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Overoli Description

- The purpose of this program is to allow PDP-X Model | users to program with
“extended op {EOP} instructions. The program will reside in core during user
-progrom tun time, The PDP-X Model | is designed so that if an EQP instruc-

tion is encountered, the machine will executeo a trap in which the instruction
itself, its effective oddress (EFA) and the current state of the progiem counier
(PC) are saved in genarel registers R1ff, R1 U 12Ee) towill then branch to the
acdress specified by the contents of general register RI3{). This address
should be the stuiting address of the Extended Op Simulator. When contro!

is thus transferred to the Extended Op Simulator, it will exccute the trapped
EOP instruction, giving results and setting up condition code indicotors
(CCO, 1,2) exactly the same as iF the insiruction were executed by Model [
hardware. Control will then refurn o the user program in such o vay that

it will appear that the instruction wes executed by hardware rather than soft-
ware.  In other words, use of the Fxtended Op Simulator should, except for”
the desired results of the EQP insiruction, be invisihle to the user progear,
No AC's or condition codes (CC's), except those indicated by the particular
EOP instruction, will be modified in any way. The Exiended Op Simulator
is completely re-~entrant so that ifs use moy be interrupted by an EOP trap

at a higher priority level,

The complete list of Mode! 1] EQP instructions, alt of which ore simuloted,
is provided below:

Arithmetic Group:

SUB . Subtract the effective word (EFW)
 from contents of the specified AC

®).

CMP ' —_— Algebraically compare EFW ond
c (R). E

LCMP ' Logically compare EFW and ¢ (R), o
f.e., compare them as 16 bit positive
integers.

MUL Algebraically mulripty EFW by ¢ (R),

‘ ' ' giving a single or double precision

result,

LMUL Logically multiply as ocbove,

DIV Algebraically divide EFW into the

double or single precision c (R),
giving quotient ond remainder,
LDV ' Logically divide as above.




e

Test Group:
TSTHN
“TSTZ
T51TO

T5iC

Push Group:
PUC
PUSH
FUB
PUL
POC
FOP

POB
POL

Miscellanzous:
LEC
SicC

SHFT

LRI (R LT (R By N P T T L N e

Test selacted biis,

Test and zero sclected bits
Test selected bits and sef them
to 1. This is an effective
inclusive OR,

Test and complement selecied

hits. This is an effective ex-

clusive OR,

Increment push down pointer
and counter but leave push
down list unchanged. _
Store EMW on push down list,
Push and bronch, '
Push, branch and.link.
Reverse of PUC,

Store last word on push down
list in EFAL

Return from PUB,

Return from PUL,

Load o choracter from the
indiccted 8 bit byte,

Store right half of AC in indicated

8 kit byte.

Shift AC left or right o
specified number of bils,
using one of 4 fechniques:
(1} crithmetic shift,

(2) logical shift,

(3) rotate without CCg,
(4) rotate with CCH.
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i. Genzrol Specification
! : i
( [ Machine Requirements
. The program is intended for use on the basic Model | PDP-X. No special
peripheral equipment is needed.
1.2 Machine Options
Not Applicable |
1.3 System Requirements
Mone required.
‘ 1.4 Resident Programs
The Extended Op Simulator does not run as an independent progrom. It
operates only when an EOP instruction is encounlered in another PDP-X
: Model I program. Therefore, besides the Extended Op Simulator, there
‘ must be some other program, say o user program, siraultaneously resident
in core und running. ‘
( 2. Design Specifications
1
i .
! 2.1 Design Goals
i
i .
i ' : Since the Exiended Op Simulator must reside in core with one or more
user programs, it should occupy a minimum emount of core space., It
is hoped that 1900 (octal) registers will be sufficient.
Because the Extended Op Simulator may be needed by real-time application
programs for such operations as multiply, divide, or shift, and because it
is intended fo simulate single instructions in such programs, it is of prime
imporiance that the action of the simulator be as fast as possible.
Finally, the use of the Extended Op Simulator must be capoble of inter-
ruption at any point in case it is called from a higher priority level., Al
rostines in it must be completely reentrant,
2.2 [nput
No physical input is required or possible. The progrom does however,
| expect infernal software input in the form of a trapped EOP instruction.
i ~ The EO? irap information is stored by the PDP-X Mode! | in general
( _ registers R18-13(g) os follows:
1
~3= .
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2.4
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LA

A2

R1g Updated PC From csor program,
RIT ECGP istruction yword,

R12 EOP effective address.

