~·:ord rcf"!rencr>s r0quire th;it tre t1·:0 lm·1 
order bits of the register refr;rence fielr' of the 
instruction be zero. 

When ro~lsters are 2~drossP~ by the iteration cnunt 
res;ister (ITC?,) then the rr:'.ferr:ncr::-s arf' n2r~e rlirr--ctly to t1-ic 
byte boundaries of the rr:~istP.rs. Th0. cnr1t0nts oft~~ ITC~ 
is r~ciuired to h2ve t~·!o low or· .. er zcroc)s for \·1or 1 ' rrff'rf:nccs 
and th rec 10:·1 nrc'e r zeroes for r'ouh 1 e1:0 ref refere:nces, 
othen·,1ise a rcr::istcr specification excP.~tion ~"1 ill occurr. 

\.!~0n re~ist rs 2re (lri('r=:-ss A h~' tf... cnnt":nts of 
registers t!v:n th ur:rrcssin;, is ~ ~·ytr: ros tion D to 255. 
The byte position s the rc~ist0.r c ntronts tr r:n no~ulo 2~r;. 
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3.6.2 Proeram Virtual Addresses 

\·lhenever 
pro;:; ran 
assumed 

referencln~ a data element in storage via the 

If 
se<;mf!nt 

virtual address, the fDrmat of the PVA wil be 
to be the one of Figure 3.3.1, 
the high order two bits are not zero an Invalid 
exception will he generated, 

3.6.3 Data !~VP Ooeratlons 

Operation·s are provider! to load data fron stor;ige to the 
registers, store rata from the re~lsters Into storage, 
tran8fer data between the registers, an~ move data between 
areas In stora~e. These operations will not affect the 
formvt of the data. load, store, and transfer operations are 
provlrlP.rl for byte, hi'llfword, worrl, and doubleword operands, 

Move operations are provided for byte strings. 
In addition operations arc provided to Iteratively load 

and store sequential bytes, words and ~oublcworrls, using the 
iteration count~r. · 

3.6.4 lo<slcal nata 

logical operations handle words and doublewords as bit 
strin;:;s of the corresponding leneth. Each bit In the string 
ls handle~ as an independent hinary digit, 

Lo~lcal tru~ nay be represented in rc~lsters as a word 
of all ones and lo~lcal false as a word of all zeroes, 

3.6,5 Binarv lntc,..ers 

There are tl'lo syr.1rn::trlc classes of operations handling 
respectively unsl<"nr.d and sl.rmed binary inter.ers. They 
accept word and doubleword operands, Some operations accept 
quad\·t0rd opcrunds, Uns!r::ned '>inary lntep;cr oper;:it!ons treat 
their operands modulo 2•(o~eranrl-len~th), Signed binary 
Integer operations treat their operands as binary· 11 2 1 s 
conpleDent" representations of slr,ned lnte:>.:ers. In such 
representation ~11 non-negative intep;ers will have the hi~h 
order bit (the "sign bit") equal to O, while nep;atlve 
lnte~ers will have a sl~n hit value of 1. 

the numbers n t~lc~ can be represented in the two cases 
are as fol lov1s: 
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1~orcl 
doub 1 e\'!O rrl 
quarl1"1ord 

\~Ord 
doubl C\·:orc:! 
quacl\·:o rd 

unsigner. inte;;ers 

0 <= n <= 2**32-1 
O <= n <= 2*•64-1 
O <= n <= 2•*128-1 

s r .~ned intezers 

-2**31 <= n <= 2•*31-1 
-2**G3 <= n <= 2•*G3-l 
-2••127 <= n <= 2••127-1 

These ranges are approxlM~tely equal to 

1·1ord 
dou':i 1 evmrcl 
quach•10 re' 

\'/Ord 
doublcv1ord 
quad1·1orc! 

3,5,6 Decir1al lntec-ers 

unsigned intep;er 

0 <= n < 5.2•10••9 
0 <= n < l,8*10•*19 
0 <= n < 3,4•10••38 

sir;ncn inte[';er 

-2.1•10•*~ < n < 2,1•10**9 
-9.2•10••19 < n < 9.2•10••19 
-1.7•10••38 < n < 1.7*10••38 

3.5-3 

There are t\'lo symmetric classes of operations handllnz 
respectively unsi.,,ned and slo:nP.d c!ecir.lal intcr;cr 110rds and 
doub 1 e1·1ords. 

Unsl~ned decimal lntcr;er operations Interpret t~clr 
opcrtJnds as 3 or lG hin2ry cor1e-:I c~cir:ivl r!i;~its cnr! treat 
thcM modulo 10••3 and lO••lG respectively. 

Si~ne~ declr12l inte~er operations interpr~t their 
oper<rnc1s as " lO's corcplenent " rcpresP.nt<>tinr.s of sir;ncc 
lntef,•Jrs. In such reprosent;:ition tr·e hi.ch order four hits of 
the word are all zero (B'OOOO') for non-ne~;:itive intesers 
and have the pattern ~ 1 1001 1 (i.e., decir12l 9) for ne.-;;:itlve 
lnteiY,ers, The nunbers 1·1hich can he repr£>sented In tbo t'.lo 
cases are as follows: 
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word 
doub 1 ev10 rd 

unsigned dt"'clr.ial Integers 

O <= n <= 10**8-l 
0 <= n <=.10**15-1 

s!r;ned clecimal Integers 

word -(10••7-1) <= n <= 10••7-l 
double•:10rd -(10**15-1) <= n <= 10**15-1 

A negative decimal zero is defined as a pattern of nine 
(8 1 1001 1 ) follo•:1er' by only zeroes (B'0000 1 ). This Is an 
improper signed decimal p<ittern and will cause an exception 
when generated by signed decimal arithmetic instructions. 

3.6.7 Flo?tin~ Point Numbers 

Floating point ooerations handle v10rd rind double1·1ord 
operands. The fornat of the data In the two cases ls given 
In Figures 3.G.7,1 and 3,G.7,2. 

+----------------------------------------------------+ 
Is I c f I 
+----------------------------------------------------+ 

0 1 7 8 31 

0 
1-7 
8-31 

Sign bit 
Hex<irleclmal characteristic 
Hexadecimal fraction 
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Figure 3,6,7.1 Floatinc; Point \lon1 

+----------------------------------------------------+ 
Is I c f 
+----------------------------------------------------+ 

0 l 7 8 63 

0 
1-7 
8-63 

F i e 1 d t! ane 

Si ':';n hit 
Pex~dcci~1ol characteristic 
Hexadecin2l fraction 

Figure 3,5, 7.2 Floating Point Double1Jord 

The sign bit Is 0 for non-nel';ative nurnkers anrl 1 for 
necative numbers. The characteristic is viewer! 2s an ''excess 
6l1 11 binary lntep:er. The fraction is Interpreted as 1'.avir.;>: 
the radix point irnrnuliatcly to Its left. The nw'ber 
represented by a floutin<> point \·1orc' or c'ouhle\:or'1 has the 
value given by 

r = ((-l)••s)•(,f)•(l5•*(c-5~)) 

"True zero" Is a rcittern of al 1 zeroes and has the nuc1!'.'rlc2l 
value z~ro. Data generaterl by the CPU (without creAtl~~ 2n 
exception) v1lll either he a true zero or \·1ill tc In 
hexadecimally nornnlizerl frirn, i.e., t!·:e hil';h or<~er l; bits 
of the fraction will nnt he all zerors. If data elenents not 
conforrnin?; to on" of these t\'IO riattf'rns arc used in floatin'.': 
point operntions, the or~rations ~ay provirl~ uncxpect~d 
results, A ne~ative ( imrirorier) zero has a sir:n hit of one 
and all other bits zero, In floatin~ point only operations 
Involving only zero and negative zriro may 3en~rate anotber 
ner;<itive zf'ro. -

/\.part from tru~ zero, the r:2gn.i tu.--!e (r-1) of 2 n0rr.2l iZ0.-C 
floatin_g point nur~ber is in the fol lo1·iinc; rnn1;es: 

word 
douhlo11ord 

-2**260 <= m <= (2**252-2**228) 
-2**250 <= m <= (2**252-2**19Gl 

This apriroxim2tly 
10**75. 

equivalent to a ran~e of 10**-78 to 
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3.6.e Character Strln~s 

Character strings are composed of 0 to 2~*2- hytes. 
Character strln~ operations us~ the Iteration count reRlster 
(ITCR) to specify the nurilier of bytes to be operated on. 
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3. 7 lt!STRUCT IO!! F0!\.'1f1TS 

All instructions are one word (32-hits) In length. The 
Information contnined In the word is, however organiz 0 d in a 
number of different ways. There are four Major formats: N, 
I, V c:nrl H. 

The fields which determine in each format the operation 
code will he marker! with the letter "c". 

3. 7 .1 t1-Forr1at Instructions 

M-format Instructions have the format of Figure 3.7.1.1. · 

+----------------------------------------------+ 
I c I d 

+----------------------------------------------+ 
0 1 2 7 31 

Figure 3.7.1.1 t:-forncat Instructions 

There is only one r~-forr,at instruction 1·1hich us<?s ;is 

operands GPRi anrl the byte displacenent cl. 

3.7.2 I-Format Instructions 

I-format Instructions have the fornat of Figure 3.7:2.1. 

+----------------------------------------------+ 
I c I wd I c I 
+----------------------------------------------+ 
012· 78 29 31 

Figure 3.7.3.1 I-format Instructions 

There are 4 I-format Instructions. Their operands are 
GPRi anrl either IAG11c! or C( l;'.'.;v1r'), I.~., they use rel2t!ve 
addressing 1tl th respect to:> the instruction ..,rf,!ress. 

3.7.3 V-For~nt Instructions 

V-format instructions have the forrnet of Fl~ur~ 3.7.3.l. 
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+----------------------------------------------+ 
I c I j I c I. 1 I c I sd 
+----------------------------------------------+ 

0 1 2 7 g 9 10 15 lG 17 31 

Figure 3.7.3,l V-format Instructions 

There arc 11 V-fornat Instructions. Their· operands 
and either GPRjQsd or C(GPRjQsd). The abbreviation 
to the direct addressing capahil ity provided here, 
to the o~iginal Von Heun1ann cicsi~ns8 

are GPRI 
V ls due 

s Im 1 lilr 

3.7.4 N-Format Instructions 

N-fornat instructions have the format of Figure 3,7,4,l, 

+----------------------------------------------+ 
I c I j I c I I c k 
+----------------------------------------------+ 

0 l 2 7 8 9 10 15 16 25 26 31 

Figure 3.7.4.1 N-fornat Instructions 

There are potentially 25GO N-format instructions. The 
operands used by these Instructions vary, but the large 
majority of operation codes are associated with one of the 
eight basic on<:>rand SPlection nodes listed in Table 3,7,11,1. 

Table 3,7,11,l Operand Selection 11orles 

Ooerc.ind-1 Ope ran<l-2 Oner<ind-3 

RRR RI Rj Rk 
RPK Ri Rj K 
RSR Ri C(Rj) Rk 
RSK Ri C ( Rj ) K 
rlXR Ri C(RjQRk) Ri 
RXK Ri CCRjQf() Ri 
XRf: C(RjGRk) x !") C(/(jCJi() 

C(Rj@Rk) RI 
ccr:ja1() Ri 
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The follm·ilne assoclntlons !-,et1·1een letters in the Mode 
code and the corresponding operands 2re useful for mne~onlc 
purposes: 

R register used as operand or Index 

K Immediate value of k field used as operand or Index 

S stora~e reference throu~h base rcR!stcr only 

X storage reference through base rcRlster and Index 
(regist!'!r or lr1medicite), 
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3.~ SYSTE~ CONTROL REGISTERS 

The System Control Re~isters (SCA) are ~sed to control a 
number of special functions, primarily those related to the 
interrupt system (see Section 3.10). · 

There are G4 system control registers, numbered 0 to 63. 
Each register Is 32 bits wide. Some SCR are undefined; their 
use as sources will provide 32 zeroes; their use as tar~ets 
vii 11 be ec;ui val ent to a null operation. There are al so tv10 
auxiliary control registers v1hlch ;ire not numbered. 

Table 3.2.1 l lsts the system control registers. The 
sections following will describe their functions in detail. 

Table 3.8.1 System Control Registers 

Number Name Symbol 

0 Old Status Area Origin OSAO 
1 t~ev1 Status Area Origin fl SAO 
2 Interval Timer 0 !TO 
3 Instruction Counter 0 !CO 
4 Interval Timer 1 ITl 
5 Instruction Counter 1 !Cl 
6 Hard1·1are t.\alfunctlon \laming 

t.1ask Vector HMllMV 
7 Ha rd1'a re Hal function llarning 

Vector HMIJV 
8 Internal Sign<:ll r:ask Vector lSl\V 
9 Internal Signal Vector ISV 

10 r:aster External Si r:na 1 flask 
Vector, High Order 11ESMVH 

11 r.\aster External Signal Vector, 
t!lgh Order MESVH 

12 f.\as te r External SIRnal t\ask 
Vector, Lo1·1 Order t.:ESIWL 

13 l·1as ter External Signal Vector, 
Lo\/ Order 11ESVL 

14 Last [)ranch Address LBA 
15-G3 

Address !latch Register AtlR 
Rea 1 Time Clock RTC 



11/25/70 

t\ASCOR 132 Reference f.\anual 3. 8-2 

3.8.1 Old and New Status Area Orlvlns 

The Old Status Area Orll"in (OSAO) and the New Status Area 
Orlrin (MSAO) contain the pror,r2rn virtual addresses of the 
first location of old status area and of the new status area 
resp~ctively (see Section 3.10.1). Such addresses are 
assumed to be on 256 byte boundaries. 

The high order t\'10 bi ts and the 101·1 order e hi ts are 
ignored and assumed to be zero. 

3. 8. 2 Interval Timers 

The Interval Timer 0 (I TO) and the lntcrvill Timer 1 (!Tl) 
are decremented by one in bit position 23 every nicrosecond 
if the corresponding activity control bits in the SCV (!TOA 
and ITlA) are 1. \·/henever the value of an interval timer 
reaches zero the corresponding signal bit (ITOS, ITlS) in 
the internal signal vector Is set to 1. 

The lov1 order 8 bits of each intervill tiner iJre ignored 
and assumed to be zero. 

3.8.3 Instruction Counters 

The Instruction Counter 0 (ICO) and the Instruction Counter 
i (ICl) are decremented by one in bit position 31 at the 
completion of every instruction If the correspondinj 
activity control bits In the SCV (ICOA and IClAl are 1. 
l/henever the value of an Instruct ion counter reilches zero 
the corresponding signal bit (!COS, IClSI in the Internal 
signal vector is set to 1. 

3.8.4 Hard1-1are f.\iJlfunction llilrninP- t\<isk VPctor anc! H2r<h1;ire 
Malfunction Warning Vector 

The Hardv1are Malfunction \laming 1\ask Vector U:l\\ir1V) and 
the llardvi<Jre 1.:alfunction \·iarning Vector (!-J:·ll/V) are Pilirec', 
i.e., bit k of the 1111\!liV Is the mask bit for bit k of the 
Hll\IV. 

\/hen a hard\'1are malfunction occurs l'lhich only requires a 
warning, a hardl'lare malfunction warning is sirnalled. These 
warnings are controlled by the Harch!are t\alfunctlon \!arnino; 
Mask Oll-HJI.;) in the Control Vector (CV) and in sowe instances 
by the Hf.\\-/V. For this class a specific bit identifyin_r; the 
type of malfunction in the H1'.:\J'/ is set to one. If the 
corresponding bl t in the 1:/.i'i:IV is also one, and the Hard11zire 
Malfunction llilrnini: l\ask (!l:.i\iill is one, then a harc'1·:are 
malfunction warning interrupt Is generated ilt the completion 
of the current instruction. The Interrupt r.:ay illso he 
generated 1·1hen the ll:i\ilW qr the Hil~in is set. 
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A Hardware 
Section 3.10.3) 

Malfunction Warning Code (HMWC) of 0 (See 
ls associated with these interrupts. 

3.8.5 ·Internal Si~nal Mask Vector and Internal Si•nal Vector 

The Internal Signal f1ask Vector · (ISiW) and the Internal 
Sign;:!! Vector (ISV) are paired, i,e., bit kin the ISIW is 
the r.1ask bit for bit k in the ISV, \lhenever correspondihg 
bits in the !St\V and ISV are both 1 an internal signal 
interrupt is recognized if the ISi\ bit in the SCV is also 
one. 

The bits in the ISV are set to one by the occurrence of 
certain events (as listed below) or under program control, 

The structure of both the 1s:w and the ISV is given in 
Table 3,8,8,l. 

Table 3,8,8.1 Structure of the ISt\R and the ISV 

Bl t Ii a me Symbols 
I Sl\V 

0 Interval Timer 0 ITOM 
1 Instruction Counter 0 1 con 
2 Interval Timer 1 IT 1f.i 
3 Instruction Counter 1 ICW 
4-31 Program Control 

3.8,() llaster External Signal !\ask Vector and 
Master External Signal Vector 

ISV 

ITOS 
!COS 
ITlS 
I ClS 

The !laster ExtP.rnal S l •nal f.1<isk Vector (t.IESt\V) and the 
Master External Signal Vector are paired, i.e., bit k of the 
MESl.\V is the r.1ask bit for bit k of the t\ESV, \lhenever a bit 
In the MESV is l and the corresponding hit in the MESrtV is 
also 1, an external interrupt signal is generatecl, 

Each bit in the t\ESV corresponds to one group of 
external input signLJl lines (see Section 3.9). \·lhenever 
there is a signal pendinr, in the i-th external input signal 
line group while the corresponding bit position in the 
external signal Input mask vector is also 1, the i-th bit of 
the MESV is set to 1. 

