
APPENDIX C: P-MACHlNE OPCODES AND OPERATOR EXECurION TIMES 

This appendix presents tables of'P~chine opcodes and operator execution 
times. Table C-l presents the opcodes, and Table C-2 presents the operator 
execution times. Table C-3 lists the P-codes in a Pascal-like metalanguage. 

C-l. P-MACHINE OPCODES 

Instructions are one byte long, followed by zero-to-three p:l.rameters. 1-- Most 
parameters specify one \\Ord of infonnation and are one of five basic types. 

UB Unsigned byte: high-order byte of p:lrameter is implicitly zero. 

SB Signed byte: high-order byte is sign extension of bit 7. 

DB Ibn I t care byte: can be treated as SB or UB, because the val ue is 
al ways in the range 0 •. 127. 

B Big: this p:lrameter is one byte long \-Jhen used to represent val ues in the 
range 0 .. 127 and is two bytes When representing values in the range 
128 .. 32767. If the first byte is in the 0 .. 127 range, the high byte of the 
parameter is inpl icitl y zero. otherwise I bit 7 of the first byte is 
cl eared and is used as the high order byte of the p:lrameter. The second 
byte is used as the lOvV-order byte. 

W Word: the next tvvo bytes (low byte first) are the parameter value. 

These rmerronics are intended onl y for further understanding of P-cooe. 
Neither the Western Digital Corporation nor the University of California at 
San Diego provide P-code assembler software. 
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~1neronic 

SLIX: 

LOCN 

LOCB 

LIX:I 

LC.~ 

SlDLl. .16 

LDL 

LI.A 

STL 

Instruction 
Cocle 

0 .. 31 

152 

128 

129 

130 

32 .. 47 

135 

132 

164 

Tabl e C-l. P-Machine Opcodes. 

Parameters Description 

Constant One Ibrd Loads 

UB 

w 

B 

Short Load Word Constant (Val ue 0-31). 
Pushes the opcode, with high byte 
zero, onto the stack. 

load Constant Nil (FCOO). Pushes nil 
onto the stack. 

load Constant Byte. Pushes UB, with 
high byte zero, onto the stack. 

load Constant Ibrd. Pushes W onto 
the stack. 

load Constant Address. Pushes the \-ord 
address of the constant, with offset B 
in the constant \-ord block, onto the 
stack. 

lDcal Che Ibrd loads and Store 

B 

B 

B 

Short Load lDcal W:Jrd. Fetches the 
word with offset 1. .16 in the local 
activation record and pushes it on 
the stack. 

Load lDcal I«:>rd. Fetches the \-ord with 
offset B in the local activation record 
and pushes it on the stack. 

Load lDcal Address. Fetches address of 
the \\Ord with offset B in the local 
activation record and pushes it on the 
stack. 

Store lDcal. Stores Tos into the \\Ord 
with offset B in the local activation 
record. 
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Table C-l. P-Machine Opcodes. (Continued) 

Instruction 
Cocle Parameters Description 

~ ------------------------------------------------------------------------------

SLIxn .. 16 48 .. 63 

u::o 133 

LAO 134 

SRO 165 

LDD 137 

LI:IA. 136 

STR 166 

STO 196 

Global O:1e ~brd loads and Store 

B 

B 

B 

Short Load Gl cbal hbrd. Fetches the 
word with offset 1. .16 in the base 
activation record and pushes it on the 
stack. 

load Gl cbal ~rd. Fetches the \-oro 
with offset B in the base activation 
record and pushes it on the stack. 

load Global Address. Pushes the 'M:>ro 
address of the \-oro with offset B in 
e1e base activation record. 

Store Gl cbal W:Jro. Stores Tos into the 
word with offset B in the base 
activation record. 

Intennediate One-Hord Loads and Store 

DB,B load Intennediate Ibrd. DB indicates 
the number of static links to traverse 
to find the activation record to use. 
B is the offset within the activation 
record. 

DB,B Load Intennediate Address. 

DB,B Store Intennediate ~brd. 

Indirect One-Word Loads and Store 

Store Indirect. 'Ibs is stored into the 
word minted to by 'Ibs-l. 
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C-2. PASCAL MICR0EN3INE OPERATCR EXEcUrroN TIMES 

, ' 

Tabl e C-2 presents the executiori time of cill 3.0 P-code operators. Any 
P-code operator is rrade up of several Cperations. My one of these operat­
ions \\Quld oonnally be considere::1 as one nBchirie-language operator on a oon­
stack rna.chine. 'Iherefore, P-ccrle operatOr timings are not canp:irabl e to 
nonstack-nachine-operator timings. 

'!be operators are grouped by operation. '!be l'e~-hari:1 ool.timn contains the 
P-ccde rnnem:>nic, fallOAed by the 8-bit ~e for thcit P-ccde. Next, the 
P-ccde p:rrameters zero to three are given ~ , All execution times are in 
microseconds and 'Were rreasured on an MEi600 rurlningat 2. 5 rnhz. 