R13 Entry point to EOP Simulalor.

.Oui'put

Theie is no physical output from the Extended Op Simulator.  The only
ouiput in any form from it isithe expecied result of the trapped EQP
nstruction stored in the AC or address indicated by the instruction, and
the correct seiting of the condition code biis in the Progrem Stotus Word,

Organization

‘Operetione! Organization

Mot Applicable,
nterno! Organization

The genera! structure of the Extended Op Simulator is outlined in Chart 1
Step 1 of that chart is execuied by the routine titled SAV, steps 2-4 by
the routine titled EOF, steps 6-17 by the routine titled RET. These
routines are flow-charted in Charts 2-4.,

L]

SAV: The first action which the Extended Op Simulator must toke is

io save, in a protected place , the current state of the processor,

This means oll the current general registers RP-7, except R1, must be
saved. R1 need not be saved because it contains the PC, which was saved
in R13 when the EOP trap occurred and replaced by the entry address to
the Extended Op Simulotor. A duplicate copy-of the RG bits (bits 10-12
of the PSW} is saved so that any change made to them while the user's
PSW is on the stack can be ignored. The others must be saved because
the simulator uses REf and R2-R7, These AC's must he saved in such a way
that if use of the EOP Simulator of this pricrity level is interrupted by

a higher priority level, the AC's at this level will not be overwritten by
storage of the new level AC's,

Protecied storage of the AC’s is accomplished by using separate stacks
for seporaie priovity levels . These stacks also will contain space for
certain varioble sforage needed by the various Simulator routines.,
These stacks will be approximaiely 1ff words each {dependent upon
amount of storage needed by subroutines) in length, and there must be
one stack for each priority level availoble on the user machine.
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fhe aciual siackselection and protection must be carried out in a single
tnsiruction, for otherwise an interruption will couse unpredictoble results,
In gadition, it must be such that when use of the stack is completed, the

selecior-protector can be veset in a single instruction.

Ar AC stack will lock like this:

A PSW (from RA)
AT Effective AC (A + R)

AZ R2
A3 R3
A4 R4
A5 £5
A% Ré
A7 R7

Alg Varichle Storage
Al Variable Storage

The implemeniation of the stack selection must be such thot any number
of priority levels from 2 to 8 may be allowed for . Exira space should not
be wasted for those who have only two priority levels. Ex pansion for
more priority levels should invelve no major change.

The SAV routine also clears the current (riot user) PSW bits & & 1 {the trap
enable bits) to prevent an eiror trap from occurring until the TRAP
routine is entereqd ot the end of the action by the extended OP Simulator,

EQP: This routine will determine the AC for the instruction, if any is
required, and save a pointer to it on the stack. i will then determine
which particular EOP instruction has been trapped and dispatch to the
proper subroutine fo execute the instruction. Dispatching will be done
in a sfraightforward way using a simple dispaich table and index register
R2. The EOP routine will also set the correct error bits in case there

is amemory reference eitor on an attempt o reference R1 (the PC),

RET: This routine will restore all AC's which have been saved on the stack,
including any modifications in R¥ (the Progrom Status Word) except

that the RG bits will be restored as they were originaliy, and one or
twopossible AC's, It must also restore the stack selector in the "SAV!
routine to what it was before this trep occurred. This must be done

in such a way that an inferruption in any part of this routine will cause

no trouble. Finally, there must be a branch back to the user progrom which
caused the EOP trop, Return will be to the next step in the user progrom

Lol
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after the LOP which trapped. It is accomplished by using the tropped
PC in R16. '

Before returning to the user progrom, this routine will check fo see if

‘an error frap should occur. (This is done by examining the actug! PSW

evror bits and the user PSW error enable bits). If g tran condition
i i
. - ol .
exists, RET branches to the user emor rop handler address (contained
in R17), insiead of to the norma!l retum in the user's program.

Charis 5-24 cre flow charts for the routines which execute the 22 indiv-

idual EOP instructions which could be trapped, Additional explangtions
of these routines follow, '

Charts 27-37 are fiow charts for the special subreutinas used by the EOP
insiruction routines.  Additional explanations of these subreutines con
also be found below.