Any attemp~ to load data into the ~ESV will he ignored; 
however the MESV may he indirectly affected by the execution 
of CONSLG instructions (see Section 3.9.ll. 
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3.8.7 Last Branch Address 

On every successful branch, the program virtual address of 
the instruction sequentially followin~ the branch 
instruction is stored in the Last Branch Acidress (LP,A) 
register if the LGAC bit in the SCV is zero. The 
instructions where the LBA may be set are the same as those 
that are subject to the Successful Branch exception and are 
indicated as such in Appendix B. 

3.8.8 Address Match Reristcr 

The Address l·latch Rer;ister (AllR) contains· a prozram virtual 
address which is checked against any ~rimary storage 
reference. If a match is found an adc'rcss mate!: exception is 
caused if the Mll·1 bit in the SCV-is on0:--0then1ise, the 
match is ignored. 

In the matching of the addresses, as many low order bits 
will be ignored as determined by the boundary appropriate fo 
the given primary storar;e reference request. 

The address match exception allows interactive and 
selective control and supervision of proiram operation, when 
desired for prograr.1 develop1nent, rneasurer.1ent, or debu)'.;;inz, 

3,8.9 Real Time Clock 

The f(cal 
the CPU. 
CPU. 

Time Clock CfnC) is provided by a source outside 
I ts value, hov1evcr, is ah-,12ys m0de readable to the 

The real time clock is a G4 bit counter v1hich is 
incremented hy one in bit position 31 of the low order word 
every microsecond. 

Attempts to load any value ln the RTC will he ignored. 
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Bit Mame Symbols 
ISMV 

0 Interval Timer 0 ITOM 
1 Instruction Counter 0 ICOM 
2 lr1terva l Timer 1 ITHl 
3 Instruct Inn Countllr 1 IClM 
4-31 Pro;>;ram Control 

3.8.9 t!aster External Sl~nal Mask Vector and 
tlaster External Sip-nal Vector 

3. 8-fi 

ISV 

ITOS 
ICOS 
ITlS 
IClS 

The n;o,ster External SI P:nal flask Vector Ct!ES~W) and the 
Master External Si~nal Vector are paired, i.e., bit k of the 
MESflV is the mnsk !:lit for bit k of the l!ESV. Whenever a hit 
In the t\ESV is 1 und the corr<isponrlln~ bit In the f·lEStW Is 
also 1, an external interrupt signal Is generated. 

Each b It in the f1ESV corresponds to one p.;roup of 
externul Input sl~nal lines (see Section 3.9). Whenever 
there is a sir;n<il pen<lln.r; in the I-th extern11l input slr;nal 
line sroup while the corrnspondlng hit position In the 
external sl~nal input mask vector Is also 1, the I-th bit of 
the MESV is set to 1. 

Any attempt to loar! datn Into the rlESV wl 11 be lt:nored. 

\J-~ I·!\:.~ '1 \':> ~\\::vLct.l l\!itv'~\5·'- b.J 

I 
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3.9 EXTERNAL INTERFACE 

The external lnt~rface consists of 64 External SiP"nal 
1.n.l2JJ.1_ linP. Grouns (ESILG) and four sets of rr>"istP.rs: the 
ExtPrni'll Slr:nril i1ask !1r>P-lsters (ES!rn), the ExtP.rn2l Si~nril 
Cutout P.er:ist<'rs (ESOR), the Ext<'rn::il ~·!orr! lnr-,"t r·,,"isU•rs 
(E'.llP), anrl the Ext,...rn;>l \}orrl nutriut l<P".istr>rs (<;~:G~). 

The CPU uses these ra~isters nnrl line ~roups to 
conciuni-c?.tf! with the extern2l 1"1orlr', Siner> such 
comJllunic?.tion require'1rcnts v2ry dr2stic<'llly fron one 
environment to another, the number of re~isters in each set 
actually Installed will he e function of the particul2~ 
system. 

3.9.1 External Slrrr.al Input line GrouQ!?_ ~---·· 

~.r;.0. Fxternril Si"nal !'.<isk P.e"istcrs ... There arc E4 External 
S1~nal Input line Groups (ESILG) numbered 0 to 63, !'Ach 
group consists of 32 pairs of lines, the Si~n~l lnnut 
Control linr>s (SICll anrJ the Si~ni'll lnnut .n.ckn0·:1lr;r'o;r> li'lr;S 
(SIJ\U. Associate<:' ~1ith eucb r:roup t!'ere is ;:i 3/.-!"llt 
Externcil Sio:n;iJ,:.1'1.?': \11>ctor (ES:ll/l._ __ . _____________ _ 

The SICL's 'iirC-'·conncetc-,'--t;:; l'Xtern<d rl~,vices 1·1!·lch 
control their state. Each SIAL is conncctecl t~ t~e s21~e 
devicl' of the correspon~inr: SICL, hut it is cnntrolle~ ~Y 
the CPU. 

Whenever (i) the k-th SICL in the l-t~ line r:roup ls set 
to 1, (Ii) the corresp0n<!i nf S 11'.l is C ;:,n.-:· (iii) the k-th 
bit of the I-th external sig:nal n~2sl: vector is 1, the i-th 
bit of the master external signal vector Is set to 1. 

\lhenever a COt:SLG (Control Signal Input line f'.:roup ) 
Instruction is Issued to a f'.IVen line 3rour, <ill the SIAL's 
In thcit Rroup for which (i) the correspcn~inc: SICL is on 
and, (ii) the correspon"in['; hit in the r1;1s 1: provir:P<! by the 
instruction Is also on, will be set to 1 • 

Whenever the SICL is sl't to O, the cnrrespon~in~ SIAL is 
also set to Zl'ro. 

3,9,2 External Si~nal Outout Re~lstr>rs 

There are 64 External Si~nal Output Pl'Rlsters ( ES0.:1) 
numberr>rl 0 to 63, E;ich re~ister is ~2 hits wl~I'. 

Each bit of each ESOR can be connected to sore external 
device, anrl it is use~ by the CPU to send appropriate 
SIRnals to that nevice, 

Associaterl with each hit of the ESOR ther 
Outnut Ar:!;nm}lnrlc:r: Line (SOAL), !lh!Oncver il SO;\ 
(hy an external rlr:vlce) the corrcs~on~in~ hit o 
set to O. 

Is a Slr:nal 
is Sl't t<:> 1 
the ~SO'.! is 
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3.9.3 External Word lnout Revisters 

There arc 64 External Word lnout Re~!sters (EWIR) numbered O 
to G3. ~ach rcr;istcr ls 32 hits wide. 

Each E'.!IR c2n be control lee! by an external source. 
Associated with each rer;istcr there is a Word Input 

Control Line (\i!CL) .:md a \ford lnnut flcknrw!lcdcYr> Line 
(\;I 1\L). 

An-E'.llR ls val irl if lts \ii CL is l an(' its \11/\L ls O, and 
i nv.~ 1 id othe n·Ji se. 

\!hcncver an ltlEX\•! (Input External \ford) instruction is 
Issued to a val id E\}IR, the corr0spondinr; \ltr,L is set to 1. 

\·lhenever a \!ICL is set to zero (hy an external source), 
the corrcsponc!inr; \!IAL is set to z<:?ro. 

3.9,!~ Extr>rn;ol \lord Outr:iut Rc<'ist1;rs 

There ere fi4 :=xtArnal \·!ord Ou tout Re_e-1 str>rs (HIOft) numbered 
0 to G3. Each r~~ist~r is 32 !'its \~lrl0. 

Each Ei!OR Ciln be connected to an external device, 
/1ssoci 2tf'd 11i th each E\IOfl there is a \forrl Out nut Control 

Line CF1CL) anrl a ~·!or~ Outout i\c!~no\vl'~"~9"n Line ('.10/\L). 
An E'.10': is av:iil0hle if its \JOr:L and '.10/\L are both O, 

and uni'v2i1 ;-,f)l<' othcnli se, \·lhf,nover <in OUTEX\! (Outrut 
Extern2l Hord) instruction is lssuerl to an available rwoR, 
the ccrresponc!ini'. \!DCL is sr>t to 1 as soon as the si[';nals on 
the 2~·:0R outrroin~ 1 incs ar~ assured to ~e sta~le. 

\·!henever <i \.'01\L is set to 1 (by an external device), the 
corrf'spnnrlinr: liCICL ls set to 0. 
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3.10 INTERRUPT SYSTEM 

There are a number of conditions, either generated by the 
CPU Internally or produced by outside sources, whic~ require 
that the program which was being executed when the condition 
occurred be stopped and a new pro~ram be initiated, 

We call this procedure nro~ram status swltchin~, and t~e 
events which generate It, lnterrunts. 

The entity which gets switched is the Pro~ram Status 
Block (PSR) defined as the contents of the fol loviinl". 
registers: 

Instruction Address Register 
Control Vector 
Iteration Count Register 
Link Address Register 

or, In other words, the three program status registers and 
the link address register. 

There are 8 classes of Interrupts: 

Power Off \laming 
Hardware Malfunction Warning 
External Signal 
Internal Signal 
Program Exception 0 
Program Exception 1 
System Service Call 
Utility Service Call 

The last four classes are mutually exclusive, i.e. they 
cannot occur simultaneously; we will refer to them as a 
group as synchronous interrupts. 

Whenever two or more interrupt conditions are 
simultaneously present, they will be honored by the hardware 
in the following order: 

Synchronous I nterr.upt 
Internal Signal 
Extern;il Signal 
Hard1~are t1alfunction llarnlng 
Power Off Warning 

Note that the working of the Interrupt procedure ls such 
that the latest interrupt to be honored will he the one 
serviced first. 
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Note also that any settings of the mask bits In the 
control vector may modify the sequence and leave some 
Interrupt conditions pending, 

3.10.1 Old Status and New Status Areas 

Associated 1-lith each Interrupt class there are t1·!0 qua<lworcl 
areas, the old status area and the new status area. Table 
3.10.1,1 gives the organization of both areas. 

Table 3.10.1.1 Old and New Status Areas 

\lord Field Nrrn1e Field S~ribol s 

0 Old (Nevi) Instruction Address OIA (NIA) 
1 Old mew) Control Vector ocv CNCV) 
2 01 c! ( Ne1~) Iteration Count OITC (NITC) 
3 01 c! ( Ne1·1) Link Address OLA (NLA) 

Upon the occurrence of an Interrupt, the CPU will save 
the current PSB in the old status area, Issue a pause 
command to the PSS, and use the data In the new status area 
to form a new current PSB. 

The CPU will then proceed according to the new PSB, 
The old and new status areas are located In the primary 

storage subsystem and their virtual addresses are computed 
from the contents of the OSAO and NSAO special control 
registers by adding a fixed displacement which ls a function 
of the Interrupt class as listed in Table 3.10,1.2. 

Table 3.10.1.2 Status Area Displacements 

Interrupt Class 'Displacement 

Power Off Warning 
Hardware Malfunction Warning 
External Signal Interrupt 
Internal Signal Interrupt 
Program Exception Interrupt 0 
Program Exception Interrupt 1 
System Service Call 
Utility Service Call 

0 bytes 
32 bytes 
64 bytes 
96 bytes 

128 bytes 
160 bytes 
192 bytes 
224 bytes 
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3.10.2 Power Off WarnlnP Interrupt 

Whenever power Is turned off, either to switch off the 
system or because of a power failure, a power off warnlnP 
intc>rrunt will occur if the PO\lil bit in the CV is one. 

The PO\JM bit should be set to zero only when servicing a 
previous power off warning interru~t. 

3.10.3 Hard1·1are 11Fllfunction \fomln7 lnterruot 

A Hardwe1re f.\alfunction \'larnin" lnterru')t occurs when the 
HMWM bit of the CV is one and either of the two following 
conditions are true: 

a. The Hardv1are l·lalfunction \famine Signal is controlled 
by the Hl.l\IV and corresponding bits of the Hl1\!V and the 
HMWNV are one. These slgne1ls are generally due to 
events outside of the CPU and are Identified by a 
Hardv1are Malfunction \laming Code (11 11:/C) of zero. The 
settings of the data reference code field (see below) 
and of the PVA field are undefined. 

b. The Hard\'iare llalfunction ~l<Jrning Sir,nal is not 
controlled by the H!UIV. These signals are generally due 
to events within the CPU and are Identified by a 
specific ~IM\IC other than zero. A d;;ta ref<'rence co<'e 
{see Table 3.10,6.1) and the value of the PVA will be 
available to further identify the hardware malfunction 
1~arnlng. 

In conjunction with the program status 
H~IC will be set into bits 0-29 of the word 
old status area for this Interrupt class. Rits 

sv:i tch i ng tl,p 
fol lmlinp; the 
30-31 of this 

word will be set to the data reference code and the word 
following will be set to the value of the PVA. 

3.10.4 External Signal lnterruot 

An external signal Interrupt occurs whenever any two 
corresponding bits In the MESMV and the MESV are one, and 
the ESM bit of the CV Is also one. 

It should be noted that although normally such an 
interrupt will be triggered by a signal Input control line 
being set to 1, it is possible for the Interrupt to occur 
upon setting a. new value In an EStlV, in the r•ESMV, or in the 
ESM. 

3.10,5 Internal Si1mal lnterruot 

An internal signal interrupt occurs ~ihenever any two 
corresponding hits In the ISMV and !SV are one and the ISM 
bit of the CV is also one; 
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It should be noted that although normally such Interrupt 
will be triggered by a bit in the ISV turning to one, it Is 
possible for the Interrupt to occur upon setting a new value 
In the ISMV or ISM, 

3,10,5 Program Exception Interrupts 

There are t1~0 types of prograrn except Ions, name 1 y, the cvri 
controlled exceptions and the PXM controlled exceptions. The 
recognition of the exceptions controlled by the leading byte 
of the Control Vector ( CVR) is determined solely by the 
value of the corresponding mask bit ·rn the CVB. If the 
exception Is masked, the CPU will be able to proceed In a 
predictvble and "correct" way, 

The recognition of all other program exceptions Is 
determined hy the PXM bit in the system control vector, If 
the PXM bit is O, the CPU 1·iill proceed In an unrredictable 
way, 

If the program exception causes a status switch then the 
procedure ls identicvl for both types of program exceptions. 
The PXC field In the SCV is used to select one of a pair of 
status areas, A code Identifying the type of exception and, 
In some instances the offending PVA, are stored In the 2 
words following the old status area. 

Whenever meaningful, bits 30-31 of the code are set to a 
pattern Identifying the type of data reference Involved 
according to Table 3.10,6,l. 

Tahle 3.10,6.1 Data Reference Code 

Code in bits 30-31 of the 
exception Identification 

00 
01 
10 
11 

Type of Data 
Referencf> 

Instruction Fetch 
Data Load 
Data Store 
Data Loa<l/Store 

Table 3.10,6.2 gives the list of program exceptions, the 
corresponding bit of the code set Into the high order 29 
bits of the codeword, and If an addrf>ss Is stored Into word 
follm·1ing the code 11ord. If no PVA is indicated the contents 
of the data reference code field and the PVA field are 
undefined. 

The actions taken when a pro~ram exception occurs are 
further described below, In order to distinguish the three 
types of effects that a pro~ram exception rnay have on the 
instructions in progress we define three terms: 
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o The Instruction is supressed. The state of the CPU ls 
not a 1 tered 1 n any ~iay other than by the program. 
exception status switch itself. The instruction address 
ls not updated anrl tr.e instruction m~y be restarted 
after appropriate actions have been nade by the 
routines handling tr.e program exception. 

o The Instruction Is coMpleted. The Instruction 'Is 
carried out to a point where it leaves specific results 
In the CPU and the stora~e systen. The Instruction 
address Is updated to point to the next Instruction to 
be executed as If no pro~ram exception had occurred. 
These results are generally sufficient to allov proper 
handling of the exceptional condition and the 
continuation of the program. The detailed spccificail6n 
of the effect of such completed instructions Is given 
In Appendix B with the description of the Instructions 
themselves. 

o The Instruction is terminated. The state of the CPU may 
have been altered before the status switch takes plac~. 
The Instruction address has not ryeen updated. The 
Instruction ls in general not restartable without 
knowledge of the environment which causes the 
Instruction to v,enerate such an exception. 

When program exceptions occur during the execution of 
Instructions using the Iteration Counter (ITC), then 
Interrupts th~t are Indicated as suppressing or COMPieting 
will allow the instruction to complete up to a point where 
the Instruction ls re_startable. 

A number of program exceptions are further 
below In Sections 3.10.6.l to 3.10.6.10. 

described 

All others are specific to certain types of Instructions 
and described In detail In the sections of Appendix B 
dealing with these Instructions. 

In Appendix B the exceptions ROD, DIT, ISVA, !Sr., AVL, 
BVL, AMT are referred to as stanrlard and not separately 
enumerated. All these, as well as the exceptions llSP, UOC, 
and SBR are descrlberl below. 
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Tahle 3,10.6,2 
Exception Type 

Read Only Data 
Data In Transit 
Boundary Violation 
Access Violation 
Address Match 
Invalid Ser,r~ent 
Invalid SysteM Virtual 

Address 
Undefined Operation Code 
Privileged Operation Code 
Trap 
SysteM Service Call 

Violation 
Register Specification 
Successful Branch 
Binary Integer Overflow 
Binary Integer Divide 
Decimal Data Invalid 
Decim;il lnter,e·r Overflow 
Floating Point Exponent 

Ove rf 101·1 

Floating Point Exponent 
Underflow 

Floatinv, Point Loss of 
Significance 

Floating Point Divide 

Program Exceptions 
Symbol Bit set In Contents of 

ROD 
DIT 
BVL 
AVL 
AMT 
ISG 

ISVA 
uoc 
POC 
TRAP 

sscv 
RSP 
SBR 
BIO 
BID 
DOI 
DID 

FPO 

FPU 

FPS 
FPD 

1st location 2nd location 

0 
l 
2 
3 
Li 
5 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

17 

18 

19 
20 

old PVA 
old PVA 
old PVA 
old PVA 
old PVA 
al d PVA 

al d PVA 
unr'P.fined 
undefined 
undefined 

undefined 
undefined 
un<lefinP.rl 
undefined 
undefined 
uncle fined 
undeflne<l 

undefine<l 

undefined 

undefinec1 
undefined 

3,10,6,l Read Only Data Exception (ROD) 

This exception occurs when the Read Only Control Flag, R, of 
the Primary Storage Directory Entry (PSDE) associated with 
the given System Virtual Address (SVA) is one, See also 
Section 2.2,2,l and 2.3.3,3, 

This exception can occur with certain V-format 
Instructions and with N-format Instructions using XRR or XKR 
operand selection modes, The execution of the instructions 
~ii 11 be suppressed, 

The Instruction Address (IA) will not be update<l and the 
Instruction may be re_executed, 
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3.10.6.2 Data In Transit Exception (DIT) 

This exception occurs when the Data In Transit Control Flag 
(T) of the Primary Storage Directory Entry (PSDE) associated 
with the given System Virtual Address (SVA) Is one. See also 
Sections 2.2.2.l and 2.3.2.l. 