Many of the P-ccrle execution times are 'data dependent. For this tabl e, 
the best and Y.Orst times are listed with carments de'scribing row the 
val ues . rel. ate to the operands of the in Stniction • For sane P-ccdes, the exec­
ution time. betv;een the best and VtOrst is equally probabl e', depending on 
the execution environnent. ~ver , for s::rne of these data-dependent P-ccdes, 
the execution times near the best case values are riore prcbable than t.b:>se 
of the, \\Orst. case. Ebr example, all c:perators that require static link trav­
ersal (IDD, ~, SIR, CPI', exI, and ISL) traverse one-to-foUr links. In fact, 
canpil er enforced restrictions disallow traversal s of rrore than eight links. 
'!bus, the \\erst case execution time for any of th::>se P-codes', whil e theoretic­
ally possible, can never cccur. 

Under the mnaronic for each P-code is a rntation'al description of the 
P-nachine stack both before and after the execution of the P-ccde. A stack 
status description consists of a single fair of enclosing brackets ([J). '!be 
stack status on the left. side of the colon represents the status prior to 
execution of the P-code, \\hil e the stack status on right of the colon rep­
resents the status follONing the execut;ion of the P-code. ~vi thin the brackets, 
the stack grows fran left to right, with indivIdUal operands seperated by 
camas. Q?erands wi thin stack status descriptions are of the fullONing types: 

activation - a block of four, 16-bit \\Ords representing the record 

addr 
bool 

byte-ptr 

of activation of a prccedure or ftmction (MSCW). 
- a 16-bit \\Ord address. 
- a 16-bit value representing a Pascal BCX)I.EAN. '!he 

l<M-Order bit signifies the Eb:ll.ean value, all 
other bits are 0. A val ue of (0 represents Fru.SE i 
a val. ue of 1 represents '!RUE. 

- two, 16~it values representing the address of 
an 8-bit byte. 
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func-result - either 1 or 2 16-bit values representing the 
resul. t of a fimction left on the stack when 
returning fran a function. N:> \\Ords are 1 eft on 

int 
nil 
pack-ptr 

param 

real 

return fran a ,Proce:!ure. 
- a 16-bi t ~ I S canpl anent Pascal INTEGER. 
- a 16-bit val ue representing a NIL pa.scal fOinter. 
- a "packed field p::>inter": three, 16-bit values 

defining the address of field of a packed 
variable. '!he val ues, fran highest to l~st 
stack p::>si tion, are 1) the rightm:Jst bit * of 
the packed field, 2) the field width in bits and 
3) the address of the \\Ord oontaining the field. 

- a block of 16-bit \".Ords representing the values 
of the parameters being- passed to a procedure or 
function. 

-, t"vVO, 16-bit values representing a Pascal REAL. Cbe 
val ue oontains the sign, exfOnent and high-order 
mantissa bits, the other value oontains the ION­
order mantissa bits. 

seg#/proc# - a 16-bit v.ord containing 2, 8-bit bytes. '!he high 
byte is the segment nlllTberi the low byte, the 
procedure number of a procedure or function being 
invoked via P-co1e CPF. 

set -. a block of 1 •. 256, 16-bi t \\Ords representing a 
Pascal. SEI'. '!he highest 'iMJrd in the set defines 
the number of \\Ords in the block of \\Ords bel ON. 

word - a 16-bit val ue. 
word-block - a blcck of 2 •. 255, 16-bit v-ords. 

All P-ccrle parameters are one of five basic types : 

UB "Unsigned byte": valu~ in the range 0 •. 255, high-order 
byte is impl ici tly zero. 

SB - "Signed byte" : val ue in the range -128 •. 127, high-order 
byte is :i:mpl ici tl y sign extension of bit 7. 

DB ''Don I t care byte": val ue in the range 0 .. 127, high-order 
byte is impl ici tl y 0 •. 

B UBig" : one byte long when used to represent values :in 
the range 0 .. 127i t"vVO bytes long when used to represent 
val ues in the range 128 •. 32767. If the first byte is in 
the range 0 •• 127, the high byte is implicitly 0. Other­
wise, bit 7 of the first byte is cl earerl, and the first 
byte is use:! as the high-order byte of the r:arameter. 
The secorrl byte is used as the low-order byte. 

W - l'W:Jrd": bAo-byte value in the range 0 .. 32767. '!he first 
byte is used as the ION byte of the p:trameter. 
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Tabl e C-2. Cperator Execution Times. 
--------_ ... _---.... --------------------------------------... ------

Mnaronic cpcode Parameters Time Remarks 
---------------_ .......... ------_ ... ---_...-... _--------... _---------------.... 