SUS: The result of CR) + (~EFW) must be stored in the AC specified

by the SUB instruction., When the operation C(R) + {~EFW) is executed, .
the condition codes (CCY will be set in the current PSW os they should
be set for the SUB inshuction. Specifically, CCH = 1 if there was
carry out of bit #,* CCY1 =1 if the result wos negative, * and CC 2 =

if the resulf wos not zero. * These 3 CC bits must be loaded info the CC

bits of the user progrom PSW now resident in the stack.

This rovtine also OR's the orithmetic error bit into the user PSYY in cose
the resull is such there should be an error tran,

CMP: To determine whether or not C (R} is algebraically greater than

or equal or less than the EFW, the operation C (R) ~ EFW suffices.
Condition code bit 1 will be set if the result s negafive, indicating that
C (R} is less than EFW, and CC2 will be set if the result is non-zero,
indicating that C (R) 7«’1 EFW. CCfimust be ignored, Note that the actual
difference is not saved, :

LCMP: Here C (R) and EFW are treated os 16 bit positive integers. If
C {R)g and EFW 5 are alike, C (R) - EFW will set the CC's s reguired,
Example 1: C (R) = GE0p44, EFW = gopos4 _

C (R} ~ EFW =10 meaning C (R)<EFW

Example 2: C(R) = 177776, EFW = 177774 _
C(R) - EFW = (-2) - (=4) =+2 meaning C (Rp EFW

Example 3: C (R) = 177772, EFW = 177774 T :
C (R) - EFW = (~6) - (~4) = -2 meaning C (R)<EFW

* (Cleared otherwise) |
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If C (RIS and EPW iy are ualike, then 4+ EFW will set the CC bite

as they should be, because # + FFW=0 means LEW g = (while C (Q‘)ﬁ =1
so thal C(R)ZEFW, and § 1 EFWS0 means EFWy <1 {while C (R)g = [9);

so that C (R}ICEFW, Note that this test will not clear CC2 if EFW ={

so if C (R),@ = EFV‘.";{; and EFW = @, the bits must be set for C (R)¥EFW,

LFAUL: This routine calls the 16 bit logical muitiply subvoutine fo do

most of its work, The CC bits will not be cffected by o multiply instruction.
If the addiressed AC (R) is even, the 16 bii rultiplier is essumed o be

tn R+ 1, and the product will be stored with high order in R and low order
in R+ 1. If Ris odd, the multiplier is assuméd fo be in R, and only the
low order of the product is saved (in R), The high order of the product is
ignoted in this case. The actual work of multiplication is done by the

- subrovtine LMULT,  See the explanation of thet routine for the multiply

olgorithm,

MUL: The function of this routine is exactly The some os the LMUL routine,
excep! that to do the actual multinlying it calls the signed integar mulii-
plication subrootine{IMULT) instecd of just the logical multiplicorion
subroutine. See the explenation of that routine for the multiply and sign
compare fechnigues.

LDIV: This routine assumes R is even, If R is odd, the preceding even
register {R-1) is cleared. Opzration then continues os if R-1 is the des-
ignated AC instead of R. [F R is even, C(R) and C (R + 1) aves treated
as the high and low order, respectively, of ¢ 32 bii positive dividend
which is divided by the EFW, treating the EFW a5 a 16 bit positive
integer, The 16 bit quotient is placed in R+ 1 and the remainder in R,
[f the relative mognitudes of the divisior & dividend are such that the
quotient is larger than 16 bits, an arithmetic error condition is'set up
and both arguments are left unchanged. '

The actua! division is carried out by the LDIVD subroutine, See the
explanation of that subroutine for the divide algorithm. This routine
feaves a 32 bif quotient which must be tested to see if it is too large

for R4+ 1. If the divisior is @, LRIV will set up the error condition

bit and branch to RET without carrying out any division.
The CC bits are left unchanged .
DIV: The function of this routine is exactly the same as the LDIV routine,

except that to do the actual dividing it calls the signed integer divide
subroutine (IDIVD)} instead of the Jogical divide subroutine,
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LDC: This routine Jouds the byte indicuted by the EPW into the right
half of R, The left hylf of B 15 cleareq,

STC: This routine stores the right hall of R into the byte indicaied by
the EFW. C (R) and the other byle of the receiver word remain unc

SHEFT: This routine shifts the given AC [eft or right a given nunber of
bit positions. There agre aclually 4 modes of shifting s doscrived belows

(1) Arithmetic shift; in which the sign bit remains unchanged, On o

left shift, I enter the low order bits; on a right shift, bit #is copied

into bit 1. If the sign bit is ever changed in the process- of ¢ left
shift, the arithretic error bit is sel. :

(2} Rotaie combined with CCg,

(3) Simple iotate, in which bits leaving one end enter gt fhe other,

(4) Logical shift, in which biis leaving one end are lost ond zeros enter

the other end.