This exception can occur on any Instruction reference; 
and on all storage references for data, I.e., most V-forMat 
Instructions and N-format instructions using RSR, RSK, RXR, 
RXK, XRR, or XKR operand selection modes. 

The execution of the Instruction will he suppressed and 
the Instruction mqy be re_executed. 

3.10.6.3 Invalid System Virtual Address CISVA) 

This exception occurs when the Validity Control Flag, V, In 
the Primary Storage Directory Entry (PSDE) is one. See also 
Section 2.2.2.1 and 2.3.2.l. 

This exception can occur on any instruction reference; 
and on all storage references for data, I.e., most V-format 
Instructions and N-format instructions using RSR, RSK, RXR, 
RXK, XRR, and XKR operand selection modes. 

The execution of the instruction will be suppressed and 
the instruction may be re_executed, 

3.10.6.4 Invalid Segment Exception (ISG) 

This exception will occur If a PrograP. Virtual Address (PVA) 
refers to a non-existant Segment Register (SEGN0>63) or to a 
Segnent Register which has a validity of one, See also 
Section 3.6.1. 

This exception can occur on any Instruction reference; 
and on all storage references for data, I.e., nost V-forrnat 
Instructions and N-format lnstructlons using RSR, RSK, RXR, 
RXK, XRR, and XKR operand selection modes. 

The execution of the Instruction will he suppressed. The 
contents of the base address registers referenced must he 
changed to allow uninterrupted re_executlon. 

3.10.6.5 Access Violation Exception (AVL) 

This exception will occur If the type of access requested to 
a segment as: instruction execution, data loa<l, or a d<ita 
store, is not permitted due to the corresponding bit of the 
Access Control Field (ACn) currently active Cn=ACF!ll being 
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one. See Section 3.4.2. 

This exception can occur on any instruction reference; 
or on data references to storage, I.e., most V-format 
instructions and N-format Instructions having operand 
selection modes of RSR, RSK, P.XR, RXK, XRP, and XKR. 

The execution of the Instruction ls sunpressnd and the 
instruction ts re_executahle. 

3.10.6,6 8ounrlary Violation Exception (RVL) 

This exception will occur if the Program Virtual Address 
(PVA) does not have the appropriate numher of low order zero 
bits for the length of the operand In storage referred to. 
See also Section 3.3.2. 

This exception 
Instructions having 
nxn, RXK, xnr, and 
douhleword operands. 

can occur with V-format and N-format 
operand selection modes of RSR, RSK, 
XKP that refer to halfword, word, or 

The execution of the Instruction will he suppressed, The 
contents of hase address or Indexing registers referenced 
must he changed to allow uninterrupted re_execut!on, 

3.10.6.7 Register Specification (PSI') 

This exception will occur if a douhleword operand ts to he 
fetched or set Into a General Purpose Register or System 
Control P.eglster ~!Ith an odd arlrlress (1,3,5, .•• ) or If a 
quadword orerand ls to be fetched or set Into a reneral 
Purpusc Register with en arldress which ls not a multiple of 
four Cl,2,3,5,6, ... ). See Section 3.2 and 3,R. 

Instruct tons where 
described In Appendix ~. 

this exception can occur arc so 

The execution of such lnstruc~lon ls suppressed, They 
vii 11 ecnera11 y not be re_executahlf' In an unlnterruptahle 
rianner. 

3.10,6,8 Unrlf'fined (1peration Cocle Fxceptlon (l!f1r) 

This exception occurs when the code field of the Instruction 
has no function assicned, This ts t~e case with one V-format 
end various N-forrnat code flclrls, See Section 3.7. 

All actions are suppressed. 
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3.-10, 6, 9 Succf'ssful Branch Excr'ptlon (SJ\r) 

This exception ~1111 occur vihf'never tbe Succf'ssful !\ranch 
Mask hit (SOM) In thf' Control V~ctor Is one and a hrancb 
Instruction takes the Indicated hranch address, 

Instructions suhject to this lnterruot are so descrlhed 
In Appendix fl. 

The lnstructlon ls conpleted and the lnstructlon address 
Is set to the next Instruction to he executed, 

If the Last Branch Address Control (Lqtc) hit in the 
Control Vector (CV) was 0 then the Last Rranch /\ddrPSS 
lkJ;lstP.r (LR/\) ~!Ill huve been set. 

3,10.6,10 i\rldress t~utch Excrption (MIT) 

This exception wlll occur whenever a Pro~rarn Virtual i\rldress 
(PV/\) used as an Instruction or data rrff'rences natc~PS the 
address SPt Into the i\rlrlrpss l~atchlnr; rer;lstN (/\"!") anrl thf'> 
Address Hatch r~ask (flt'l1) Is one, 

This exception can occur on any instruction rP.fPrPnce; 
or on data referf'nces to stc.rar;e, l ,(',, nost V-fnrFat 
Instructions and N-fornat instructions havin~· OPPrand 
selection rnorles of r.sr, rsr., rxr, nxr., XPP, and x~r. 

The Instruction Is suppressf'd, The tar~Pt arrf'ss of a 
Branch Instruction 1·!111 not ca11sf' an M'T exc£>ptlon, thP 
fetchinr: of the suhseciu<:'nt Instruction hm1£>vf'r 1·1111 cause 
the i\t1T except ion, 

3,10,7 SysteM Service Call 

i\ System Sf'rvice C;il 1 intl"rrupt occurs 1·1hf'n£>ver the prorrcM 
executes a Systen Service Call (SSC) whilf'> the sscr hit In 
the control vector ls 0, 

3.10,8 Utility Service Call 

i\ Utility Service Call interrupt occurs whenever the pro~ran 
executes a Utility Service Call (USC). 
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3.11 Instructions and Functions 
We will distinguish sixteen categories of functions 

which the Instruction set of the MASCOR 132 supports. These 
cater,orles are listerl In table 3.11.1. In the subsequent 
sixteen sections which correspond to these categories all 
Instruction types will he listerl. A detailed description of 
every Instruction is given in appendix r. to this manual, 
which ls also divided Into sixteen corresponding sections. 

Instructions of various formats may appear within a 
functional category. If the instruction is of the N-format 
then it may be available in a number of operand selection 
modes, To designate which operand selection modes are 
available for a given N-format instruction an operand 
selection class code Is given with the format for every 
N-format Instruction, The correspondence between the operand 
selection classes and operand selection modes Is r,iven in 
table 3.11.2 • 

In the mnemonics for the instructions that follow 
certain conventions regarding the character Identifying the 
data formats are used. These conventions are listed in table 
3.11,3, Where more than one data format is relevant to the 
instruction the source data type Identification will precede 
the result Identification in the mnemonic, 

Table 3,11,l Cater,orles of Instructions 

l, Control Instructions 
2. Data move instructitins 
3. Logical operations 
~. Compare Instructions 
S, Conditional branch instructions 
6, Unsigned hlnary arithmetic 
7. Sir,ned binary arithmetic 
8, Truncated floating point arithmetic 
9, Rounded floatin~ point arithmetic 

10, DecimHl arithmetic 
11. Byte string operations 
12, Shift instructions 
13. Convert instructions 
14. Prlvlleged central processor control 
15, Privileged primary stor~ge system control 
lG, Privileged input/output interface control 



MASCOR 132 Reference Manual 3.11-2 

Table 3.11.2 Operand Selection Classes 

A RRR,RRK,RSR,RSK,RXR,RXK,XRR,XKR 
B RRR,RSR,RXR,RXK,XRR,XKR 
C RRR,RRK,RSR,RSK,RXR,RXK 
D RRR,RRK,RSR,RSK 
E RRR,RSR,RXR,RXK 
F RRR,RRK 
G RRR,RSR 

·H RXR,RXK 
! XRR,XKR 
J RRR 
K similar to RRR,RRK 
L · similar to RRR 
M similar to RRK 
N similar to RSR 
0 no operands 

Table 3,11,3 Data Format Identification In Mnenonics 

Unsigned binary integer U 
Signed binary integer I 
Truncated floating point E 
Rounded floatin~ point F 
Decimal arithmetic, unsigned TU 
Decimal arithmetic, signed Tl 
Single byte B 
Byte strings S 
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3.11.1 Control Instructions 

The control Instructions allow a user program or system 
program to alter the flow of control, do address arithmetic, 
specify the number of Iterations for subsequent Iterative 
operations, and control those system states that are not 
~ilthln the privileged domain. The Instructions are listed In 
tahle 3.1.11.1 • 

Table 3.1.11.1 Control Instructions 
Tl t 1 e Mnemon I c 

Branch unconditional 
Branch uncond It 1ona1, Indexed 
Branch unconditional, relative 
Subroutine Call, External 
Subroutine Return, External 
Subroutine Call, Internal 
Subroutine Call,. Internal, 

Rel.-tlve 
System Service Call 
Utility Service Call 
Address Add Byte 
Address Subtract Byte 
Address Ad.d Halfword 
Address Subtract Halfword 
Address Arid \lord 
Address Subtract \lord 
Address Add Ooubleword 
Address Subtract Doubleword 
Address Add Direct 
Address Add Relative 
Test and Set Lock 
Reset Lock 
Set Iteration Count 
Set Subtract Iteration Count 
Get Iteration Count 
Set Control Vector Byte 
Get Control Vector Byte 
Trap 
Pause 

BRU 
BRUX 
BRUR 
CALL EX 
RE TEX 
CALL IN 

CALL I NR 
SSC 
USC 
AD RAS 
ADRSB 
AD RAH 
ADRSH 
AD RAH 
ADRSH 
AD RAD 
ADRSD 
ADRAV 
ADRAR 
TSETLOCK 
RSETLOCK 
SET I TC 
SETS ITC 
GET ITC 
SETCVB 
GETCVB 
TRAP 

.PAUSE 

Format 

NL 
NK 
I 
NL 
NL 
NL 

I 
NM 
NM 
NF 
NF 
NF 
NF 
NF 
NF 
NF 
NF 
v 
I 
NN 
NN 
NK 
NK 
NK 
NL 
NL 
NO 
NO 
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3.11.2 Data Move Instructions 

The data move Instructions provide for the fetching of 
operands from storage, the transfer of operands b~tween 
registers, and for storing the results from registers Into 
storage. 

Instructions are provided for operand lengths of 8 bytes 
(doublewords),. 4 bytes (words), 2 bytes (halfwords), and 
Individual bytes. 

Three types of instructions use the Iteration counter to 
provide loading and storing of multiple sequential words or 
double ~mrds. 

Three byte Instructions (LPB, SPB, MPH) view the 64 
general purpose registers as a contiguous field of 256 
bytes, addressed through a register to allow convenient 
construction of complex character sequences. 

/\load Immediate instruction (L'l) allows setting a 
register with up to 24 bits from the instruction Itself. All 
these instructions are listed in Table 3.11.2.1. Additional 
Instructions are provided for moving byte strings within 
storage, which may also be helpful when moving other data 
types. These are discussed In section 3.11.11 (Bytestring 
instructions) hereafter, 
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Table 3.11.2.1 Data Move Instructions 
Title Mnemonic 

load word/double word 
Store word/double word 
load direct word/douhle word 
Store direct word/double word 
Store 1'1ord/ doub 1 e 1~ord In vector 
Load double word group 
Store double word group 

Load half word left 
Load half word right 
Store half word left 
Store half word right 
Load direct half word right 
Store direct half word right 
Insert half word right 
Insert half word left 
Insert direct half word left 

Load byte zero 
Load byte three 
Store byte zero 
Store byte three 
Load direct byte three 
Store direct byte three 
Insert byte zero 
Insert byte one 
Insert byte two 
Insert byte three 
Insert direct byte zero 

Load register position with byte 
Move register position byte 
Store register position byte 

Load Immediate 

l 
s 
LV 
SV 
SVEC 
LDG 
SDG 

LHL 
LHR 
SHL 
SHR 
LVHR 
SVHR 
l fJSHR 
I tlSHL 
INSVHL 

LBO 
LB3 
SBO 
SB3 
LVB3 
SVB3 
INSBO 
I tlSBl 
INSB2 
lfJSB3 
INSVBO 

LPB 
MPB 
SPB 

LM 

W/D 
IJ/D 
W/D 
W/D 
1-1/D 

3,11-5 

Format 

NE 
NI 
v 
v 
NN 
NN 
NN 

NE 
NE 
NI 
NI 
v 
v 
NE 
NE 
v 

NE 
NE 
NI 
NI 
v 
v 
NE 
NE 
NE 
NE 
v 
NN 
NN 
Ntl 

M 
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3.11.3 Logical Operations 

A large set of lo~tcal operations, that operate on 
strings of 32 bits (words) or 64 bits (douhlewords) ts 
provided. 

The following Table 3.11.3.1 lists these operations wlth 
their functions on Individual hits. The bit complement 
function Is accomplished by the Or Complement operation wt th 
an Immediate operand of zero. All possible bit patterns of 
two operands may be generated by executing a sinBle 
Instruction with the exception of Comnlement (A and Bl and 
Comrlement (A or B) v1hich rN1ui re tv10 instructions. 

An additional two Instruction types allow the bitwise 
merging of one operand Into another according to a bit mask 
provided in the third operand, these operations are 
available only on sinr,lf' v1ord orerands. 

T1vo Instruction <il lm·1 setting of the sign bit In 1·1orrls 
or doublewords as a convenient means for buildin~ bltstrings 
for further logical operations and tests. ~ 

Table 3.1.11.3 Logical Oreratlons 
Title Mnemonic Format Function 

A OOll 
B 0101 

And AND \"J/fl tlA MB 0001 
And Complement ANC 11/D ?JA A6'.""'B 0010 
Inverse And Comrlement IANC \-1/{1 NA ~M,P, 0100 

Or OR W/D ~!A AIB 0111 
Or Complement ORC \·J/[) t1A An'I lOll 
Inverse Or Complement IORC \l/D NA ~AIB 1101 

Exclusive Or XOR \fl D NA (At B H:~( MB) 0110 
Exclusive Or Comrlement XORC \J/D NA (MB) !~CAI B) 1001 

Logical Merge MRG MD 
Inverse Merge 1rmG ND 

Set Lear.Jing bit to one SETSlt,N \!/D NB 
Set Leading bit to zero RSETSIGH \-1/D rm 
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3.11.4 Compare Instructions 

A set of compare instructions Is provided for the 
testing of greater than, r,reater than or equal, equal, not 
equal, less than and less than or equal conditions appl led 
to unsigned anrl signed binary or decimal lnteg;ers, floating 
point numbers anrl the value zero of both single and double 
word lengths, as ~:el 1 as for bytes. In byte compnrlson 
operation bytes are always treated as unslp;ned quantities. 

For the testing; of equal to anrl ·not equal, two 
additional tests are provided, one which allows testing a 
part word and zero by using a mask, and one that tests a 
byte in storage vii th zero. The result of all tl:ese 
comparison operations ls a full word of ones or a full word 
of zeroes, set in a specified p;P.nP.ral purposP. register, 
depending on whether the result of the comparison is true or 
false. 

ThP.se results may bP. combined with other comparison 
results by usin?. the logical operations described In the 
preceding section. 

All these comparison operations types are listed In 
Table 3.11.4.1. 

