
CS450 : Saelee

PDP11









vital stats



(first) 16-bit computer



64KB address space



64KB-4MB physical memory
(wow!)



8 general purpose registers



CISC-y ISA
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just “bit”, “cmp” and “tst” (whose stated function
is to set the condition codes).

adc Add the contents of the C bit to the destina-
tion;

add Add the source to the destination;

ash Shift the contents of the defined register left
the number of times specified by the shift
count. (A negative value implies a right
shift.);

ashc Similar to “ash” except that two registers are
involved;

asl Shift all bits one place to the left. Bit 0 be-
comes 0 and bit 15 is loaded into C;

asr Shift all bits one place to the right. Bit 15 is
replicated and bit 0 is loaded into C;

beq Branch if eaual, i.e. if Z = l;

bge Branch if greater than or equal to, i.e. if
N = V;

bhi Branch if higher, i.e if C = 0 and Z = 0;

bhis Branch if higher or the same, i.e. if C = 0;

bic Clear each bit to zero in the destination that
corresponds to a non-zero bit in the source;

bis Perform an “inclusive or” of source and desti-
nation and store the result in the destination;

bit Perform a logical “and” of the source and des-
tination to set the condition codes;

ble Branch if greater than or equal to, i.e if Z = 1
or N = V;

blo Branch if lower (than zero), if C = l;

bne Branch if not equal (to zero), i.e. if Z = 0;

br Branch to a location within the range (. -128,
. +127) where “.” is the current location;

clc Clear C;

clr Clear destination to zero;

cmp Compare the source and destination to set the
condition codes. N is set if the source value
is less than the destination value;

dec Subtract one from the contents of the destina-
tion;

div The 32 bit two’s complement integer stored in
rn and r(n+l) (where n is even) is divided by
the source operand. The quotient is left in rn,
and the remainder in r(n+l);

inc Add one to the contents of the destination;

jmp Jump to the destination;

jsr Jump to subroutine. Register values are shuf-
fled as follows:

pc, rn, –(sp) = dest., pc, rn

mfpi Push onto the current stack the value of the
designated word in the “previous” address
space;

mov Copy the source value to the destination;

mtpi Pop the current stack and store the value in
the designated word in the “previous” address
space;

mul Multiply the contents of rn and the source. If
n is even, the product is left in rn and r(n+l);

reset Set the INIT line on the Unibus for 10 mil-
liseconds. This will have the effect of reini-
tialising all the device controllers;

ror Rotate all bits of the destination one place to
the right. Bit 0 is loaded into C, and the
previous value of C is loaded into bit 15;

rts Return from subroutine. Reload pc from rn,
and reload rn from the stack;

rtt Return from interrupt or trap. Reload both pc
and ps from the stack;

sbc Subtract the carry bit from the destination;

sob Subtract one from the designated register. If
the result is not zero, branch back “offset”
words;

sub Subtract the source from the destination;

swab Exchange the high and low order bytes in
the destination;

tst Set the condition codes, N and Z, according to
the contents of the destination;

wait Idle the processor and release the Unibus un-
til a hardware interrupt occurs.

The “byte” version of the following instructions
are used in the file “m40.s”, as well as the “word”
versions described above:

bis inc
clr mov
cmp tst
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complex addressing modes:
direct:	 sp
indirect: 	(sp)
indexed: 	4(sp)
autoinc/dec: 	(sp)+, -(sp)
autoinc deferred: 	*(r0)+



“UNIBUS” architecture



memory-mapped I/O



e.g., MMU regs, 
device status/command regs
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54505400    if(d <= 0)
5451 rkintr()d = 1;5401
5452 {5402    if (bp->b_blkno >= NRKBLK*d) {
5453    register struct buf *bp;bp->b_flags =| B_ERROR;5403
5454iodone(bp);5404
5455    if (rktab.d_active == 0)return;5405

return;54565406    }
5457    bp = rktab.d_actf;5407    bp->av_forw = 0;
5458    rktab.d_active = 0;5408    spl5();