Excmples of the 4 modes of shifting are shown in Diagrem 3. Outlines

of the bosic shift rautines are shown in Diagram 4,

Diogram 3

SHET examples (using 8 bits only)

SHFT R, {4 4{5“{37

(fogical_shif?S ieft)
R |1 U g1 11 )
lodt’ N

2 T zeros enter
P f_“":"—"i iere
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SHFT R, [F 4 g o3l
(ro:-“c.*c with CCﬁ 3left} e

SHET R, 5§ 3

{arith ﬂe*lt, Thift 3 left)

b et

Rt e D TN zeres enter

Rip g e g g here

o.jélhrnefic erroT bi{: of
POW set when bit § &
gcome unaqual

SHFT R, f) 2 g 3/
(umhmc-ws 3 right) -

0 Lﬂl =y
R 68 P 1 1’-‘[
the sign bit remains in

tace, but also is copied
E:jm‘\o bit 1



SHFTL-L clear CCH, BRI inc count

SHFTL-E cloar COF, BR, ins court

SHFTR-L clear CCH RL, g cLun

SHFTR-R - clear CCO, BR, inc count

5’3-‘“?(:-!_ Ri, ine count, fix vser CCH

KR, v coupt, Thrvser CCH

,’; SHETA-L civar CCfi, RL; sct w.e, bit, if CCE '..:ihi% 4, inc count,
| sot eriininziic ervor Lit il sig.:
| bit chauges

SHETA-IU sove sign b, eloor CCF, PR, odd sign bit, inc count

Fosr Growps (TSTM, TSTZ, 1510, 1870

A3t 4 of thosa routings coli o cemman SU")"HUH"?G (TEST) which ANDs togather
C (R) and the EFW ¢ndd then sets the user PSY ce Biis 1 ond 7 aocordiaghy, This
is to be done of the beginning of cach routine.

TSTZ {after culling TEST) then complements the mask (EFW) and AND;s this
together with C (K} and stores the result in R, This zeros afl selected bits,

TSTO {afier calling TEST) clio calls the inclusive O routine for C {R) and
EFV . The rowlt goes fo R,

TSTC iz tha some as TSTO excont it colle the cxalusive OF routls

See tne exomples in Diagrem 5,

H]O;
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e vmlete ety LA AL L 10 A1 UL L A LR R, L L 0 L g 1 4 LB O L LR U R

Jivipn e B e te (Doing 8 bit criy )

R= g1

— S y

M= 1 FEE 1

1" r P 4 I - :
TSI R=1 8111885 CCY =1, CO2 = ]
- o : . r o . .
TSIZ: = G F1 GG ES CCY =1, CC2 = 1
TS =1 11 £ Y 110 CCl =1, CI72 =1
TSIC: R=6 11651 021 6 CCY =1, CC7 =1
Push Group:
t
Bofore using o PUoid~group Inshivation ¢ 4ot up o nesh

doven Hisi (POL), wiithin s owir core spase by daing thice things: (1) ollel o
roeneae (M) of vards for the Vi, (7)) stors the That o Xdlious of the pos Cov st
atioimont i 24 (5%, and (3) stoie the newber (N 10 P15 (8). AdPUSH end
FOP-type instructions modify these hvo registers, The solual anangas

push down Lt counter in R15 1s a3 shown bolow:

POL Countar

il 7 8 15
SN A e

| |

: 1

i I I

; 1
1 | | |

1 1 ! X [ e}

1 0n] D ' ol r"tf PR

Number of used focalions Number of free locations

PUC: This routine witl increment the PUL pointer, increment PDL counter left
holf, and decrement the PDL counters right half. H will octually ma'e use of
o subroutine PU to do this veorl, bocause ofl other PTUSH- tyne Instructions must
do tiiz sae things to the pointer & counter,

POC: This routine wiil do the exact reverse of the work of PUCL i will colt
the subroutine PO to do all its work. .