Additional conparlson Instructions exist for 
bytestrlnp;s, which are described In that section. 
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Table 3.11.4.l Compare Instructions 
Tl t le Mnemonic Format 

Co1'1pare greater than unsi.e;ned CGTU \'l/D ND 
Compare gr eater than inte.e;er CGTI \'ti D !!::J 
Compare greater than floatlnY, point CGTF \l/D NG 
Compare greater than zero CGTZ \'l/D r:H 
Compare greater than byte CGTB rm 

Cor.1pa re greater or equal to unsip;nerl CGEU \// D rm 
Compare greater or equal to inter;er CGE I \// D rm 
Corn pa re greater or equal to float Ing pt. CGEF \!JD t:G 
Cor.ipa 1·e greater or equal to zero CGEZ \·l/D ~;H 

Compare greater or equal to byte CGEil t:o 

Co1'1pare equal CEQ \/JD rm 
Compare equal to zero CE<;Z \IJD r!H 
Compare equal to zero part word CEOZP 'di D MG 
Compare equa 1. to byte CEO.fl rm 
Compare equal to zero byte CF.QZB fJ!-l 

Compare not equal CflE vi/ D fJD 
Compare not equal to zero ClJEZ vl/D tJH 
Compare not equal to zero part 1·10 r c' cr!EZP \·// f) Nfi 
Compare not equal to byte C'lEf\ ND 
Cor01pa re not equal to zero byte er; Em tl!i 

Compare less than or equal to unslgnerl CLEIJ \l/D "" I~ Li 

Compare less than or equal to Integer CLEI \·!/D N!'> 
Compare less than or equ0l to float. pt. CLEF \l/D J!G 
Con pa re less than or equal to zero CLEZ \IJD rm 
Campa rr; less than or equal to byte CLER ND 

ComparP. less than uns 1 gnl"rl CLTU vi/ P t-Hl 
Compare less than inter;er CLTI \/JD ND 
Compare less than floating point CLTF '.'l/D NG 
Compare less than zero CLTZ \l/D NH 
Compare less than byte Cl rn ND 
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3.11.5 Conrlltlo~al Branch Instruction 

A set of conditional branch lnstruct!ons that matches 
the compare Instructions of the preceding section Is 
provided, which on finding that the result of the comparison 
ls true, will branch to a specified Instruction In stora~e 
or If the result of the comparison ls false proceed to the 
next instruction, Two adrlltional Instructions that permit 
branching relative to the instruction address provide 
simplified handling of sign dependent tests. These 
Instructions are listed according to function In Table 
3.11.5.1 • 
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Table 3.11.5.1 Conditional Branch Instruct tons 
Title 1.1neMon le Format 

Branch if greater than unsigned BGTU \'//D rm 
Branch if greater than Integer !3GTI ~·I/[) ND 
Branch If greater than floating point !lGTF \J/D NG 
B retnch if greater thetn zero BGTZ H/D NH 
Branch if greater than byte P,GTS MD 

Bnrnch l f greater or equal to unsigned BGEU \·1/0 MO 
Branch if greater or equal to Integer BGEl \'!ID ND 
Branch if greater or equal to 

floating point BGEF \J/D t!G 
Branch l f greater or equal to zero BGEZ 11/D l!H 
Branch l f greater or equal to zero 

relative sr,~zR I 
Branch lf greater or equal to byte BGEB rrn 

P.ranch l f equal to vJOrd/ doub 1 e word BEQ W/D rm 
Branch if equ<t1 to zero BE(lZ \J/ [) l!H 
Branch if equal to zero part v1ord !lEOZP ll/D nri 
Branch If equal to byte BEOB !JD 
Branch If equa 1 to zero byte BEQZB lift 

fl ranch if not equal to \·JO rd/ doub 1 e word B!lE ~J/D rm 
Branch l f not equal to zero ?..NEZ ':l/D MH 
Branch if not equal to zero part v1ord Bt!EZP \·l/D NG 
Branch l f not equal to byte Bil EB !ID 
Branch if not equal to zero byte B'·!Ezr. !Hl 

Branch If less than or equal to unsigned BLEU ll/D ND 
Branch if less than or equal to integer RLEl \-!/ D 110 
Branch If less than or equal to 

floating point BLEF \'// D r~G 

Branch If less than or equal to zero BLEZ \·J/D tiH 
Branch if less than or equal to byte BLEB · ND 

Branch l f less than unsigned BLTU W/D rm 
Branch if less th2n integer BLTI \·!/D ND 
Branch l f less than floating point BLTF ll/ [) NG 
Branch If less than zero BLTZ \J/D rm 
fl ranch if less than zero relative BLTZR I 
Branch If less than hyte BLTB ND 
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3.11.6 Unsigned Binary Arithmetic 

The four basic operations of arithmetic: add, subtract, 
multiply, quotient, and also remainder of division, together 
with the inverse operation for the non-commutative 
operations: Inverse subtract, Inverse quotient, Inverse 
remainder are provided, 

These eight operations are available In a 
of operand selection modes, allowing register 
storage to register and register to storage 
modes. 

complete set 
to register, 
operational 

For each of the four basic operations extenrled 
lnstruct16n types provide facilities for arithmetic of high 
precision, These are available in a more limited number of 
operand selection modes, Each instruction type ls 
Implemented for both single and double word operands. 

Unsigned arithmetic ls equivalent to modulo (2 to the 
power 32 or 64) arithmetic, None of ihe operations can cause 
overflow and hence the Z-hlt will always he left undefined, 
The carry bit, Y, has an important function in these 
instructions because It provides a convenient means of 
linking multiple operations together to provide very fast 
high precision addition and suhtractlon, The available 
operatlons are listed in table 3,11,6, 

Table 3.11.6 
Title 

Unsigned Binary Arithmetic Instructions 

Unsigned Add 
Unsigned Add with Carry 
Unsigned Subtract 
Unsigned Subtract with Carry 
Inverse Unsigned Substract 
Unsigned tlultiply 
Unsigned Multiply Extended 
Unsigned ~uotient 
Inverse Unsigned O,uotlent 
Unsigned Remainder 
Inverse Unsigned Remainder 
Unsigned Division Extended 

Mnemonic Format 

ADDU W/D 
AD!WU W/D 
sunu wo 
SUBYU l~/D 
I SUBU l-1/D 
MULU W/D 
MULXU N/D 
QUOU H/!l 
IQUOU H/D 
REMU W/!l 
I REllU l'//O 
DIVXU W/D 

NA 
NC 
NA 
NC 
NA 
NA 
l·IJ 
NI\ 
NA 
NA 
NA 
NJ 
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3. 11. 7 Integer Binary Arithmetic 

The four basic operations of arithmetic : add, suhtract, 
multiply, quotient, and also remainder of division, together 
with the Inverse operation for the non-co~rnutatlve 
operations: inverse subtract, inverse quotient, inverse 
remainder are provided. 

These eight operations are available in a 
of operand selection modes, allowing register 
storage to re~lster and register to storage 
modes. 

comolete set 
to rep-ister, 
operational 

For the operations add, subtract, an~ multiply extended 
Instruction types provide facilities for arlth~etlc of high 
precision. These are available in a more 1 imited number of 
operand selection modes. Each lnstructlon type is 
Implemented for both single and douhle ¥ord operands. 

Integer arithmetic provides for both positive and 
negative 31 bit and G3 bit quantities. tlezative quantities 
are represented in two's complement form and as such will 
have the leading bit one. Operations that cause the 31 hit 
or 63 hit field to be exceeded will cause a binary integer 
overflow exception, or if the exception is masked, tbe Z bit 
to he set to one. The carry hit, Y, may also be set by these 
Instructions but Its setting is undefined. 

Table 3.11.7.1 
Title 

Integer Binary Arithmetic Instructions 
Mnemonic Format 

Integer Add ADDI 11/D NA 
Integer Adrl wt th Carry AODYI 11/0 f·lC 
Integer Subtract SUR I 11/D ?!A 
Integer Subtract v1I th Carry SUBY I \l/D tJC 
Inverse Integer Subtract 1sur.1 1//0 r·!A 
Integer Multiply ti.UL! \!/ 0 HA 
Integer tlul ti ply Extenrled HULXI 11/D NJ 
Integer Quotient QUOI \·!/D NA 
Inverse Integer Quotient IQUOI '!/D NA 
lnter;er Remaln<ler Rm I \·!/D NA 
Inverse Integer Remainrler IRP11 \l/D NA 
Absolute Value Integer ABS I W/D NB 
Negate lnter,er NEG! \l/D NB 

3.11.8 Truncaterl Floating Point Arithmetic 

The four basic operations of arithmetic are provided, 
together with Inverse operations for the non-commutative 
operations. Both single and double worrl operanrls ere 
provided for and a large set of operand selection morl~s Hrr 
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provided. 
In order to achieve 

operation Is provided. 
point operand can be 
instruction. 

proper sign 
The absolute 

ofitained by 

3.11-13 

control the negate 
value of a floating 

using the RSETSIGN 

All operations expect and return normalized floating 
point numbers, or true zero. Operations on unnormalized 
numbers or on ne~ative zero may entail a loss of precision, 
but all Instruction except negate (NEG) will still produce a 
normalized or true zero result. Al 1 internal lnterf'lediate 
results are carried out to at least 7 hexadecimal digits for 
single word (6 hexadecimal digit fraction) operands and to 
at least 15 hexadecimal digits for double word (14 
hexa<lccirvil rligit fraction) operands, The final results 
however are truncated again to 6 or 14 hexadecimal digits, 

Table 3,11.8,l lists the available Instructions. 

Table 3,11.8.1 Truncated Floating Point Instructions 
Title Mnemonic Format 

Add floating ADOE \•!ID NB 
Subtract floating SURE 11/[l NB 
Inverse subtrnct floating I SUflF. ~1/0 Nfl 
I.Ju 1 tip 1 y floating nULE \J/D flB 
Quotient floating QUOE W/[l NP. 
Inverse quotient floatln3 IQUOE \l/D NB 
Ner;nte f1 oat i ng ti EGE 11/D NB 

3,11,9 Rounded Floatln~ Point Arithmetic 

An Identical set of Instructions for the four basic 
arlthMetlc operations exists which provides rounded results. 
Rounding Is achieverl by taking the high order bit of the 
hexadecimal digit that otherwise would be truncated, and 
adding the value of that bit to the low order position of 
the absolute value of the result. 

An additional bit of significance ls carried In the 
lnternediate calculations to insure correctness of the 
leading bit of the guard digit. 

A separate operation exists to shorten a rlouhle word 
floating point number to a single word floating point numher 
by roundinr:. 

All th~sc operations arc listed in Table 3,11,9.1. 
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Table 3.11.9.l 
Title 

Rounded Floating Point Instructions 
Mnemonic Format 

Add floating and round ADDF \•I/fl t!R 
Subtract floating awl rounrl SUflF 11/D NB 
Inverse su!:>tract floatinr; an<l round fSUf\F \·!/D NB' 
Multiply floating and round 11,ULF \I/[) rm 
Quotient floating and round QUOF \l/D rrn 
Inverse quotient floating round IOUOF \!/[) rrn 
Round floatlnp; ROUtWF tlJ 

3.11.10 Decimal Arithmetic 

The operations add and subtract for decimal operands are 
directly implemented. The unsi~ned instruction can ~ancle up 
to 16 digits In a doubleword whereas the signed instructions 
can handle a sign and up to 15 digits in a douhleword. 
Through the use of the carry bit, Y, these ooerations are 
easl ly combined to al 10•:1 handl inz of decimal Or>eranr1s of any 
lenp;th, 

A decimal digit occupies four bits and may have the 
values from zero ( 8 1 0000 1 ) to nine ( 8 1 1001 1 ). Negative 
decimal operands are representerl in tens complement notation 
and hence will have the leading digit eoual to nine ( 
8 1 1001 1 ). Signed rlecir.1al numbers must havP. a proper sipcn 
digit in the first position and the Signed Decimal t?umher of 
-0 ( 8 1 1001 0000 ... 1 ) ls not vvl id. lnval id rlecimal 
patterns will not be generated by decimal instruction 
without causing an exception. 

These decimal Integer Instructions are listed in Table 
3.11.10.1 • 

Other operations on decl~al operands can he carrierl out 
by usinr, the decimal and binary· shift instructions, the 
unsi~ned and signed compare instructions, or the appropriate 
binary Instructions usiny, the conversion instructions to and 
from binary. 
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Table 3.11.10.1 Decimal Arlthm~tlc Instructions 
Title Mnemonic Format 

Add base ten unsigned ADD TU W/O NC 
Add with carry base ten unsigned ADDYTU \'l/D NC 
Add base ten signed ADDTI W/0 NC 
Add with carry bas~ ten signed ADDYTI W/D tJC 
Subtract base ten unsigned SUR TU W/O MC 
Subtract with carry base ten 

unsigned SUBYTU \·/ID tJC 
Subtract base ten signed SUBTI W/D NC 
Subtract with carry base ten 

signed SUBYTI W/O NC 

3.11.11 B)!te StrinP.: D[leratlons 

Instructions that manipulate byte strings which may be up to 
an entire segment long CO to 2**24) bytes are a feature of 
the llASCOR 132. The length of the strings to be operated on 
Is always set into the Iteration counter before the 
Instructions can be used. The Iteration counter can be 
loaded with values up to +/- (2**31-1) • 

The Instructions are all interruptible and the Iteration 
counter will provide information on how far the Instruction 
had progressed when Interrupted or terminated. Sequences of 
compare Instructions may be executed with a single setting 
of the lter2tlon counter, Byte strings riay bP. moved in 
memory both in forward and reverse order to avoid overlaying 
of strings on themselves, These operations may also he 
useful for mov l ng d;i ta vectors of other data types. Byte 
strings may also be loaded or stored from registers, In that 
case the 64 registers are viewed as a byte addressed field 
of 256 bytes length. 

Compare Instructions exist both for the comparison of 
bytestrings to each other and for the searching for specific 
bytes In byte strings. In the first case only four hardware 
functions are provided since the remaining hm are 
sy01!'1etrical to tv10 of the provided ones. To manipulate 
Individual bytes many Instructions are provided In the 
precedlnt, sections. 

All byte string operations are· listed in Table 
3.11.11.1. . 
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Table 3.11.11.l Byte String Instructions 
Title Mnemonic Format 

Move byte strl ng lower In storage MSL Nfl 
Move byte string higher In storap,P. MSH Nil 

Load byte strl nr, Into rep; Is te rs LS NN 
Store byte string from registers SS NN 

Store byte Into bytestrlng SBS rm 

Compare byte string equal to 
byte string CEQS NN 

Compare byte string not equal to 
byte string CtlES rm 

Compare byte string less than or 
equal to byte string CLES NN 

Compare byte string less than 
byte string CLTS NN 

Compare byte greater than 
byte string CGTSB !IN 

Compare byte greater than or 
equal to byte strin~ CG ESB Nt! 

Compare byte equal to byte string CEQSB IHI 
Compare byte not equal to 

byte string CNESB rm 
Compare byte less than or equal to 

byte string CLESB UN 
Compare byte less than byte string CLTSB Nfl 

3.11.12 Shift Instructions 

Shift Instruction which will fetch the contents of a 
register or storage cell and deposit it shifted by Oto 63 
bit positions are provided. 

All shift Instructions operate on both slnKle and double 
word operands and the amount of shift Is always given In 
terms of bit positions to be shifted. The shift count is 
always taken modulo 6-. 

Four types of shift are provided: unsigned or lo~ical 
shifts, Integer shifts and decimal shifts which provi~e 
overflow Indication or sign extension, and circular shifts. 

Six bit count Instruction allow searching for 
consecutive zeros, ones, or bits eqwll to the first hit 
encountered in a word or <louhleword when scannin~ its hits 
form the left or right hand side. 

The Instructions are listed In Table 3.11.12.l. 
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Table 3.11.12.1 
Title 

Shift Instructions 
Mnemonic Format 

Shift unsigned left 
Shift unsigned right 
Shift integer left 
Shift inter,er rir,ht 
Shift circular left 
Shift <iecimal left 
Shift decimal rir;ht 
Count left bits equal zero 
Count right bits equal zero 
Count left bits not equal zero 
Count right hits not equal zero 
Count left hits equal 
Count right hits equal 

3.11.13 Convert Instructions 

SUL W/0 ND 
SUR \'l/D ND 
SILW/O ND 
SIR H/D ND 
SCL \'l/D NO 
STL \I/ 0 ND 
srn 1·110 ND 
CTLEQZ \•l/D trn 
CTREQZ 11/D NG 
CTLNEZ 11/0 NG 
CTRNEZ ~l/0 NG 
CTLH\ W/0 NG 
CTREQ W/D NG 

A complece set of instructions to convert single and double 
word floating point values to unsigned or s!r;ned binary 
Integers and vice versa is provided, This includes rounded 
operations to preserve the maximum precision possible when 
convertinr, to floating point. All floating point numbers 
generated will be properly normalized or true zero, 

Both unsigned anrl signed declnnl values may he converted 
to their binary counterparts using single word precision, 

Table 3.11.13.1 Convert instructions 
Title Mnemonic Format 

Convert unsigned to floating truncated 
Convert unsigned to floating rounded 
Convert unsigned to decimal 
Convert integer to floating truncated 
Convert inte£er to floating rounded 
Convert Integer to decimal 
Convert floating to unsigned 
Convert floating to si~ned 
Convert decimal to unsigned 
Convert declnal to Integer 

CVfWE \'1/D NJ 
CVP.UF W/D NJ 
CVR UT NJ 
CVRIE W/fl NJ 
CVR! F \·l/D NJ 
CVR! T NJ 
CVRFU \'1/0 NJ 
CVRF I vi/ D MJ 
CVRTU NJ 
cvr.T 1 NJ 
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3.11.14 Prlvller;ed CPU Control Instructions 

To control the CPU of the MASCOR 132 system four sets of 
reiisters must be controlled. 

To achieve this control, instructions to set and to read 
the control vector, to set the prof,ram status hlock, to set 
and to read the system control registers, and to set and 
read the segment registers arc provided. The instructions 
that ref~r to the system control registers have bot~ single 
word and double word capabilities. 

A WAIT instruction ls provided which causes the system 
to enter a state 11he re no process Ing takes p 1 <ice unt i 11 2n 
interrupt causes a statusswitch. instructions are listed in 
Table 3.11.14.l. 