/* error bit */5459    if (RKADDR->rkcs < 0) {5409    if (rktab.d_actf==0)
deverror(bp, RKADDR->rker, RKADDR->rkds);5460rktab.d_actf = bp;5410
RKADDR->rkcs = RESET|GO;54615411    else
while((RKADDR->rkcs&CTLRDY) == 0) ;5462rktab.d_actl->av_forw = bp;5412
if (++rktab.d_errcnt <= 10) {54635413    rktab.d_actl = bp;

rkstart();54645414    if (rktab.d_active==0)
return;5465rkstart();5415

}54665416    spl0();
bp->b_flags =| B_ERROR;54675417 }

5468    }*/5418 /* -------------------------
5469    rktab.d_errcnt = 0;5419
5470    rktab.d_actf = bp->av_forw;5420 rkaddr(bp)
5471    iodone(bp);5421 struct buf *bp;
5472    rkstart();5422 {
5473 }5423    register struct buf *p;

*/5474 /* -------------------------5424    register int b;
54755425    int d, m;
5476 rkread(dev)5426
5477 {5427    p = bp;
54785428    b = p->b_blkno;
5479    physio(rkstrategy, &rrkbuf, dev, B_READ);5429    m = p->b_dev.d_minor - 7;
5480 }5430    if(m <= 0)

*/5481 /* -------------------------d = p->b_dev.d_minor;5431
54825432    else {
5483 rkwrite(dev)d = lrem(b, m);5433
5484 {b = ldiv(b, m);5434
54855435    }
5486    physio(rkstrategy, &rrkbuf, dev, B_WRITE);5436    return(d<<13 | (b/12)<<4 | b%12);
5487 }5437 }

*/5488 /* -------------------------*/5438 /* -------------------------
54895439
54905440 rkstart()
54915441 {
54925442    register struct buf *bp;
54935443
54945444    if ((bp = rktab.d_actf) == 0)
5495return;5445
54965446    rktab.d_active++;
54975447    devstart(bp, &RKADDR->rkda, rkaddr(bp), 0);
54985448 }
5499*/5449 /* -------------------------
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5350 #5300    bp->b_dev = dev;
5351 /*5301    /*
5352  */5302     * Compute physical address by simulating
53535303     * the segmentation hardware.
5354 /*5304     */
5355  * RK disk driver5305    bp->b_addr = base&077;
5356  */5306    base = (u.u_sep? UDSA: UISA)->r[nb>>7] + (nb&0177);
53575307    bp->b_addr =+ base<<6;
5358 #include "../param.h"5308    bp->b_xmem = (base>>10) & 077;
5359 #include "../buf.h"5309    bp->b_blkno = lshift(u.u_offset, -9);
5360 #include "../conf.h"5310    bp->b_wcount = -((u.u_count>>1) & 077777);
5361 #include "../user.h"5311    bp->b_error = 0;
53625312    u.u_procp->p_flag =| SLOCK;
5363 #define    RKADDR  01774005313    (*strat)(bp);
5364 #define    NRK     45314    spl6();
5365 #define    NRKBLK  48725315    while ((bp->b_flags&B_DONE) == 0)
5366sleep(bp, PRIBIO);5316
5367 #define    RESET   05317    u.u_procp->p_flag =& ~SLOCK;

015368 #define    GO5318    if (bp->b_flags&B_WANTED)
5369 #define    DRESET  014wakeup(bp);5319
5370 #define    IENABLE 01005320    spl0();
5371 #define    DRY     02005321    bp->b_flags =& ~(B_BUSY|B_WANTED);
5372 #define    ARDY    01005322    u.u_count = (-bp->b_resid)<<1;
5373 #define    WLO     0200005323    geterror(bp);
5374 #define    CTLRDY  02005324    return;
53755325 bad:
5376 struct {5326    u.u_error = EFAULT;
5377    int rkds;5327 }
5378    int rker;*/5328 /* -------------------------
5379    int rkcs;5329
5380    int rkwc;5330 /*
5381    int rkba;5331  * Pick up the device’s error number and pass it to the
5382    int rkda;5332  * user; if there is an error but the number is 0 set a

5333  * generalised code.  Actually the latter is always true     5383 };
*/5384 /* -------------------------5334  * because devices don’t yet return specific errors.

