












































































































































































































































































































































































































































































































































































































































































































































































































































o 21 :10 

Physical Page 
Number (PPN) 

.. - ... - .--- ..... . 

9:0 

Byte Offset 

Figure 2-20. A Physical Address (note the PPN and Offset Fields) 

Unsuccessful Translations 

When translation is unsuccessful, a bus error (one of four types) is generated. The four 
types of bus errors are: 

1. Page Faults, 

2. Access Violations, 

3. MMU Parity Errors, and 

4. MMU Timeouts. 

We describe each type of bus error in the text that follows. 

Page Faults 

If the MMU encounters the "end-of-linked-list" bit twice, there is no match (and it can 
be inferred that the page does not reside in physical memory). The MMU sets the page 
fault bit (bit 6) in the MMU control register, so that the operating system can bring the 
requested page into physical memory. 

Access Violations 

When the current process does not have the appropriate permissions (R, W, X, or S) to 
perform the function that the CPU is trying to perform, the MMU sets the access viola­
tion bit (bit 7) in the MMU control register. 

MMU Parity Errors 

When hardware detects a parity error in either the PIT or the PFT, the MMU sets the 
bus timeout or MMU parity error bit (bit 5) and the MMU error bit (bit 3) in the 
MMU status register. The MMU also sets the PFT error bit (bit 12) or the PIT error 
bit (bit 13) in the MMU parity register. Additionally, the MMU loads the PPN from that 
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location where the fault has occurred into the MMU parity register's PFT index or PIT 
contents field. 

MMU Timeouts 

At most, the MMU needs .68ms to completely search the PFT for a valid translation. 
When a memory error in the PFT occurs, the link mark bit may be inappropriately 
cleared. If a search is not completed (a match is not found, nor is a page fault generated) 
within 12.8ms, the MMU sets the bus timeout or MMU parity error bit (bit 5), and the 
MMU error bit (bit 3) in the MMU status register. 
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Introduction 

Appendix A 

Floating Point Process­
ing 

This chapter describes the architecture of floating-point units used in DN3XX and 
DN5XX nodes (the DSPXXA does not incorporate floating-point capabilities). If you 
have a DN320 or DN550 node, floating-point operations are controlled by the Perfor­
mance Enhancement Board (PEB, or floating-point accelerator). If you have a DN330 
or DN560 node, floating-point operations are performed by the MC68881 coprocessor. 
Refer to Chapter 1, and see Figures XXX and XXX .. These figures show the system ar­
chitectures of DN3XX and DN5XX nodes. Notice where the PEB, or the MC68881, is 
located within each figure. 
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The Performance Enhancement Board 
The PEB is a 32-bit microprogrammed computer, capable of executing 255 different in­
structions. User-visible elements of the PEB include the accumulator, temporary, and 
constant (or "x") registers; an integer 32-bit accumulator, and the PEB control page. 
Supervisor-visible elements of the PEB include user-visible elements, along with its 
writable control store (WCS) , and a control register. ' 

PEB Registers 
The PEB control page contains those registers required for control of the PEB floating­
point unit. These registers are intended for supervisor processes only. 

The PEB Control Register 

CPU writes to this register control PEB operations. 
describes the functions of the PEB control register. 
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o 15:9 8:4 3 2 1 0 

, 

, , 

, 
, , F PU Enable 

Step FPU 

FPU R eset 

FPU Exce , , ption Interrupt Enable 

rol Store Address (CSA 11 --+- CSA07) Upper FPU Cont 
, It 

Unused 

FPU Enable < 0 > 
o = clock able to be single-stepped; 
control store accessible. 
1 = clock running; 
control store inaccessible. 

FPU Step < 1 > 
If FPU Enable = 0 then toggling FPU Step (0 to 1 and back to 0) will advance 
the FPU through one microinstruction. 

FPU Reset < 2 > 
o = reset FPU, start microprogram. 
1 = allow FPU to run. 

FPU Exception Interrupt Enable < 3 > 
o = do not allow interrupts. 
1 = allow interrupts. 

Upper FPU Control Store Address < 8:4 > 
4 = Halt. 
5 = Run. 
6 = Step. 

Unused < 15:9 > 
These bits are presently unused. 

Figure A-1. The PEB Control Register 

A-3 Floating Point Processing 



The PEB Status Register 

The CPU reads the PEB status register in order to monitor PEB operations. Refer to 
Figure A-2; it shows and describes the functions of the PEB status register. 

Floating Point Processing A-4 



o 

C\I 
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15 14:4 3 2 1 0 
.... 

i 
" M S8 

, , FPU Control Store Parity Error 

Unuse , , 

, 
FPU Busy 

MSB < 0 > 
(Bit 11) of micropc. 

, 
FPU Micropc 

FPU Control Store Parity Error < 1 > 

o = FPU WCS ok. 
1 = FPU error. 