Table 3.11.ll~.l 
Title 

Privileged CPU Control Instructions 
Mnemonic Format 

Set control vector 
Get control vector 

Set progra1~1 status block 
Ila l t 

Set system control registers 
OR Into system control register' 
AND Into system control register 
Get sys.tem control registers 
Set address match register 
Get address rnatch register 
Get real time clock 

Set segment registers 
Get segr.1ent rer,isters 
Set Se'.'mCnt register g;roup 
Get segment register group 

3.11.15 Privileged Primary Storage System 
Control Instructions 

SETCV NL 
GET CV !IL 

SETPSf: flL 
\Ill IT tlO 

SETS CR ll/D r:K 
ORS CR l'// D !lK 
J\tWSCR \l/D f!K 
GETS CJ: il/D tlK 
SET f,:.:R f!L 
GET/>.i:R NL 
GETRTC HL 

SETSGR NL 
GETSGH ML 
SETSGHG NL 
GETSGf<G NL 

To control the primary storage system of the llASCOR 132, the 
CPU has the capability to set up, search, and inv<1lidate 
entries In the PSS directory and its correspondinR hi~h 
speed directory, and release informntion fron the buffer 
back into main storil<,c. i\n additional operiltio11 provides 
<1cccss to the h;ish i 111'. fllnc ti c11 1;h i ch is usec' ''Y the PSS to 
translutc the pa~e identification field of the systera 
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vlr~ual addres* to pointer Into the PSS directory. 
The Instructions provided to carry out these functions 

are listed In Table 3.11.15,l, 

Table 3.11.15.1 Privileged Primary Storage System 
Control Instructions 

Title Mnemonics Format 

Set PSS directory registers 
Search PSS directory 
Invalidate high speed PSD entry 
Invalidate high speed directory 
llash high order part of address 
Release page now in buffer 
Release segment from buffer 
Release buffer 

SET PSS 
SRCHPSD 
IHSDE 
IHSD 
HASH 
RELPAGE 
RELSEG 
RELBUF 

NL 
NL 
NL 
NO 
NL 
NL 
NL 
NO 

3.11.16 Input/Output Control Operations 

In order to control the flow of data that can move bet1~een 
the primary storage sub-system and the high speed secondary 
stor2ge uni ts, the standard l nput/output channels, and the 
periphercl processing units instructions are provided which 
will allow reading and writing of control words, the 
signalling of the presence of control words, and the masking 
to prevent or enable interruptions due to such signalling, 
These instructions are listed in Table 3.11.16.l. 

Table 3.11.lG,l Input Output Control Operations 
Title Mne111onic Format 

Set External Signal f•\ask Register SETESl':R MK 
Get External Signal M~sk Register GETESMR NK 
Output Into External Si·gnal Register, 

or 
Output into External Signal Register, 

and 
Control Input Signal Line Group 
Input External \lord 
Output External Word 

OUT SOR NK 

OUTSAND NK 
COMSLG tlK 
I NEX:·/ NK 
OUTEX~/ NK 
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CHAPTER Ii 

HIGll SPEED SECONDARY STORAGE UNIT 
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Ii.I INTRODUCTION 

The HIP-h Speed Secondarv Storage Unit (HSSSU) provides the 
system with a secondary storage unit with a hieh access rate 
and a high transfer rate. 

The HSSSU can be physically implemented either as a 
magnetic drum or as a fixed head magnetic disk. 

The HSSSU has two basic Interfaces: 

l. the control Interface 
2. the primary storage subsystem Interface 

The control interface connects the HSSSU to general pur;pose 
processors which are responsible for Initiating unit 
operations, and for accepting notification of the completion 
of such operations. 

The PSS Interface is used for three distinct purposes: 

1, the transfer of data to and from the PSS; 

2. the transfer of unit 
unit; unit commands 
performed by the unit. 

commands from the PSS to the 
determine the actual function 

3. the transfer of unit status information from the unit 
to the PSS, normally at completion of an operation. 

The typical unit operation ls initiated by a start signal 
received throuEh the control Interface. The unit will then 
execute a set of one or more unit commands v:hich will be 
fetched throuEh the PSS interface. Upon completion of the 
last command the HSSSU will store its status back in the PSS 
and then stop, waiting for a new start signal. 

Each HSSSU has the capability to support more than one 
set of control interface lines and more than one set of PSS 
interface lines (see FiEure 1i.1:1>. 

The operation of the HSSSU is determined by its control 
registers, the functions associated with the control 
Interface, the sequencing of commands and the functions 
associated with each command. The following sections will 
describe such functions in detail. 
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Figure 4.1.l HSSSU Interface Structure 
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4.2 CONTROL REGISTERS 

Associated each HSSSU there are four unit control 
registers, namely the Standard Control Path ReFister (SCPR), 
the Unit Command Path Rep;ister (UCPRJ, the ~U~n~i~t~-S~t=a~t~u~s~ 

\'Ii th 

Address Refister (USA~) and the Unit Co~nand Ad~ress 
Register (UCARl. 

4.2.1 Standard Control Path Rep;ister 

The Stilndard Control Path Rep:ister (SCPR) ls 4 bi ts ~ii de and 
determines which standard control interface path (see 
Section 4.11) is active. f,n HSSSU can have up to 16 st2ndard 
control interface paths. 

At any given time the HSSSU ~illl 
control signals only if they are c0ming 
standard control interface and will 
through said interface. 

respond to standard 
through the active 

only send signals 

The SCPR can only be set in conjunction vii th a !!!ll..!__ 
reset signal (see Section 4.4). 

4.2.2 Unit Co~nand Path Register 

The Unit Command Path Reeister (UCPR) is 4 hits wide and 
determines which primary storage suhsystem interface path is 
ilctiv,g. An HSSSU can have up to 16 primary stor11ge su!:Jsystem 
interfvce paths. 

At any given time all unit commvnds are fetched by the 
unit through the PSS interface selected by the UCPR. The 
storing of the unit status Is also performed through this 
Interface. 

In addition, the fetching and storing of the 1.f...:l field 
(see Section 4.3) will also always be done through the same 
interface. 

The UCPR can only be set in conjunction with a unit 
reset signal. 

4.2.3 Unit Status Address Register 

The Unit St<1tus f,ddress Register (USARJ is 40 bi ts wide and 
deterr11ines the system virtual address at \'1hich the unit 
status will be stored whenever necessary. The low order 5 
bits of the address are assumed to be zero. The address will 
be called the Unit Status Address (USA). 

The USAR can be set by executing a Setup unit corr:mand. 

4.2.4 Unit Commcind Address Heecister 

The Unit Command Address Register (UCARl is 40 bits wide and 
determines the system virtu~l address from w~ich the next 
unit command will be fetched. The low order 4 bits of the 
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address are assumeJ to be zero, The address will be called 
the Y.n.LL..Cornmand Address (UCA). 

The UCAR Is set in conjunction with a Start signal to 
the value of the USAR plus 32. The UCAR can be set to a new 
value by executing a Transfer command within a sequence of 
unit commands. 

The UCAR is incremented by 16 on every command fetch. 
The increme,ntation is done without a carry from bit position 
16 Into bit position 15, I.e., the low order 24 bits of the 
UCA arc incremented by 16 modulo 2•*21i. 
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4.3 ORGANIZATION 

Each HSSSU consists of a number of modules, 
consists of a number of sectors. Each nodule 
has the same number of sectors. 

4.3-1 

each module 
within a unit 

The number of modules per unit and the number of sectors 
per module may vary from one HSSSU model to another. 

At any given time, data transfers between a primary 
storage subsystem and a HSSSU can occur only to or fron a 
selected sector in a selected module. Switches from one 
sector to another can only occur on sectrir boundaries. 

Each sector consists of two areas: 

a. an 8-word key area, 

b. a (2**n)•64 word data area (where n ls a function of 
the particular HSSSU model). 

In other words, each sector contains a fixed length key and 
a fixed binary power of 64 word data paragraphs. 
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4.4 HSSSU STATES 

The llSSSU is at any given time in one of five possible 
states, namely halted, reset, fret, busy, or st;itus pending. 

The halted state is entered at the end of the po~1er on 
sequence, whenever a hardware malfunction is detected or 
whenever a primary storage subsystem exception occurs while 
the unit is attempting to store the unit status (see Section 
4.7). The h;ilted state can only be left upon rece1v1ng a 
unit reset signal. While in the halted state the unit will 
perform no normal activities although it 1·iill be available 
for the execution of certain maintenance functions. 

The reset state is entered upon the receipt of a unit 
reset sig;;alat the end of the reset procedure (see Section 
4.8). The reset state can only be left upon receiving a 
start or stop signal. 

If the unit becomes ready while in the reset state, the 
condition will remain pending until the unit becomes free, 

The free state is entered upon 
storing ~~operation not associated 
Section 4.G). 

completion of a status 
with the PCI flag (see 

The~ state is entered upon receipt of a start slr;nal 
(whenever in the free or reset stilte) or 1·1henever tre unit 
beconws ready (vihlle in the free state). The unit is in the 
busy state 1·1hile seeking for the sector to which.a command 
ls directed and while actually performing the transfer to or 
from that sector. The busy state is left upon normal 
completion of a co1nmand 1·1hose .?J:...Q.Q flar; is on or upon any 
abnormal occurrence which requires termination of the 
command, 

The status pending state is entered 11henever the unit 
attempts to store the unit status and finds that a previous 
status storing operation has not yet been acknowledged. The 
status pending state is left upon receiving the acknowledge 
signal for the processor notification line. 
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4.S CONTROL INTERFACE 

The control interface consists of two distinct sets of 
lines, namely the master control. lines and the st2ndard 
control 11 nes. 

There is only one set of master control 1 ines for each 
HSSSU. 

There are up to 16 sets of standard control 1 ines. Only 
one set is active at any given time as determined by the 
standard control path register (see Section 4,2). 

Control 1 ines can be of one of three types, dnta, inout 
or output. 

Data lines are used to set certain unit registers in 
conjunction with an incoming signal on an input line. 

Input line~ are used to transmit signals fro~ an 
external source to the unit. Associated with each input line 
there is an acknowled~e 1 lne used by the unit to communicate 
to the external source ackn011ledr;ement of an input signal. 
An input signal is detected whenever the input line is set 
to 1. To acknowledge an input signal means to set to 1 the 
corresponding acknowledge line, Whenever the input 1 ine is 
set to zero by an external source, the corresponding 
acknowledge line is also set to zero. 

Output lines are used to trznsriit signals from the unit 
to an external device. Associeted viith e2ch output line 
there is an acknowledge 1 ine used by the external device to 
communicate to the unit ackn0\'iledr;em0nt of the output 
sienal. An output sii:nel is generilted by setting the output 
line to l, The external device will acknowled~e the sii:nal 
by setting the acknowledge line to 1. Whenever such 
acknowledgement occurs the output 1 ine is reset to zero by 
the unit. 

In the definition of each control line we 1"ill indicate 
in parentheses if the 1 ine is a d<ita, input or output 1 ine. 

4.5.1 Master Control Lines 

There are 10 master control lines, the unit reset line 
(input), the four control path reset 1 ines (data), the four 
cownand path reset 1 ines (data), and the unit chn.ck 1 ine 
(output). 

The master control lines are permanently connected to 
the System ~onitor Unit (See Chapter 9). Through unit reset 
procedures it specifies which processor is in control of the 
unit operations and from 11hich PSS the unit COIT.r«ands are 
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fetched, 

\'ihenever a unit reset signal is detected, the unit reset 
procedure is executed (see Section 4.8), Such a procedure 
resets the unit to a kno~m, "quiescent" state, As part of 
the procedure the standard control path register ls set to 
the value represented by the state of the four control path 
reset lines and the unit command path register ls set to the 
value represented by the state of the four command path 
reset lines. 

This is the only procedure by which the active control 
path and the active command path can be modified. 

The unit check line is used to notify the System Monitor 
Unit of the occurrence of a hardware malfunction in the 
unit. 

4.5.2 Standard Control Lines 

Each set of standard control lines consists of three control 
1 ines, namely the start 1 ine (input), the stop I ine (input), 
and the processor notification line (output). 

The start signal directs the unit to start execution of 
a sequence of unit commands. 

The stop signal directs the unit to abort the current 
command and terminate the command sequence. 

The processor notification signal is issued by the HSSSU 
In conjunction with the storing of the unit status (see 
Section 4.7), Section 4.8 1vlll discuss in more rletall the 
procedures associated with all control lines. 
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4.6 UNIT COMMANDS 

Operations on a HSSSU are initiated by the detection of the 
start signal. If a previously initiated operation is In 
progress at the time the start line is set to 1, the start 
signal will remain pending until the unit becomes free. 

The start signal Is ackno1·1ledged either as soon as the 
f I rs t unit cor,1mand has been successful 1 y fetched or before 
the status storing procedure is Initiated if an error 
occurs. 

Upon detection of the start signal the unit cor.rnand 
address (UCA) Is set to the value of the unit status address 
plus 32; I ,e., it ls set to point to the next higher 32-byte 
block. Normal operation is then initiated. 

For each occurrence of the start signal the unit 
executes a sequence of unit commands consisting of commands 
whose stop flag (see Section 4.6,l) Is off. 

Each unit command is fetched by the f!SSSU frori the 
primary storage subsystem selected b~' the unit command path 
register. Commands are in the form of Unit Cornm;ind Quad~1ords 
(UCQ) which have the format of Figure 4.6.1. 
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+-------------------------------------------------+ 
I PSF I Cl·'tND I BLKADDR 
+-------------------------------------------------+ 

0 3 4 7 8 31 

+-------------------------------------------------+ 
FLAGS CADISPL 

+-------------------------------------------------+ 
0 7 8 31 

+-------------------------------------------------+ 
CASEGID PARCOUtlT 

+-------------------------------------------------+ 
0 15 lG 31 

+-------------------------------------------------+ 
DASEGID DAPARID 

+-------------------------------------------------+ 
0 15 lG 31 

Word Bits Field Name Field Symbol 

0 

l 

2 

3 

0-3 
4-7 
0-7 

0 
1 
2-7 

8-31 
0-lG 

lG-31 
0-15 

lG-31 

Path Selection Field 
Conimand f'. i e 1 d 
Flag Field 

Pror;ram Control Interrupt PCI 
Stop STOP 
Undefined 

Control Address displacement 
Control Address Se~ment Identifier 
Paragraph Count 
Data Adress Segment Identifier 
Data Address Paragraph Identifier 

PSF 
CMND 
FLAGS 

CADISPL 
CASEG ID 
PARCOUMT 
DASEGID 
DAPARID 

Figure 4.G,1 HSSS Unit Com~and Quadword 

The Path Selection Field (PSF) determines which primary 
storage subsystem data path, out of 16 possible, has to he 
used for the d<Jta transfer associated ~Ii th the command. Such 
selection Is totally independent from the path selected for 
unit command fetching, unit status storing, and key fetching 
and storing (which is determined by the unit co~nand path 
register). 

The CorQOJ_illJQ__kQg_g field (et.1t1D) identifies the type of 
operation to be performerl. 
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The Block Address field (BLKACOR) identifies the module, 
sector and paragraph address within a sector at \;hich the 
operation must initiate. The last n bits of the block 
address identify the paragraph within the sector (see 
Section 4.3 on the HSSSU orcanization). The high order 24-n 
bits identify the module and sector accordinc to a node! 
dependent encoding. 

The Control Address Se"ment Identifier (CASEGID) and the 
Control Address Displacement {CADISPL} form a system virtual 
address identifying a data area for the key or a new value 
for unit status or conm1and address recisters. 

The Data Address Se~ment Identifier (DASFGID) and the 
Data Address Pararrraph Identifier (DAPARID) form the high 
order 32 bits of the system virtual address identifying a 
data area. The low order 8 bits of the address are assumed 
to be zero. 

The Paragranh Count CPARCOUNT) determines the number of 
paragraphs (I.e., 64 word blocks) to be transferred. 

4.Ci.1 Unit Command Fla"S 

The unit cornm;rnd .f.!s"l&.§. (bi ts 0-7 of vJOrd 1 of the 
permit modification of the basic operations associated 
each command. Each flag is generally interpreted in the 
way In each command for v1hich it is meaningful; in 
commands certain flags are ignored. 

UCQ) 
\•ii th 
same 
sor.1e 

Table 4.G.1.1 provides the list 
Bit positions to which no meaning has 
be set to zero in order to guarantee 
possible future additions. 

of the defined flags. 
been assignerl should 

compatibility with 

Bit 

0 
1 
2 

3-7 

Table 4.6.1.1. Unit Command Flags. 

F 1 ag !lame 

Program Controlled Interrupt 
Null Data Transfer 
Stop 

Flag Symbol 

PC! 
NDT 
STOP 

The Program Controlled Interrupt flag (PCI) is used to 
notify the processor control! ing the HSSSU that a specified 
point in the command sequence has been reached. Whenever the 
PCI flag is on in the active co1'lr.iand, the status storing 
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procedure Is executed before Initiating 
command. 

execution of the 

The effect of the Null Data Trahsfer flag (NOT) Is a 
function of the direction of the data transfer associated 
with the command, It only affects the handl Ing of the data 
proper, not the transfer of the key, 

When the NOT Is associated with a read command, data 
transfer will be suppressed If the flag is on. When It Is 
associated with a 1·1rite command, all zero data will be 
stored in the appropriate sectors when the flag Is on. 

When the stop flag (STOP) is off it Indicates that the 
next sequential unit command must be executed. In that case, 
no status storing takes place upon normal completion of the 
operation. If the stop flag Is on, status Is stored and the 
command sequence is terminated upon completion of the 
command. 

4.6.2 Command Codes 

The llSSSU recognizes seven commands whose codes are given In 
Tnble 4. 6. 2.1. 

Table 4.6.2.1. 

Code 

0001 
0011 
0100 
0101 
0110 
0111 

All other codes are Invalid. 

4.6,3 Setup Command 

Command Codes. 

Command 

Setup 
No operation 
Read 
Write 
Seek 
Transfer 

In the Setup command the path selection field, the block 
address, the paragraph count and the data address fields are 
Ignored. The HOT flag does not apply. 

The Setup command resets the unit status 
register to the value specified by the control 
fields. The 101r1 order 5 bits of the displacement are 
and assumed to be zero. 

address 
address 
ignored 

No data transfer takes place. The command is considered 
completed as soon as the USAR is set to the new value. 
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If an exception occurs during execution of a setup 
command, status will be stored at the old value of the unit 
status address. 

!i, i;,ti No Operation Coro1mand 

In the No 
exception 
normally. 

Operation co~nand all fields are Ignored with the 
of the PCI and STOP flags which are interpreted 

No data transfer takes place. 
completed as so as it is decoded. 