53855335  */
5386 struct     devtab  rktab;5336 geterror(abp)
5387 struct     buf     rrkbuf;5337 struct buf *abp;
53885338 {
5389 rkstrategy(abp)5339    register struct buf *bp;
5390 struct buf *abp;5340
5391 {5341    bp = abp;
5392    register struct buf *bp;5342    if (bp->b_flags&B_ERROR)
5393    register *qc, *ql;if ((u.u_error = bp->b_error)==0)5343
5394    int d;u.u_error = EIO;5344
53955345 }
5396    bp = abp;*/5346 /* -------------------------
5397    if(bp->b_flags&B_PHYS)5347

mapalloc(bp);53985348
5399    d = bp->b_dev.d_minor-7;5349
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Registers (16-bit)

• R0 - R4

• R5 (Frame Pointer - FP)

• R6 (Stack Pointer - SP)

• R7 (Program Counter - PC)



Processor Status Word



processor mode
kernel / user



privileged instructions
separate MMU regs

separate SP reg



processor priority
0-7



inhibiting interrupts
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07500700    mov     $30340,PS
*/0751 /* -------------------------0701    mov     10(sp),UISA0

0752 .globl     trap, call0702    mov     12(sp),UISA1
*/0753 /* -------------------------0703    mov     UISD0,-(sp)

0754 .globl     _trap0704    mov     UISD1,-(sp)
0755 trap:0705    mov     $6,UISD0
0756    mov     PS,-4(sp)0706    mov     $6,UISD1
0757    tst     nofault0707    mov     r2,-(sp)
0758    bne     1f0708    clr     r0
0759    mov     SSR0,ssr0709    mov     $8192.,r1
0760    mov     SSR2,ssr+40710    mov     $32.,r2
0761    mov     $1,SSR00711 1:
0762    jsr     r0,call1; _trap0712    mfpi    (r0)+
0763    / no return0713    mtpi    (r1)+
0764 1:0714    sob     r2,1b
0765    mov     $1,SSR00715    mov     (sp)+,r2
0766    mov     nofault,(sp)0716    mov     (sp)+,UISD1
0767    rtt0717    mov     (sp)+,UISD0
07680718    mov     (sp)+,UISA1

*/0769 /* -------------------------0719    mov     (sp)+,UISA0
0770 .globl     _runrun, _swtch0720    mov     (sp)+,PS
0771 call1:0721    rts     pc
0772    tst     -(sp)0722
0773    bic     $340,PS*/0723 /* -------------------------

1f0774    br0724 .globl     _savu, _retu, _aretu
07750725 _savu:
0776 call:0726    bis     $340,PS
0777    mov     PS,-(sp)0727    mov     (sp)+,r1
0778 1:0728    mov     (sp),r0
0779    mov     r1,-(sp)0729    mov     sp,(r0)+
0780    mfpi    sp0730    mov     r5,(r0)+
0781    mov     4(sp),-(sp)0731    bic     $340,PS
0782    bic     $!37,(sp)0732    jmp     (r1)
0783    bit     $30000,PS0733
0784    beq     1f0734 _aretu:
0785    jsr     pc,*(r0)+0735    bis     $340,PS
0786 2:0736    mov     (sp)+,r1
0787    bis     $340,PS0737    mov     (sp),r0
0788    tstb    _runrun1f0738    br
0789    beq     2f0739
0790    bic     $340,PS0740 _retu:
0791    jsr     ps,_swtch0741    bis     $340,PS

2b0792    br0742    mov     (sp)+,r1
0793 2:0743    mov     (sp),r0
0794    tst     (sp)+0744    mov     $_u,r0
0795    mtpi    sp0745 1:

2f0796    br0746    mov     (r0)+,sp
0797 1:0747    mov     (r0)+,r5
0798    bis     $30000,PS0748    bic     $340,PS
0799    jsr     pc,*(r0)+0749    jmp     (r1)
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status codes
(à la x86 FLAGS)



2 FUNDAMENTALS UNIX 6th Edition Commentary

2 Fundamentals

UNIX runs on the larger models of the PDP11 se-
ries of computers manufactured by Digital Equip-
ment Corporation. This chapter provides a brief
summary of certain selected features of these com-
puters with particular reference to the PDP11/40.