FPU Exc 

d 

eption Interrupt Pending 

This bit is cleared by FPU Enable (bit 0) in the control register. 

Unused < 2 > 

This bit is unused. 

FPU Exception Interrupt Pending < 3 > 

o = Not interrupting. 
1 = Interrupt pending. 
This bit is cleared when an interrupt occurs, or FPU reset in the control register. 

FPU MicroPC < 14: 4 > 
These bits are the current micropc (bit 4 is Isb; bit 14 is msb). 

FPU Busy < 15 > 

o = FPU not busy 
1 = FPU busy. 

Figure A-2. The PEB Status Register 

A-5 Floating Point Processing 



The PEB Diagnostics Register 

See Figure A-3. It shows and describes the functions of the PEB diagnostics register. 
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FPU Disable- < 0 > 
o = halted; r/w WCS. 

15:8 

, , 
Unused 

1 = clock on; can't read WCS. 

Step+ < 1 > 
o = clock running. 
1 = clock stepping. 

FPU Reset- < 2 > 
o = FPU is reset;, clear parity error. 
1 = FPU can be running. 

FPU Intent+ < 3 > 
o = do not allow interrupt to occur. 
1 = allow interrupt to occur. 

Halt- < 4 > 
o = FPU is halted. 
1 = FPU is running. 

76543210 

, 
PU Disab/e-, , F 

" Step + 

FPU R eset-

FPU Inte nt+ , , 
" Ha/t-

, It Freeze-

, , Full-

Rev-X 

Freeze- < 5 > 
o = FPU has hit a clock freeze and 
is halted. 
1 = no freeze encountered. 

Full- < 6 > 
o = microstack is full and micropc is 
unable to increment. 
1 = microstack is ok. 

Rev-X 
o = hardware Rev 0 1 k WCS. 
1 = hardware Rev 1 4k WCS. 

Rev-X 
These bits are unused. 

Figure A-3. The PES Diagnostics Register 
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PEe Floating-Point Formats 
Floating-point formats for the PEB are as follows (where s = sign, e = exponent, and m = 
mantissa): 

Single Precision seee eeee emmm mmmm mmmm mmmm mmmm mmmm (an 
8-bit exponent, a 23-bit mantissa + 1 hidden bit; eeeeeeee -> 
actual exponent + 127) 

Double Precision seee eeee eeee mmmm mmmm mmmm mmmm mmmm mmmm 
mmmm mmmm mmmm mmmm mmmm mmmm mmmm (an 
ii-bit exponent, 52-bit mantissa + 1 hidden bit; eeeeeeeeeee -> 
actual exponent + 2047) 

Floating-Point Operations 
There are 6 types of floating-point operations. These are: 

1. Single precision dyadic operations 

2. Double precision dyadic operations 

3. Single precision monadic operations 

4. Double precision monadic operations 

5. Regular monadic operations 

6. Special operations 

A physical address within the FPU page represents each flotating-point operation. 
Mnemonics for floating-point operations are constructed from abbreviations. Abbrevia­
tions are as follows: 

DA Double Precision Add 

DS Double Precision Subtract 

RD Double Precision Reverse Subtract 
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DM Double Precision Multiply 

DMA Double Precision Multiply and Accumulate 

DD Double Precision Divide 

RD Double Precision Reverse Divide 

XCP EXcePtion Status and Interrupt Enable 

FA Floating Accumulator 

FAL Floating Accumulator Low 

FAH Floating Accumulator High 

FT Floating Temporary 

LFT Load Floating Temporary 

LIT Load Integer Temporary 

SA Single Precision Add 

SS Single Precision Subtract 

RS Single Precision Reverse Subtract 

SM Single Precision Multiply 

SMA Single Precision Multiply and Accumulate 

SD Single Precision Divide 

RDS Single Precision Reverse Divide 

Refer to Table A1, Table A-2, and Table A-3. These tables provide listings of floating­
point operations, by type. The tables also provide those FPU page address assigned to 
every operation. 
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Table A-1. Single Precision Dyadic Floating-Point Operations 

Single Precision Dyadic Operations 

Mnemonic Address and Meaning 

BUS FA SA $7004 
lFTl=A -SA FT $7008 single precision add 
FA_'eUS:'SA $700C 

BUS FA SS $7010 
lFT l=A -Ss FT 
FA_BUS:'SS-

$7014 
$7018 

single precision subtract 

BUS FA RS $701C 
lFTl=A -Ss FA $7020 single precision reverse subtract 
FA_BUS:'RS- $7024 

BUS FA SM $7028 
lFTl=A-SM FT $702C single precision multiply 
FA_eUS:'SM $7030 

BUS FA SO $7034 
lFTl=A -SO FT $7038 single precision divide 
FA_BUS:'SD $703C 

BUS FA RDS $7040 
lFTl=A RDS FA $7044 single precision reverse divide 
FA_BUS:'RDS- $7048 

\ ' .... 