!i,6,5 Read Command 

The command is considered 

The Read command Is used to transfer data from the HSSSU to 
the primary storage subsystem. The Read command wt 11· operate 
as fol lows: 

1, Upon reaching the sector Identified by the block 
address, eight words of data will he transferred froLl 
Its key area to the control address referenced in the 
UCQ (relative to the primary storage suhsystem 
selected by the unit cor,1mand path register>. The 10\'1 
order 5 bits of the control address will be ignored by 
the HSSSU but are not assumed to be zero. 

2, Data transfer from the HSSSU to the PSS wi 11 stfilL 
from the paragraph identified by the hlockaddress in 
the HSSSU and move data starting at the data address 
into the PSS. 

3. If the end of sector is reached before the block count 
is exhausted, the contents of the key area of the next 
sector are checked for being a 11 zeroes. If they are 
not, the data specification flag in the unit status 
will be set; data transfer will in any.case proceed 
from the first paragraph in that sector. the procedure 
Ii repe~ted if necessary until the paragraph count is 
exhausted. 

4. When the paragraph count is exhausted, data transfer 
is terminated. 

1n the process of transferring data, the HSSSU will 
collect information which will determine at the end of each 
sector, if any detectable errors have occurred. A data error 
exception will occur if such an error Is detected. Data 
transfer and command sequencing are immediately terminated, 
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4.6.6 \!rite Comm;ind 

The llrl te co"1mand is used to transfer data from the primary 
stor<ige subsystem to the HSSSU. The write command will 
operate as follows: 

1. Upon reaching the sector identified by the block 
address, eight words of data are transferred from the 
control addres~ referenced by the UCQ (relative to the 
primary storage subsystem selected by the unit command 
register) to the key area of that sector. The low 
order 5 bits of the control address will be ignored by 
the llSSSU, but are not assumed to be zero. 

2. Data transfer from the PSS to the HSSSU wi 11 start 
from the data address in the PSS and move data 
starting at the paragraph identified by the block 
addr<'SS into the HSSSU. 

3. If the end of sector is reached before the paragraph 
count is exhausted, the contents of the key area of 
the next sector are set to all zeroes; data transfer 
will then proceed to the first paragraph in that 
sector. The procedure is repeated as necessary until 
the paragraph count is exhausted. 

4. I/hen the paragraph count ls exh<lusted data transfer ls 
terminated. 

5. Zeroes are stored In the remaining paragraphs of the 
last referenced sector; upon reaching the next end of 
sector the comn1and is considered completer!. 

In the process of transferring data, the HSSSU will 
construct information which will he stored with the data for 
purpose of error detection at read time. 

4.6.7 Seek Co~nand 

In the Seek command, the control address fields, the 
paragraph count and the data address are ignored. The NOT 
flag does not apply. 

The Seek command will set the unit in the seek state 
(BUSY) until the end of sector of the sector selected by the 
block address is reached. At that point the command is 
considered completed. 
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4.6.8 Transfer Command 

In the Transfer command the block. address, the paragraph 
count, and the data address fields are ignored. The NOT flag 
does not apply. The STOP flag is ignored. 

The Transfer comraand resets t~e value of the unit 
command address to the value of the control address. The lo\'/ 
order 4 bits are ignored and assumed to be zero. 

The Transfer command is considered completed as soon as 
the new value has been set in the UCAR, 

If an exception occurs during the execution of a 
Transfer command, the command address in the unit status 
will point to the location follo~iing the Transfer corr.mand, 
not to the location pointed to by the Transfer co~nand 
itself. 
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!i,7 UNIT STATUS 

Upon termin<:ltion (either normal or abnormal) of a sequence 
of coG1m<:lnds, upon detection of the PCI flag being set to 1 
in the active command or whenever the unit becomes ready, 
the unit will attempt to store the unit status at the unit 
status address. The unit status consists of eight words, the 
Unit Status Double Quadword (USDQ) and its format ls given 
in Figure 4.7.1. 

+---------------------------------------------+ 
STSTATUS 

+---------------------------------------------+ 
0 31 

+---------------------------------------------+ 
'I ////!/!!!I!! I PARCOUNT 
+---------------------------------------------+ 

0 11 12 31 

+---------------------------------------------+ 
CASEGID I/I/I/I/I/II/II! 

+---------------------------------------------+ 
0 15 lG 31 

+---------------------------------------------+ 
I //////// I CADISPL 
+---------------------------------------------+ 

0 7 8 31 

+---------------------------------------------+ 
I EXSTATUS I 
+--------- ----------+ 
! I 
+--------- ----------+ 
+---------
+---------------------------------------------+ 

0 31 

Word Bits Field Name Field Symbol 

0 
1 
2 
3 

4-7 

0-31 
12-31 

0-15 
8-24 
0-31 

Figure 4.7.l 

Standard Status 
Residual Paragraph Count 
Command Address Segment Identifier 
Conpilnd Address Displacement 
Extended St<itus 

STSTATUS 
PARCOUNT 
CASEGID 
CADISPL 
EXSTATUS 

Unit Status Double Quadword Area 
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The Extended Status field (EXSTATUS) is non-zero only 
when certain unusual conditions occur. The contents of the 
extended status field are not predeternined hut are a 
function of the specific HSSSU model. 

Upon storing the USQ the HSSSU \Jill, ho~1ever, set to 
zero the four-word locations following the USQ whenever such 
conditions do not apply. 

The Standard Status field (STSTATUS) consists of a 
number of single bit fields identifying in detail the 
conditions which determined the storing of ·the unit status. 

The Hesidual Pi1rar;raph Count field (PARCOU~~T) i5 
meaningful only when the status is stored in conjunction 
with the completion of a con-mand sequence nnd indicates tlcc 
number of unused paragraphs In the data area identified by 
the last unit conmand. The residual paragraph count will 
always be zero upon normal completion. 

The Command Address Segment Identifier (CASEGID) and the 
Command Address Displacemnnt (CADISPL) form the system 
virtual address which is 16 higher than the address of the 
last co~~and whose execution has been initiated, 

Whenever a condition occurs which requires the storln~ 
of the unit status, the unit checks the processor 
notification line to determine if the previous status has 
been acknowledged, If not (i.e., the processor notification 
line is still on) the unit enters the st2tus p<'ndino; state. 
As soon as such acknowledgement is received, the unit will 
continue with the regular procedure. 

If the processor notification line is down, the status 
is stored at the unit status address and then the processor 
notification line is set to 1. If the status storing 
procedure was triggered by any occurrence other than the 
detection of the PCI flag being set to 1, the unit is set to 
the free state, If the status storing operation was 
triggered by .the PCI flag, the unit \1ill proceed to the 
execution of the active conmand. 

4.7.1 Standard Status 

The format of the standard 
li.7.1.1. 

status field is given in Table 
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0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
'12 
n 
14 

MASCOR 132 Reference Manual 

Table 4.7.1.1. Standard Status. 

Field Name 

Program Controlled Interrupt 
Status Pending Entered 
Unit Heady 
Unit Mot Ready 
Invalid Command 
Invalid Command Address 
Invalid Key or Data Address 
Read Only Key or Data Address 
Corrected Fetch Error 
STOP FLAG 
Data Transfer Overrun 
Data Specification (Non-Zero Key Detected) 
Data Error 
Stop Signal 
Device Synchronization Lost 

4.7-3 

Field Symbol 

PCI 
SPEN 
URD 
UNRD 
ICMND 
ICA 
I KO 
ROKO 
CFE 
STFL 
OTO 
OSP 
DERR 
STOP 
OSL 

The Program Controlled Interrupt CPCl) flag Is set to 1 
whenever the status storing was caused by the setting of the 
PCI flag in the unit command. 

The Status Pendin~ Entered (SPEN) flag Is set to 1 
whenever the status storing operation was delayed due to the 
lack of acknowledgement of a previous status storing 
operation. 

The Unit Readv CURD) flag Is set to l whenever the unit 
completes the power on sequence and It Is 'ready for 
operation, The status storing operation In this case Is not 
associated 1~1 th any unit coi:1111and and the command address 
field In the unit status is undefined, 

The Unit t!ot Ready CUl!RD) flag Is set to 1 In response 
to any cor,;mand except the Setup Command 1~henever the un It Is 
not In the ready status. 

The I nva 1 id Command Cl CMND) flag Is set to 1 whenever an 
Incorrect command· field specification or an lnval Id BLKJl.DDR 
ls detected. 

The lnval id Command Address C ICA) Is set to 1 1~heneveran 
Invalid system virtual address Is detected by the channel 
while attempting to fetch a conmrand. 

The lnvril ld KeY. or Data Address (IKO) is set to 1 
l~enever an invalid address is detected while attempting to 
access the PSS for Key or Data, 
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The Read Only Key or Data CROKD) Is set to 1 whenever 
the Read Only State 1s associated with the PSS Key or Data 
Area. ·this exception can occur only·ln conjunction \1ith the 
READ command. 

The Corrected Fetch Error CCFEJ is set to 1 whenever a 
correctable error has been detected and corrected In the 
process of fetching UCQ's, Keys or Data. 

The STOP FLAG CSTFL) Is set to 1 whenever the status 
storing was due to detection of the STOP FLAG in the UCQ. 

The Data Transfer Overrun (OTO) is set to 1 wheneve~ the 
PSS can not keep up with the transfer of data to or from the 
Device, 

The Data Specification (DSP) flag Is set to 1 whenever a 
non-zero key is detected in the process of transferring data 
to the PSS. 

The Data Error (DERR) flag Is set to 1 whenever an error 
in the data stored in the HSSSU has been detected, In this 
case the Extended Status (EXSTATUSl portion of the unit 
status will contain additional r.10del dependent inforr.iation. 

The Stop Signal (STOP) flag is set to 1 whenever the 
status storing was due to detection of a signal on the stop 
1 ine. 

The Device Synchronization 
whenever the llSSSU is discovered to 
orientation of the device. 
re-established when the device next 

lost CDSL) is set to 1 
have lost track of the 

Orientation ~1111 be 
passes Its origin point. 
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CHAPTEk 5 

STANOA~U INPUT/OUTPUT CHANNEL 
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5.2.4 Subchannel Status Address Register 
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5.4.1 Master Control Lines 
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s.0-2 



ll/'/.2/70 

1-\A:;iCOfl 132 Reference nanual 5.1-1 

5.1 llJTKODUCTIU!i 

The Standard Input/Output Channel (SIOC} provides the 
means for the transfer of data between a large variety of 
storace anu input/output devices on one hand and primary 
subsyster.1s on the other. 

TI 1 e S I 0 C de v i c e i n t er face i s comp at i b l e 11 i th the one 
acceptcu by a large number of the most popular devices. 

The list of devices 1,•hiclt can be attached to the SIOC 
Includes drums, fixed head disk drives, movable head disk 
drives, mass storage devices using optically and 
magr1etically coded strips, tape drives, line printers, card 
reaciipunch units, rnicrofil"1 printers, OCR devices, etc. 

The SIUC is a special purpose processor with two basic 
functions, n&11ely: 

l. to i1,1ple111t,nt the control led transfer of data between a 
prifl10ry storilge subsyste1.1 and a device; 

2. to control certain functions internal to the devices 
the1.1sr:o 1 ves. 

The SIOC has three basic interface5: 

1. the control i nterf<ice 
2. the prii11ary storage subsyster.1 interface 
3. the exterr,al (device) interface. 

The control interface connects the SIOC to a general 
purpose µrocessor 1·1hich is responsible for Initiating 
channel operations and for accepting notification of the 
cor.1pletion of channel operations. 

The P5S interface is used for three distinct purposes: 

l. the trans fer of dat<i to and from the PSS; 

2. the tr<:rnsfer of ch2nnel commands from the PSS to the 
channel; chonnel cor.1rnands determine the actual 
function performed by the channel; 

3. the transfer of £1@.~status Information fror.1 the 
channel to the PSS, normally at completion of an 
operation. 
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The external interface is used to transfer data to and 
from the external devices. 

The typical channel operation is initiated by a start 
signal received through the control interface. The channel 
will then execute a channel prografll consisting of or.e or 
more ctwnne'l commands 11h i ch 1·1i 11 be fetched through the PSS 
interface. Upon completion of the last co~Jand the channel 
viill store its status back in the PSS and then stop, 11aiting 
for a new start signal. 

E<ich SIUC ch;:innel has the capability to support r.1ore 
than one set of control interface 1 ines and r:iore than one 
set of PSS interface lines. In addition the external 
inrerf<ice can be multiplexed among r11any e.><ternal devices. 
(See Figure 5.1.l,) 

Because of the necessity of controlling internal 
functions of the devices (e.g., tape revlind, track seek, 
etc.) an appreciable portion of a typical channel program 
execution ti1.ie is spent 11ithout any transfer of data taking 
place. 

In order to use the channel resources r.1ore effectively 
the Slue is therefore organized ir1 such a way as to maintain 
control s ir11ul tancous 1 y over a number of channel proY,riJJOlS 
(provided they address distinct devices). Only one such 
channel pro;:rar.1, however, m<Jy be tr2nsferring data at any 
given ti11ie. 

"ihis "L.Jock 1~ultiplexor" organization alloVJs the SIOC to 
multiplex its d<Jta transfer capability among many devices on 
a "block" or "record" basis. 

In order to support this function the SIOC Is organiz:<Jed 
as a collection of subchannels. The numher of subchannels 
>iithin a ::illJC is a function~he pnrticular r.1oc'e1. Each 
subchilnnel can support one chvnnel pro:;rarn. 

The operation of the SIOC is determined by its control 
registers, the functions associated with the control 
interface, the sequencinr; of courn<Jnds and the functions 
associated Hith each comr.wncl. The follmii"ng sections 1·:ill 
describe such functions in detail. 
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To External Device Control Units 
+------------------------------------------+ 

Figure 5.1.1 SIOC lnte~face Structure 



11/22/70 

11ASCOk 132 Reference Manual 5. 2-1 

5.2 CONT~OL REGISTERS 

Associated with each SIOC there are two channel control 
registers, namely the Standard Control Path ~eRister (SCPR) 
and the Channel Co1;i1.1;rnd Path f(egister (CCPf:) 11hich affect 
the channel as a 11hole. 

In addition associated with each subchannel there are 
three subchannel control registers, narnel y the Sulichannel 
Unit Addrl'ss llc>[istPr (SUAr<), the Subchilnnel Sti"ltus i'.dc'rr,ss 
Hegist.n (SSi\i<) and the Subchannel Command /lcdriess llrr;ister 
(SCAii); they only affect the operation of the specific 
subchannel. 

5.2.1 Standard Control Path Register 

The Standard Control Path fle<'ister (SCPR) is 4 bi ts l'iide 
and deterrnines 1·1hich, out of possibly 16, stardard control 
interface path is active (see Section 5.4). active. 

At any given ti r.1e the channe 1 \'Ii 11 
control signals only if they are cominR 
standard control interface and will 
through said interface. The SCPH 
conjunction 11ith il channel reset sir,nal 

5.2.2 Channel Cor:unand Pa.th l!ep;ister 

respond to standard 
through the active 

only send signals 
can only be set in 

(see Section 5.4). 

The Channel Comwrnd Path He,,ister (CCPR) is 4 bi ts 1·iide 
and determines l'liiich, out of possibly lG, primary storage 
subsystem interface path is active. 

At any given tir.1e all channel coc1mands are fetched by 
the channel through the pr ir;~ary storage subsystem interface 
selected by the CCPR. In addition, the storing of the 
channel status is also performed throu;,h said interface. 

The CCPR can only be set in conjunction 11ith a channel 
reset signal. 

5.2.) Subchan11el Unit Address lter;ister 

The Subchannel Unit Address Register (SUAP.) is lG bits 
11idc <ind 1iill contain the address of the unit to 11hich the 
given sulich;:innel is presently connected (if any), 
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The SUAil can be set by executing a Select co1nmanc! within 
a channel program. 

5.2.4 Subchannel Status Address Register 

The Subchannel Status Address Register (SSAR) ls 'O bits 
wide ilnd deter1:1ines the system virtual address at 11hich the 
channel status 11i 11 be saved whenever necessary. The low 
order four bits of the address are assumed to be zero. Such 
address will be called the Subchannel Status Address (SSA). 

The SSA~ can be set by executing a Setup command within 
a chilnnel program. 

5,2.5 Subch<innnl Commilnd Address Register 

The Subchannel Co111r.1;rnd Address Register (SCAR) is 40 
bits 1·1ide and deterr.ilnes the system virtual address from 
which the next channel command for that subchannel must be 
fetched. The low order four bits of the address are assumed 
to be zero. Such address 11111 be cal led the Subch<innel 
Cor.11;1i111J Address (:.>CA), 

The SCAR is initially set to the value of the SSAR plus 
16. The SCAi( can be set to a ne11 value by executing either ii 
Select or Transf~r in Channel command within a channel 
prograril. 

The SCAI! Is increr.1ented by 16 on every command fetch. 
The incrementation is done without a carry from bit position 
16 into bit position 15, i.e., the low order 24 bits of the 
SCA are incremented r.1odulo 2**24. 
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5.3 STATES AND CONTROL FLAGS 

The channel 
number of basic 
control flags 
chanrw 1 • 

as a whole and each subchannel can be In a 
states. In addition the setting of certain 
will also determine the operation of the 

The channel ls in active state whenever the execution of 
a channe 1 command has been initiated and the char.ne 1 end 
condition (sec Section 5,6) for that command has not yet 
been detected. The cor.1mand In progress wi 11 be labeled the 
acdve co1rn.wnd. Such cor.·,i;mnd must belong to a channel 
progra111 associated with 011e subchar.ne l. That suLchanne 1 ·is 
called the active subchar.nel. Associated with the active 
cor.1mand there is the act Ive channel st<:tus. (Sec Sect ion 
5. 6.) . 

The chunnel will enter the st;itus pendin~ st;ite 
whenever, upon atte1•wt i ng to store the channel status, it 
finds that a previous status storing operation has not yet 
been acknowledged (see Section 5.~). 