If the reader has not previously made the ac-
quaintance of the PDP11 series then he is directed
forthwith to the “PDP11 Processor Handbook”,
published by DEC.

A PDP11 computer consists of a processor (also
called a CPU connected to one or more mem-
ory storage units and peripheral controllers via a
bidirectional parallel communication line called the
“Unibus”.

2.1 The Processor

The processor, which is designed around a sixteen
bit word length for instructions, data and program
addresses, incorporates a number of high speed reg-
isters.

2.2 Processor Status Word

This sixteen bit register has subfields which are in-
terpreted as follows:

bits description
14,15 current mode (00 = kernel;)
12,13 previous mode (11 = user;)
5,6,7 processor priority (range 0..7)
4 trap bit
3 N, set if the previous

result was negative
2 Z, set if the previous

result was zero
1 V, set if the previous

result gave an overflow
0 C, set if the previous

operation gave a carry
The processor can operate in two different modes:

kernel and user. Kernel mode is the more privileged
of the two and is reserved by the operating system
for its own use. The choice of mode determines:

• The set of memory management segmentation
registers which is used to translate program
virtual addresses to physical addresses;

• The actual register used as r6, the “stack
pointer”;

• Whether certain instructions such as “halt”
will be obeyed.

2.3 General Registers

The processor incorporates a number of sixteen bit
registers of which eight are accessible at any time
as “general registers”. These are known as r0, r1,
r2, r3, r4, r5, r6 and r7.

The first six of the general registers are available
for use as accumulators, address pointers or index
registers. The convention in UNIX for the use of
these registers is as follows:

r0, r1 are used as temporary accumulators during
expression evaluation, to return results from a
procedure, and in some cases to communicate
actual parameters during a procedure call;

r2, r3, r4 are used for local variables during pro-
cedure execution. Their values are almost
always stored upon procedure entry, and re-
stored upon procedure exit;

r5 is used as the head pointer to a “dynamic chain”
of procedure activation records stored in the
current stack. It is referred to as the “envi-
ronment pointer”.

The last two of the “general registers” do have
a special significance and are to all intents, “special
purpose”:

r6 (also known as “sp”) is used as the stack
pointer. The PDP11/40 processor incorpo-
rates two separate registers which may be
used as “sp”, depending on whether the pro-
cessor is in kernel or user mode. No other one
of the general registers is duplicated in this
way;

r7 (also known as “pc”) is used as the program
instruction address register.

2.4 Instruction Set

The PDP11 instruction set includes double, single
and zero operand instructions. Instruction length
is usually one word, with some instructions being
extended to two or three words with additional ad-
dressing information.

With single operand instructions, the operand
is usually called the “destination”; with double
operand instructions, the two operands are called
the “source” and “destination”. The various modes
of addressing are described later.

The following instructions have been used in the
file “m40.s” i.e. the file of assembly language sup-
port routines for use with the 11/40 processor. Note
that N, Z, V and C are the condition codes i.e. bits
in the processor status word (“ps”), and that these
are set as side effects of many instructions besides
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PDP11 MMU



16-bit words



16-bit “virtual” addresses



virtual memory: [0, 64KB)



8KB pages



mem-mapped I/O
160000

140000

120000

100000

060000

040000

020000

000000



physical memory limit:
PDP11/40: 256K (18-bit)
PDP11/70: 4MB (22-bit)



8KB page → 128 × 64-bytes



virtual page
⇓

physical block(s)



8 ×
page address reg
page description reg







virtual address:

vpn

PAR PDR

block #

⊕

physical address:

offset



PDR = size / direction



virtual

physical



separate PAR/PDR sets



kernel mode / user mode



KISA0
→ 1st kernel PAR
KISD0
→ 1st kernel PDR



UISA0
→ 1st user PAR
UISD0
→ 1st user PDR



startup convention



(MM disabled)



virtual

physical
I/O page



SSR0 → MM on/off