PUSH: This revtine will store tie EFW on the POL of the oddress specified by
the current PDL pointer. It will fhen call the PU subroutine to miodify the
pointer & counter.

-11-
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4.4

5.0

9.2~

5.3

5.4

ARGN  ADDRESS
RETURN

Ldnguoger

The prdgrqm will be written in PDP-X assembly language, using Basic OPS only,
External Environment | |

Execution Speed

Not yet available .

Use

Wiih the Extended Op Simulator PDP-X Model | users may employ EOP instructions
in their programs, When and FOP instruciion in the user's program is encountered ,
the Mode! T will store its (updated) PC in general register R19, the EQOP instruction
word in R11, the EFA in R12, and then branch to the address contained in R12. This
address will be the starting address of the Extended Op Simulator. The Extended Op
Simulator will save the user program AC's, execute the EOP instruction, then restore
the user's AC's, vpdate them with the results of the FQP instruction, and finally

branch back into the user program at the address contained in R1f, i. e., the instru’cﬁér_’s
following the EOP instruction.

Interface

This program is designed to be used by running PDP-X Model | system or applications
program. fs function is to allow these programs to employ EQOP instructions nomally
available only on Model 11, It must reside in core simultanzousty with the program

that will call it, When EOP instructions are encountered, the machine will automat-
ically branch to the Extended Op Simulator. After execution of the EOP, the Extended
Op Simulator will return control to the user program making everything appear that

the program is running on a Model 1l machine,

Exomples _of Use

Suppose a user program contains the following sequence of steps:

1586/ LDA 4,LX_] :  ; {long form) assume X = 5
1518/ SUB 4, i35 ; (long form)
1512/ BM ADDR ' |
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6.1

6.2

When the CMP instruction |s encouptered, the EOP trap registers are loaded
as follows: )

RIE/ 51512 ;UPDATED PC
R11/ 15051 ;OP=6,R=4, X=1, D1 =112
RI1Z/ g5 ; EFA

R13/ g7080 ; ST. ADDR, of Ex. Op. S$im. {which
: : : was loaded earlier by the
i Ex. Op. Sim, LOADING PROCEDURE)

Then 7030 is looded from R13 into the PC, and the operation of the Extended
Op Simulator begins.

The Extended Op Simulator will store the contents of the general register on the
stack as follows: :

; STACK A {assume priority &)

g (AL) /B ; Assume this was the PSW

; when the trap occured
7101 (AY) / 7194 i pointer to effective AC {R4)
7192 (A2) / C (R2) '
7183 (A3) / C (R3)
7184 {(Ad) / C(R4) =5

elc.

“The Simulafor will then carry out the operation 5-35 = -37, with CCf =g, (no

carry}, CC1 =1 (negative result), ahd CC2 = 1 (non-zero result). Then ~ 38,
is stored at 7184 (A4 = the effective AC for the SUB} and the condition codes
are ORed into 7188 giving C (A9) = (paea3. Finally the Extended Op Sim-
ulator loads contents of all the general registers on the stack info the achual
general register and executes g B @ 10 back to the instruction at 1512 in the
user’s program, ' - '

Documentation

Major Aspects

(1) Function of the programs.

(@ Loading procedure. ‘ _
{3) Full explanation of all EOP instructions (if these gre not provided with standard

Model | monuals),

Checkout
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6.3

[T N TR

(1) Debugging separate portions of the program, using PDP-X Simulator
on a PDP-7 or 9, ‘ -

(2) Test and debug the entire program running s a unit on o PDP-7 or 9
with the PDP-X Simuigtor,

{3) . Test and exercise the entire program on a real PDP-X when such is
available. '

Marketing _ ,

This relatively small program will allow PDP-X Model | users o employ
the powerful Extended Op instructions usually available only on the
larger Model 1l PDP-X. It will save. them from writing and loading
separate subroutines to carry out such operations as multiply, divide,
inclusive OR, exclusive OR, and use of o push down list, By using
relgtively small portion of the PDP-X core, it in effect converts the
Model | into a Medel 1i (though not quitc as fast).

H
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