The channel 1~i 11 enter the hal tcd state ~1henever a 
hard1i;:irc r.1ulfunction is d<>tected or a primary storage 
subsyste111 exception occurs ~1hile atte1~pting to store the 
channel status. 

If the channel Is not in any of the previous states,· the 
channel is said to be available. 

/\ subchannel Is free whenever there Is no channel 
program In progress associuted with thut suhchannel. 
Othendsc the subchannel is busy, 

Associated with each subchannel there is a skip st;ite 
flag 11hich is set upon completioh of a cor.-1mand according to 
the setting of the skip control flag In the command and the 
value of the status 1.1odifier bit (see Sections 5.5 and 5.6). 
The skip state flag is used in controlling channel command 
sequencing. The skip state flag is reset to zero at the end 
of a crn.1r.1and chain (see Section 5,5). 
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5, 4 C0NTl:U L I NTEHFAC E 

The control interface consists of two distinct sets of 
1 Ines, na1.iely th m<Jster control lines and the standnrd 
control 1 i nes. 

There is only one set of moster control lines for each 
Sli.JC. They control the channel as a 1·1hole an<l they are not 
associated 1vi th any specific control riath or subchannel. 

There are up to lG sets of standard control 1 Ines. Only 
one set is active at any given time as determined by the 
stand0rd control path register (see Sect Ion 5. 2). 

Control 1 Ines can Le of one of three types: data, l1llli!J;. 
o r Q!l.Ulll.t. 

JJat'L-ll&.Ji. are used to set certain channel registers, in 
cunjunction 1vith an incoming sign0l on an Input line. 

Input lines are used to tronsmit -~ from on 
external source to the ch2nnel. Associated wl th each input 
1 ine there is an acknol'lledr:e 1 ine used by the channel to 
cor.;1.;unicate to the external source ackn011ledr,ment of an 
input sir,nal. J\n Input si·gnal Is detected "1henever the input 
line is set to 1. To ackno~1lcdr,e an input sirnal r.1cans to 
set to 1 the corresponding acknowledge l lne, Whenever the 
input line is set to zero by an external source, its 
corresponding ackno1·iledge line is also set to zero. 

Outnut I Ines. are used to transmit signals from the 
channel to an external device, Associated with each output 
line there is an acknowledge line used by the external 
device to cu1;1r:1un i ca te to the channel acknov1l edgernent of the 
output sicnal. An output signal is generated by setting the 
output line to 1. The external device 11ill acknov1lec'ge the 
signal by sett inc the acknO\iledge I ine to 1. \'111enever such 
acklllhileJ;;er.1ent occurs, the output 1 ine is reset to zero by 
the chonnel. 

In the definition of each control line we will indicate 
in pitrentheses if the line is data, input or output line, 

5.4.1 !·laster Control Lines 

There are 10 tilu~ter control 1 Ines: the ch<'lnnel reset 
l irw ( in;iut), the four control pilth reset l incs (data), the 
four C'lI:JUil~ilth reset lines (data) and the chilnrwl check 
line (output). 
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The master control 1 i nes are permanently 
the Sys tern Monitor Unit C Sf,lU) (see Chapter 
channel reset procedures it specifies 1:1hich 
controlling the channel operations and from 
channel corrnaands are to be fetcheJ. 

5.4-2 

connected to 
9) • Th rou;;h 
processor is 

which PSS the 

\ihencver a channel reset si;;nal Is detected, the channel 
reset proceJure is executed (sec Section 5.G). Such 
procedure resets the channel and al 1 the devices attached to 
it to a kn01111, "quiescent" state. As part of the procedure 
the standard control path register is set to the value 
represented by the state of the four control path reset 
lines and the channel coumilnd path register is set to the 
value represented by the state of the four commilnd path 
reset lines. 

This is the only procedure by \·1hich the active control 
path and the active comr,1and path can be modified. 

The channel check line is used to notify the System 
Monitor Unit of the occurrence of a harc\1arc malfunction in 
the channel. 

5.4.2 Standard Control Lines 

Each set of standard control 1 ines consists of three 
control 1 ines per subchannel. In other l'10rds if there arc 12 
subchannels associated with a given channel each set of 
standilrd control 1 Ines wl 11 consist of 36 control 1 ines. 

The three lines associated with each subchannel are the 
subcllilnnel stal"t 1 ine (input), the suGchannel stop 1 ine 
(input) and the processor notification line (output). 

The subchannel start si;;nul di rccts the subchilnnel to 
start execution of a channel program. 

The subchanncl stop s i l!nal di rec ts the suGchannel to 
abort the current c~mnand and terminate the channel progrilm. 

The proc.:ssor notific2tion 
channel 1n conjunction '•lith the 
status (see Section 5.6). 

si:"nul is issued by the 
storing of the channel 
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5.5 CHANNEL COl11WJDS AND CHAIUlEL PROGRl\llS 

Operations on a subchannel are initiated by the 
detection of the start signal for that subchannel. If a 
previously initiated operation on that subchanncl ls in 
progress at the time the subchannel ~tart line is set to 1, 
the start signal will remain pending until the suhchannel 
becor.1es free. 

The subchanne 1 start s i gna 1 is ackno1·Jl edged as soon as 
the channe I has fetched the fl rs t channe 1 command quad1·mrd 
(sec belm1). 

Upon detection of the start signal the subchannel 
comrnilnd address register (SCAR) is set to the value of the 
subchannel status address register plus 16, I.e., it is set 
to point to the next higher l6_byte block (quadword) and 
norrnal operation is initiated. 

Fur each occurrence of the start signal the subchannel 
executes a ful 1 channel pror:rar.1, A channel program consists 
of one or more conr1and chains, each cha In consisting of one 
or more channe 1 cor.1 .. 1ands. 

Comr.:ands be 1 one; i ng to the sar.1e chain are connected by 
either d2~ainin;?, or command chaining as deterc1lned by 
the~ in each cor.1niand (see Section 5,5,l). Each command 
chain must start 11lth a Sr.lcct .or Setup command; 
furll1cn11ore, if the cor.1i.;and is a Setup command It must be 
the only command in the chain. 

Each channel co;:lllland is fetched by the SI OC from the 
prii;1ary storage sulisystem selected by the channel command 
path register. Cor.1mands arc in the form of Channel Cor.1rnand 
Quad11ords (CCQ) which have the fon~at of Figure S.S.l. 
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+--------------------------------------+ 
I PSF FLAGS 
+--------------------------------------+ 

0 3 4 15 lG 

+--------------------------------------+ 
I /llllllllllllll/ I UtJI TAD DR 

+--------------------------------------+ 
15 31 

+--------------------------------------+ 
DASEG CUUNT 

+--------------------------------------+ 
0 15 lG 31 

+--------------------------------------+ 
I //////// I DADISPL 
+--------------------------------------+ 

Bit~ 

0-3 
4-15 

15-31 
lG-31 

0-J.5 
lli-31 
8-31 

8 

FI e 1 c! Name 

Path Selection Field 
Command Code 
Flag~ 
Unit Address 

31 

Uata Address Sev"ent Identifier 
Count 
Data Address Displacement 

s.s-2 

Field Symbol 

PSF 
c1.;tJD 
Flt.GS 
Uf!IT/\DDR 
OASEG 
CUU tiT 
DAC: I SPL 

Figure 5.5.l, Channel Cornr.1und Quud1·1ord. 

The Poth Selection Field (PSF) determines which prinury 
storuge subsystem duta path, cut of 16 possible, has to be 
used for the datu transfer <Jssociated 1·1i th the cor.1r:iand. Such 
selection is totally independent from the path selected for 
channel command fetchinc and channel status storinc. 

The Cor.1mand Codr~ field (CJ\l:J) identifies the type of 
oper<ition to I.Jc performed. Often not ul l of the bi ts in the 
curnr.1ilnd fielu .:ire used by the channel itself, but tf":cy arc 
sent by the channel to the selecte<J t..nit for further 
interpretation. 
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The Unit Address field (UNITADOR) identifies the unit to 
which the channel progrum is directed in a~ command. 
It is ignored in all other commands. 

The Fla"s field (FLAGS) contains individual control bits 
(flai:sl 11hich deten;iine various r,1odes of operation (see 
Section 5.5.1). 

The Byte Count (COUNT) determines the number of bytes to 
be tr<rnsferred, 

The lJ;ita Address Segrnent Identifier (DASEG) and the Data 
Addr:.u.:;s Displ:icec1ent ([lf\LJISPLJ form a system virtual address 
ide11tifyin~ either a data area address, or a new value for 
the subchannel cor,;inand and status address registers. 

5. 5 .1 Clwnne 1 Conm1and F 1 ~ 

The channel cor.1101and flags (bi ts 16-31 of 1vord O of the 
CCQ) per~1it modifications of the basic operation associated 
11ith ei:lch cocu;-,and. Each flag is generully interpreted in the 
same 11uy in each cor.unand for which ls meaningful; in some 
cor:H•li1tlds certain flags are ignored. 

Table S.5.1.1 provides the list 
Bit positions to 11hich no meaning has 
be set to zero in order to guarantee 
possible future additions. 

of the defined flags, 
been assigned sh6uld 

compatibility with 

Table 5. 5. l. l. Channel Command Flags, 

Bits 

0-3 
~ 
5 
G 
7 
8 
9 

10 
11 
12 

13-15 

Flag Name 

Skip i-\ode 
Skip Control 
Stop 

Chain D<ita 
Chain Comm<ind 
Suppress Length Indication 
Hull Datu Transfer 
Pro::;r<ir.1 Control led Interrupt 

Flag Symbol 

SKM 
SKC 
STlJP 

co 
,cc 
SLI 
NOT 
PCI 
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The Skip l·lode flag (SKt.1) In conjunction with the status 
modifier bit determines the setting of the subchannel skip 
flag at the completion of the channel comnwnd, The skip flag 
will always be set to the exclusive or of the SKM flag and 
the status modifier bit, It should be noted that for ffiOSt 
co1nm;mds the status modifier bit viill ah1ays be zero. 

The skip mode flag setting in a given command does not 
affect the execution of that cononwnd but rJay cetermine if 
the next cor.m1and \vi 11 be executed or skipperl. 

The Skip Control flag (SKC) determines the effect of the 
subchannel skip flag on the execution of the co~cand. If 
both the subchannel ~kip flag and the skip control flag are 
set to 1, the command v1ill be skipped, Skipping of il cor.m1and 
will not reset the suLchannel skip flag. It is therefore 
possible to skip any number of comGrands (provided they ilre 
either c.iata or command chained), 

The Stop flag (STOP) indicates th;:it the cor.1n1<rnc is the 
last cor.11nand in a channel prograr.1. The Stop flag 11ill be 
ignored if either the CO or CC flags arc on. 

The Chilin Data fla;; (CU) permits the transfer of data 
between a single physical record and more than one data area 
In the pri111ary storilge subsystem. If the CD flag is on' and 
the byte count is exhausted before the unit signals ch2nnel 
end then the data area fro111 the next CCQ iii 11 be used. 

If the channel end condition is detected before or just 
\'1hen the count is exhausted and the Sll flag (see belm1) and 
the CIJ flilgs are on, the current con;rnand iii 11 be a~su1;ied to 
be c0t.1pleted and the subchannel comGiand address rei;ister 
1•ill be advanced until it points to the CCQ follm:itH>: the 
first co1.1mand whose ClJ flai; is off. If any of the 
intervening CCQ had the Sll flal off then the channel 
program will be terminated as if the channel end condition 
had been detected just at the beginning of that command. 

In other 1rnrds, a string of channel cor.1mands v1foich all 
have the CO flags on and the im1;icdiately follm:ing cor.~nand 
l'Jith the ClJ flag off are vie11ed, for c01.11;1<Jnd sequencing 
purposes, as a single command (viith the explained r-ole of 
the Sll flags). 

The Chain Cor.11.1and flag (CC) indicates that the next. CCQ 
should be executed immediiltcly folloviing detection of a 
device end condition for the current cor.r.1and. If the ch<Jnne 1 
end condition is detected separ<Jtcly from (necessarily 
before) the device end condition, the channel 1·1ill beco!O':e 
avail<iblc unless there is sor.1e activity penr~in;; on sor.1e 
other subchanncl. 
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The CC flag being off in a command which is actually 
executed (i.e., not skipped and not a part of a data chain) 
s i gna 1 s the end of a co1o1mand chain, 

lf the STOP flag is QD. the subchannel, upon detecting a 
channel enJ condition (11ith or 11ithout device end), villi 
release the unit, proceed to store the status at the 
subchannel status address and 1·1i 11 then become free. 

If the ST\lP f 1 ag is ill the subchanne I 11i 11 proceed as 
if Lhe CC flag 1vere on \/ith the difference that the unit 
will be released upon detecting the device and condition, 
the skip state flag \/ill be reset to zero and the next 
co1nrnand vlill be checked for being either a Select or a Setup 
comr,1anJ. 

The SupprP.ss lf!n,,th Indication flag (Sll) determines if 
the occurrence of a mismatch between the data record length, 
a$ specified in the channel program, and the physical record 
length should stop execution of the channel program (Sll=O) 
or not (SLI =l). 

The effect of the l:WlJ__J}.Jito TnUl.Sfer flag (NOT) is a 
function of the direction of the data transfer associated 
vii th ti<e ccmrnand, \/hen associated 1·1i th coi\lmands thot 
transfer data to the Pr lniary Storar,e Subsystem ("reacl" 
co1111.Jilll'b), data tr<insfer wi 11 be suppressed if the flar; is 
on. \/hen associilted vii th co1;11•1ands that transfer dat<i from 
the PSS ("write" Co1i11.1ands), data consisting of a 11 zeroes 
will be supplied by the channel to the external unit 
whenever the flag is on. 

The Pro;;LilG]__Controlled Interrupt flag (PCI) ls used to 
notify the processor controlling the channel that a 
specified po Int in the channe 1 progr;;1,1 has been reached. 
llhenever the PCI flae is on in the active command, a status 
storing procecture is exec"Uted before initiating execution of 
the cl,annel cui;;1,1and. The PCI flag is also interrogated in a 
CCQ 11h i ch is data chained to a prev i ou.s CCQ. 

Table 5.5.1.2 lists the actions taken by the SIOC upon 
occurrence of a channel end condition or exhaustion of the 
byte count as a function of the setting of the CO, CC, Sll 
and :.>T\JP flags. 

The syr;1bol X In correspondence to the flag setting in 
Table S.S.1.2 denotes that the setting of the particular 
flag is irrelevant in that case. 
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Table 5.5.1.2 Action in Channel upon 
Exhaustion of Count or 
Receipt of Channel End. 

+-------------------------------------------------------+ * CONDITIONS I 
* +----------------------~------------! * Count Exhausted Exhausted f.lot Exh 1 d I 

FLAGS *Channel: End End I 
· * I I 

I CD CC SLI STOP *I I I I 
1-------------------1-----------1-----------1-----------1 I 0 O 0 O Stop, IL New Chain End, IL I 
I 0 0 0 1 Stop,IL End End,IL I 
I 0 0 1 0 !Jew Chain tJe~1 Chain l~e\'1 Cha In I 
I 0 0 1 1 Stop End End I 
I 0 1 0 X Stop,IL Chain Cmnd End, IL I 
I 0 1 1 X Chain Cmnd Chain Cmnd Chain Cmnd I 
I 1 X 0 X Chain Data End,IL End, IL I 
I l X l X Chain Data r;cxt CCQ !Jcxt CCQ I 
+--------------------~----------------------------------+ 

The actions 
fol !011s: 

listed. in Table· 5.5.1.2 arc defined as 

End 

Stop 

IL 

Chain Command 

Chain Data 

lfoxtCCQ 

Operation is terminated. Status is stored. 

Device is signaled to terr.·1inate data 
transfer; channel waits for channel end and 
then the End procedure ls executed. 

Incorrect length indlcation Is provided in 
the channel status, 

Upon receipt of device end the channel 
proceeds to the execution of the next 
command. 

The channel proceeds to use the next CCQ to 
continue the same operation. 

The next CCQ is made current and execution 
is continued. Channel end condition re~~ins 
outstanding. 
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Upon receipt of device end the device ls 
released, the skip state flag Is set to 
zero and the next CCQ is made current as 
the first CCQ of a new chain. 

5.5.2 Command Codes 

The SI UC recognizes eight corunanc!s \those codes are given 
In Table 5.5.2.1. The symbol X Indicates that the bit 
position Is ignored. The symbol 1.\ ld~ntiflcs a modifier bit 
1·1hich is norr.wlly not examined by the SIOC bit is passed to 
the unit. 

Table 5.5.2.1. Command Codes. 
Code Cocm1and 

00001\t·itlliOlOO 
OOOOXXXOlOOO 
OOOOXXOllOOO 
OOOOXXlllOOO 
000011:.il;, 11100 
0 0 0 01 in!il ii ii iO 1 
0 0 OOt i:·'.l t;,j;.;t110 
0 0 0 JliM>ii.il li 111 

Sense 
Transfer in Channel 

Setup 
Select 
Read Backward 
\Jr i te 
Head 
Control 

All other codes are invalid •. 

5.5.3 Sense Command 

5.5,ti Transfer in Channel Command 

In the Transfer in Channel cor.irnand the path se 1 cct ion 
field, the unit - address field and the count field are 
ignored, The CD and CC flags in a Transfer_ln_Channel 
co1nr.lirnd arc ignored, but the effect of the CC and CD flags 
on the previous coro1r.1<rnd is carried on to the· next com1:1and. 
The !ill and NJT flar;s do not apply, The Stop flar; is 
ignored. 