Constant One-Word Loads 
----------------------

SLOC0 •• 31 0 •. 31 2.8 
[] : [\\Ord] 

LCCN 152 6.4 
[] : [nil] 

LOCB 128 US 5.6 
[] · [\\Ord] · .--. 
LOCI 129 W 8.4 
[] · [v.ord] · 
I.C.A 130 B 8.0 
[] : [addr] 

Local One--{'lord Loads and Stores 

):-:.. ::, .. -" 
, ~:. -----------------~-------~-----

SLDL1 .. 16 32 .. 47 6.4 
[] · [v.ord] · 
LDL 135 B 9.6 
[] : [v.ord] 

LIA 132 B 7.6 
[] · [addr] · 
STL 164 B 9.6 
[v.ord] : [] 

-----------------------------.... ------------......... _---------------
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Tab]. e C-2. ~ator Execution Times. ( Continued) 

MnatOnic <:p:xXie Parameters Time Remarks 

SLOOI •• 16 48 •• 63 
[J : [v.urd] 

LID 133 
[J : [word] 

"lAO 134 
[] : [addr] 

SRO 165 
[v.urd] : [] 

IOO 137 
[] . [v.ord] . 
LIA 136 
[J : [addr] 

STR 166 
[v.urd] . [J . 

STO 196 
[addr,word] : [] 

Gld:>a.l One-Word Loads and Stores 

7.2 

B 10.0 

B 8.0 

B 13.2 

Intermediate One-Word Loads and Stores 
------------------------------

00, B 17.2 to 423.6 17.2 + 3.2(DB). 

00, B 15.2 to 421.6 15.2 + 3. 2(OB) • 

DB, B 16.8 to 423.2 16.8 + 3.2(OB). 

Indirect One-Word Loads and Stores 

8.0 

--------------------------------------------
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Table C-2. <:perator Execution Times. (Continued) 

Mnaronic cpcooe Parameters Time Remarks 

Extended Q1e-Word Loads and Stores 

LIE 154 UB, B 26.8 
[] : [v.ord] 

IAE 155 UB, B 24.8 
[] : [addr] 

STE 217 UB, B 26.0 
[v.ord] : [] 

Multiple-Word IDads and Stores (Sets and Reals) 

LOC 131 B, UB 18.0 to 1038.0 18.0 + 4.0(UB) 
[] : [v.ord-bl ock] 

UM 208 UB 10.4 to 1540.4 10.4 + 6.0(UB) 
[addr] : [\\Ord-bl ock] 

S'IM 142 DB 12.4 to 1532.4 12.4 + 6.0(UB) 
[v.ord-bl cck, addr] : [] 

Byte Arrays 

LDB 167 12.0 
[byte-ptr] [\\Ord] 

STB 200 13.6 
[byte-ptr , word] : [] 

-~-----~--------------------------------------------------------------~~-~---
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Table C-2. cperator Execution Times. (Continued) 
--------------------------------------------------------

MnE!!ronic cpcode Parameters Time Remarks 

Record and Array Indexing and Assignment 

MOV 197 B 
[addr, addr] : [] 

SINOO •• 7 120 .. 127 
[addr] [wurd] 

IND. 230 B 
[addr] [word] 

. .- INC 231 B 
[addr] [addr] 

I:xA 215 B 
[addr , word] : [addr] 

IXP 216 UBI, UB2 
[addr I word] : [pack-ptr] 

El anents p:!r \\Ord Best time 
3 27.6(0) 
4 27.6(0) 
5 27.6(0) 
8 27.6(0) 

16 27.6(0) 

LOP 
[pack-ptr] 

201 
[word] 

STP 202 
[p:lck-ptr ,word] : [] 

13.2 to 196615.2 

8.4 

12.4 

9.6 

9.6 to 56.8 

Vbrst tDne 
37.2(2) 
38.8(3) 
39.6(4) 
38.0(3 •. 7) 
3S.6(2 .. 1S} 

18 •. 4 to 50.4 

20.4 to 64.4 
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13.2 + 6.0{B). 

9.6 is best case tDne 
(index (TCS) is 0) I 
time increases \~en 
index exceeds B. ¥brst 
case tUne (56.8) arrives 
wi th array e1. anent size 
(B) of 16384. 

Times indicated are for 
indices (TCS) in the 1st 
\\Ord of the array. Val ues 
in plI'enthesis indicate 
index range for Yhich the 
corresporrling tDne is 
ootained. ALL times are 
73.6 larger if index is 
not in 1st \\Ord. 

18.4 + 
2.0 (fieldwidth) + 

2.0(right bit i). 

20.4 + 
2.0(fieldwidth) + 

2.8(right bit #). 



Table C-2. cperator Execution Times. (Continued) 

Mnanonic cp:xxle Parameters Time Remarks 

iQgicals 
----

!.AND 161 8.0 
[v.;ord, word] : [¥.Ord] 

LDR 160 8.0 
[v.;ord , word] : [word] 

war 229 5.2 
[\\Ord] [v.ord] 

--- BID!' 159 6.13 
[bcol] D:x:ol] 

LEUSW 100 9.6 10.4 TRUE FAISE 
[\\Ord, word] : [bco.l] 

GEUSW 181 9.6 10.4 TRUE FAISE 
[ YJOrd , VJOrd] : [bool] 

-----------------~--~-----------------------------~------------. ----. ------------

-
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