The Tronsfer in Channel command resets the su!>channel 
coGJJanJ address-rciister to the value specified Ly the data 
adcirl!:;s in the co1.ir,,and. The lm1 order !1 bi ts of the 
displ<Jceii;ent are ignored and assu1,1cd to be zero. For the 
purpose of dcteri;iininr, the effect of the SKti flar;, the 
status modifier 1:ith the Transfer_in_Channel command is 
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all~ays zero. 
If this command occurs ln the midst of a data cr.ain or 

command chain sequence it does not affect the logic of 
command sequencing. 

The Transfer in Channel conr.1and will be used to 
construct loops- wlthin a chained progr<Jm or to link t\10 
sections of a channel progra~ located at non-contiguous 
addresses. 

ff an exceptional condition arises during execution of a 
Transfer in Channel command, the conr.1and address in the 
channel ita~us will point to the location following the TIC 
comi;,;rnd, not to the location pointed to by the TIC comr.1and 
itself. 

5. 5, 5 Setup Comr•1and 

In the Setup cor.1mand, the path selection field, the unit 
address fielu and the count field iJre ignored, The ClJ and CC 
flags are ignored and assun1ed to be zero. The Sll and !WT do 

·not apply. 
The Setup cor.1r.1and resets the subchannel status ;::ddress 

register to the value specified by the address in the 
cownand. The low order 4 bits of the displacement are 
ignored and assumed to be zero. 

The Setup cornr.1;rnd can on! y occur as the Q!lly_ cor.1mand in 
a chain. 

If an exceptional condition occurs during execution of a 
Setup COJ>1mand, the channel status wi 11 be stored at the old 
value of the subchannel status adrlress. 

5.5.G Select Command 

In the Select command the pcith selection field cind the 
count fieldareignored. The CD flag is ignored and assumed 
to be zero; the CC flag is ignor~d and assumed to be 1 
(11liich implies thcit the STOP flag is ignored). The SLI and 
NOT flags do not apply. 

The Se I cc t com1.1and sc ts the subchanne 1 unit address 
register (SUl\i(} to the value of the unit address field. The 
datci address field is used as in the.transfer In channel 
com1nancl. For the purpose of determining the effect of the 
SKM flag, the status modifier associated 11ith a Select 
cor.ir,1and is ah1ays zero. 

The Select 
of a chain. 

5.5, 7 Head llilckv1ard Command 
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5.5 .. 8 \Jrite Comr.1and 

5,5.Y ~ead Co~nand 

5. 5.10 Control Con.1and 
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5.6 CHAIHlEL .>TATu$ 

Upon termination of a channel prograr.i (either normal or 
abnorrnal), upun detection of the PCI flilg QD. in the active 
command or In case of a device attention interrupt (see 
tiection 5.6.1 ) the channel will attempt to store the 
channel st<1tus at the subchannel st<Jtus address for the 
appropriate suhchannel. The channel status consists of four 
1wrd~, the Cl-iunnel !.itatus Qu:Hhiord (C:;l(), and its format is 
given in Figure 5.G.1. 
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+-------------------------------------+ UNSTATUS 
+-------------------------------------+ 

0 31 

+------------------------------~------+ 
SC~TATUS UNITAUDR 

+-------------------------------------+ 
0 15 lG 31 

+-------------------------------------+ CASEG co urn 
+- ----- - ... -- - --- - ..... .;. _ - ---- - - - -- - --- - - - --+ 

0 15 lli 31 

+-------------------------------------+ 
I //////// I CADISPL 
+-------------------------------------+ 

8 31 

\iord Bi ts Field llurne Field Symbol 

0 0-31 Lin it Status UNSTl\TUS 
1 0-15 Subchannel Status SCSTl\TUS 

10-H Vil i l i\ddrc~ss UIJIT/\Dllll 
2 ()-15 Cornriizind Address Segn1ent Identifier C/1S EG 

lG-31 Rcsiduwl Count COUtiT 
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8-31 Command Address Displacement CADISPL 

Figure 5.6.1. Channel Status QuacJ11ord. 

The lJnit i\ddress field (UJilTAlJDltl identifies the active 
unit on the subchannel at the time the channel · status has 
been stored. 

The llesidual Count field (CUUNTl is meaningful only 11hen 
the si:ai:us is stored at the termination of tl-e channel 
program and indicates the number of unu~ed bytes in the data 
field of the last executed channel cor.1r.1<ind, 

The Cor.1m;rnd Address Sermcnt Identifier (CASEGJ ilnd the 
Cor.un;1nd Address llispl<Jccment (CA!JISPLJ forr.1 a system virtual 
address 111; i ch is lli hi zher than the address of th" 1 as t 
cornnwnd 11hose execution has been initiated. 

The Unit St;itus (UUST/\TUS) anc Suhch2nnel St;itus 
(SCSTATUS) fields consist of a number of single bit fields 
identifying in detail the conditions 11hich determined thl' 
storing of the channel status. 

~henever a condition requiring the storing of the 
channel status is detected, the subchannel checks the 
µrocessor notification line to c!etcrc1inc if the previous 
st<:itus has been ackno~iledged. If not (i.e., the processor 
notification line is still on) the channel enters the status 
pending state. 1\s soo11 as the ilckn01·:le'!l'.emcnt for the 
previous status storing operation is received, the channel 
1;i 11 continue 11i th the regular procedure. 

If the processor notification Jin~ 1s do~n, the status 
is si:ored at the subchannel status address <Jnd then the 
processor notification line is set to l. If the status 
storing procedure was associated \Ji th the tennination of the 
ch;mnel proi;rur.1, the subch<innel is SC!t to the free state. If 
the status storing \/as trigr;ered by the PCI flcr:, tf:e 
subchanncl continues cxecution of the current con;r.;an<.l. 

If the tern1ination 1ias signalled by a device chreck the 
channel 1Ji 11 not proceed 1vi th ciny other cor.r.:anJ unt i 1 
receiving a uc1·1 start si,;nal for that particul;ir subch<rnnel. 
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5,G, l Unit Status 

The format of the unit stiltus field is given In Table 
5.G.1.1. 

Table 5,6,l.l. Unit Status. 

Field Nar:1e Field Symbol 

0 
1 
2 
3 
4 
5 
G 
7 
8 

9-31 

Attention 
Status 1·1odifier 
Control Unit End 
[)usy 
Channe 1 End 
Device Check 
Unit Check 
Unit Exception 
IJot Oper<it ional 
Unas:;igned 

ATT 
SHIOD 
curnD 
BUSY 
CH END 
ovrno 
urmn: 
UNEXC 
IWTOP 

The Attention flag is set to l whenever a device detects 
an ilSY11chroi;0us conclitlon Hhich is of relevance to the 
device handling pro;;rar.1, The condition can only be detected 
v1hcnever no oper.:ition is in progress in the 1/0 device and 
the control unit. /\11 such occurrences are not therefore 
natur;1J]y associutec vii th a specific suLchannel. The SIOC 
will, by coi;vention, automatically associate the attention 
condition 11iLh subchannel 0 (zero). 

The StuttJs fioc!ifLg_r_ flag may be set to l in conjunction 
1·1ith certain unit operations, usually to indicate if a 
certain condition was or was not satisfied. 

·111e Co11tro I Unit 
unusual condition is 
channel end or 111,cnever a 
1illi le in the busy state, 

End flag is set to 1 whenever an 
oetected by a control unit after 
control unit has been interroz.ated 

The Busy flag is set to 1 whenever an 
control unit cannot execute the comnand 
execuring ii previously initiated operation 

·contains a pending interrupt condition. 

1/0 device or 
because it is 
or because it 
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The Channel End flag is set to l 11hcnever the transfer 
of dota or control inforr.wtion is terminated. The occurrence 
of this condition makes the channel available for <mother 
operotion. Detailed handling of the channel end condition c.s 
a function of the setting of the CCQ flilr,s has been v,iven in 
Table 5.5.1.2. 

The Uevice End flag is set to 1 upon cor.ipletion of 2n 
1/0 opcrutiori at the device or, on sor·;e devices, by chan;;inr; 
the device fro1.1 the non-ready to the ready state, Tl:c device 
end condition is ahmys gene1·ated simultaneously 11ith or 
later than the corresponding channel end condition. 

The Unit Check flag is set to 1 whenever a unit detects 
an unusual condition different from the one associated with 
unit exceµtion (see bel011). The sense data l'iill contain 
additonal information identifying the type of condition. 

The Unit Exception flag is set to 111her.cver a specific 
(comr.lilnd and dcv ice dependent) unusual condition has been 
detected. 

The Not Operational flag is set to 1 1·1henever the 
specified unit address does not correspond to <iny att<iched 
devic<! of the device is disconnected at the tiroe. 

5.G.2 Subchannel Status 

The forr.1<it of the subchannel 
TablP. 5.G.2.1. 

status field is giver. in 

Table 5.6.2.1. Subchannel Status. 

Bit Field Name Field Symbol 

0 Program C.ontrol led Interrupt ion PCI 
1 Incorrect length IL 
2 Prograr.i Checl: PCHY. 
3 Interface Control Check ICC 
4 Ch<i in i ng Check CHC 
5 lnval id ::iystern Virtual Address ISVA 
G f~ead unly Data ROD 
7 Corrected Error SEC 
9 Uncorrectalile Data Error UDE 

10 Corrected CCQ Error CCE 
11 Uncorr;;ctable cert Error UCE 
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The Prorrnm Controlled Interrupt flag is set to l 
whenever che channel status is stored upon detection of the 
PCI flab on in a CCQ. 

The Incorrect Length flag ls set to l whenever the 
channel end condition and the exhaustion of the byte count 
in a CCQ do not occur simultaneously, provided that the SLI 
flag in the CC!l is not 1. 

The Program Check f 1 ag is set to 1 \'1henever an Incorrect 
field specification occurs in a CCQ. 

The Interface Control Check flag is set to l upon 
detection of an invalid signal on the 1/0 interface. 

The Chili n i !H' Check f 1 ag is set to 1 whenever a channe 1 
overrun occurs during data·chaining. 

The lnvillid System Virtufll Address flag is set to 1 
whenever an invalid system virtual address is detected by 
thr. c!wnne 1 upun at ter,1pt i ng to fetch a command or nccess a 
data byte. 

The Read Un l y Oa_u f 1 ag is set to 1 whenever the Read 
Only data condition is detected by the c!111nnel in attempting 
to store data in the primary storage subsystem. 

The Interface Control Check flag is set to l upon 
detection of an invalid signal on the l/O interface. 

The Chajning Check flag is set to 1 whenever a channel 
overrun occurs during data chaining. 

The Correcto?d Error flag is set to l whenever a PSS data 
error was detected anJ corrected, Occurrence of such errors 
docs not affect the execution of the channel program. 
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Throughout the MASCCB Deference ~anual consistent 
notational conventions have teen used. 

Familiarization of these notations will aid in a 
correct interpretation of the various detailed functio­
nal descrirtions of the ~ASCCR 132 Syster. 

symbol 

d 

i,j,k 

sd 

wd 

Wx 

DX 

ex 

Dx 

Wx/DX 

E (x) 

ll (X) 

W {X) 

C (x) 

Definition 

Displacerrent 
A 24-lit non-negative integer usea generally 
as the second Oferand in address-ailditiou. 

Cperand register pointers : 
The 6-bit non-negative integers contained ir 
various instructions which define the Cferacds. 

Short displdcerent : 
A 15-tit non-negative integer, extended with 
zeroes on th~ left to form a disflacerent. 

ioca disrlaccwent : 
I 22-bit non-negative integer, extended by two zecc 
bits on th~ right to form a disrlacernent. 

Contents of General Purpose Register x. Wx has a 
length of 32 tits. 

Contents of an even-odd General furvose Register 
pair; x EUst le even. ex has a length of 64 tits. 

Contents of a set of four General Purrcse Eegis­
ters; x must le even. ex hils a length of 12c tits. 

Contents of a tyte positicn in the General Eur­
rose Rcgist~rs; x may be C to 255. rx has a 
length of e lits. 

•x or Dx, depending on context. 

v,1luC! of a tyte { 8 bits ) whose fVA is x. 

Value of a halfword { 16 tits ) ~hose EVA is x; 
x must be even. 

Value of a ;iced ( 32 tits J whosE FVA is x 
nust be a rrultiple of four. 

x 

Value of a tlcublewor•l { 64 !:its ) whose PO is 
x: x must te a rultiplc of eight. 
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sy~bol Definition 

II (x)/f! (x) li(x) or D (x), depending on context. 

11/D llx, II (x), Dx, or D (x), depenaing on context. 

K Litteral value of the k-ficld 
A 6-bit non-negative integer, extended with zeroes on 
the left as required. 

IA Instruction address : 
contents of the Instruction Address Register (I~R). 

IT~ Iteration Count 
Contents of t!:e Iteration Count !legistet (I'ICR). 

B' b ll:2 ••• tn' 
I ticld of length n bits containing the bitvalues 
ti indicated. 

x•x1x2 ••• xn• 
A !ield of length 4*n tits containing the hexa­
decimal digit values xi indicated. 

n•u1a2 ••• dn' 
A field of length 4*n tits containing the tinary 
coded decimal digit values di indicated. 

c•c1c2 ••• cn• 

c 

X<m> 

X<t-n> 

A field of length B*n tits containinJ 8 bit repre­
sentations of the alphanurrcric characters ci indi­
c,,tcd. 

A field of appropriate length containing only zero 
{0 ••• 0) tits. 

Ellirsis : 
A shorthand notation for an extension of the prece­
ding syrotols to fill a field to the.apvropriate 
l<> ll<J th. 

lhe ro-th bit of field x. !he leaaing tit is designated 
as Ht O. 

A field of lcnJth (n-m+l) tits l:eginning at tit m cf 
field x. 
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Symbol 

:= 

•• 

> < 

>= -.= <= 

.. I & 

l'IOD (x,y) 

AES (X) 

XI IY 

xily 

Definition 

The assign~ent operator : 
The operation cf copying the rightside identically 
into the lef tside. 

The arithmetic operators : 
addition, subtraction, multiplicaticn, division as 
appropriate for the datatype in context. 

The exponentiation operator : 
integer to tbe pover positive-integer. 

The basic con:parision operdtors : 
Greater than, egual to, less than as apprcrriate 
for the datatyre in context. 

The composite ccm~arision operators 
greater than or egual to, net egual ta, less than 
or egu<1l to. 

The bit ty tit logical operators 
not, or, and. 

x n:odulo y : 
The ren:ainder after integer division of x tJ y. 
The result will have the sa~e length attritute 
as y. 

The absolute value of x : 
AUS produces x if x is positive and -x if x is 
negative. The result will have thE san:e leEgth 
attribute as x. 

The concatenation operator : 
Concatenation produces a tit vector consisting 
of the bits of x followed by the tits of y. lbe 
result has a length egual to the sue of the 
lengths of x and y. 

Address addition of x and y : 
Y is taken to te a disflacerrent to te added to 
the base address x, or 

x<0-7> 11 i'!Cr ( x<B-31> + y<B-31> , 2**2Q ) 


	1.01-01
	1.01-02
	1.01-03
	1.02-01
	1.02-02
	1.02-03
	1.02-04
	1.03-01
	1.03-02
	1.03-03
	1.03-04
	1.03-06
	1.03-07
	1.03-08
	1.03-09
	1.03-10
	1.03-11
	1.03-12
	1.03-13
	1.03-14
	1.03-15
	1.03-16
	1.04-01
	1.05-01
	1.06-01
	1.07-01
	1.08-01
	1.08-02
	1.08-03
	1.09-01
	1.10-01
	1.10-02
	1.10-03
	1.10-04
	2.01-01
	2.01-02
	2.01-03
	2.01-04
	2.02-01
	2.02-02
	2.02-03
	2.02-04
	2.02-05
	2.02-06
	2.02-07
	2.03-01
	2.03-02
	2.03-03
	2.03-04
	2.03-05
	2.03-06
	2.03-07
	2.03-08
	2.03-09
	2.03-10
	2.03-11
	2.03-12
	2.03-13
	2.03-14
	2.03-15
	2.04-02
	2.04-04
	3.00-01
	3.00-02
	3.00-03
	3.00-04
	3.01-01
	3.02-01
	3.03-01
	3.03-02
	3.03-03
	3.04-01
	3.04-02
	3.04-03
	3.05-01
	3.05-02
	3.05-03
	3.05-04
	3.05-05
	3.05-06
	3.06-01
	3.06-02
	3.06-03
	3.06-04
	3.06-05
	3.06-06
	3.07-01
	3.07-02
	3.07-03
	3.08-01
	3.08-02
	3.08-03
	3.08-04
	3.08-04a
	3.09-01
	3.09-02
	3.10-01
	3.10-02
	3.10-03
	3.10-04
	3.10-05
	3.10-06
	3.10-07
	3.10-08
	3.10-09
	3.11-01
	3.11-02
	3.11-03
	3.11-04
	3.11-05
	3.11-06
	3.11-07
	3.11-08
	3.11-09
	3.11-10
	3.11-11
	3.11-12
	3.11-13
	3.11-14
	3.11-15
	3.11-16
	3.11-17
	3.11-18
	3.11-19
	4.00-01
	4.00-02
	4.01-01
	4.01-02
	4.02-01
	4.02-02
	4.03-01
	4.04-01
	4.05-01
	4.05-02
	4.06-01
	4.06-02
	4.06-03
	4.06-04
	4.06-05
	4.06-06
	4.06-07
	4.07-01
	4.07-02
	4.07-03
	4.07-04
	5.00-01
	5.00-02
	5.01-01
	5.01-02
	5.01-03
	5.02-01
	5.02-02
	5.03-01
	5.04-01
	5.04-02
	5.05-01
	5.05-02
	5.05-03
	5.05-04
	5.05-05
	5.05-06
	5.05-07
	5.05-08
	5.05-09
	5.06-01
	5.06-02
	5.06-03
	5.06-04
	5.06-05
	5.06-06
	A.C-02
	A.C-03
	A.C-04