Single Precision (Dyadic) Operations continue on the next page 
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Table A-1 (continued). Single Precision Dyadic Floating-Point Operations and 
their Addresses within the FPU Page 

Single Precision Dyadic Operations 

Mnemonic Address and Meaning 

LFT SMIN $7138 Min (FA, FT) -> FA 
FA_BUS_SMIN $713C Condition Codes -> lAC high word 

LFT SMAX $7150 Min (FA, FT) -> FA 
FA_BUS_SMAX $7154 Condition Codes -> lAC high word 

LFA SAX $7168 FA + FX -> FA (single precision) 
FA_BUS_SAX $716A 

LFA SMX $717C FA * FX -> FA (single precision) 
FA_eUS_SMX $7180 

BUS FA SP $71A4 write sp "x" register for sp polynomial 
LFT -FA -RDS FA $71A8 load FA for SP polynomial operation 
FA_BUS:RDS- $71AC (FA * FX) + FT -> FA 

W_IAC_SP $7214 load integer accumulator, float to sp 

BUS FA SMA $7234 sp multiply and accumulate 
LFT-SMA $7238 (FA * FT) + FX -> FA, FX 
FA_BUS_SMA $723C 

LFT_PWR $7260 FA ** FT -> FA 

IAC_SP_PWR $726C FA ** lAC -> FA 
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Table A-2. Double Precision Dyadic Floating-Point Operations 

Double Precision Dyadic Operations 

Mnemonic Address and Meaning 

BUS FAH RDS $704C 
BUS-FAL-oA $7050 
BUS-FTt1DA $7054 double precision add LFTC FA 1>A FT $7058 
FAH ~US'" DA $705C 
FAL.:aUS:OA $7060 

BUS FAH OS $7064 
BUS-FAL-oS $7068 
BUS-FTt1DS $706C double precision subtract LFTC FA 1>S FT $7070 
FAH ~US'" oS'" $7074 
FAL.:aUS:OS $7078 

BUS FAH RD $707C 
BUS-FAL~O $7080 
BUS-FTt1RO $7084 double precision reverse subtract LFTC FA 1>S FA $7088 
FAH ~US'" RI5' $708C 
FAL.:aUS.:RO $7090 

BUS FAH OM $7094 
BUS-FAL -OM $7098 
BUS-FTt10M $709C double precision multiply LFTC FA 1>M FT $70AO 
FAH llUS'" oM"" $70A4 
FAL.:aUS:OM $70A8 

BUS FAH DO $70AC 
BUS-FAL-oO $70BO 
BUS-FTt1DO $7084 double precision divide LFTC FA 1>0 FT $70B8 
FAH ~US'" 015' $70BC 
FALJ3US,:oO $70CO 

BUS FAH ROD $70C4 
BUS-FAL~OO $70C8 
BUS-FTt1ROO $70CC double precision reverse divide LFTC FT 1>0 FA $7000 
FAH ~US'" R[5b $7004 
FALJ3US.:ROO $7008 

Double Precision (Dyadic) Operations continue on the next page 

Floating Point Processing A-12 



C) 
Table A-2 (continued). Double Precision Oyadic Floating-Point Operations 

Double Precision Dyadic Operations 

Mnemonic Address and Meaning 

BUS FTH DMIN $7140 Min (DFA, OFT) -> DFA 
LFTC OMThJ $7144 Condition Codes -> lAC high word 
FAH "BUS DMIN $7148 
FAL,:eUS.:oMIN $714C 

BUS FTH DMAX $7158 Max (DFA, OFT) -> DFA 
LFTC OMAX $715C Condition Codes -> lAC high word 
FAH "BUS OMAX $7160 
FAL,:eUS.:oMAX $7164 

BUS FAH DAX $716C FA + FX -> FA (double precision) 
LFAC OAX $7070 
FAH 'BUS DAX $7174 
FAL,:eUS.:oAX $7178 

BUS FAH OMX $7184 FA '" FX ->FA (double precision) 
LFAL DMX $7088 
FAH "BUS OMX $718C 
FAL,:eUS.:oMX $7190 

BUS FXH $71BO write dp uxu register for dp polynomial 
BUS-FXL $71B4 
BUS-FAH DP $71B8 dp polynomial 
BUS-FAL l)P $71BC (OFA * OFX) + DFT -> DFA 
BUS-FTH-OP $71CO 
LFTL OP- $71C4 
FAH "SUS OP $71C8 
FAL:BUS:DP $71CC 

W_IAC_OP $7218 load integer accumulator, float to dp 

BUS FAH OMA $721C dp multiply and accumulate 
BUS-FAL l)MA $7220 (OFA * DFT) + OFX -> OFA, FFX 
BUS-FTI-f"DMA $7224 
LFTC OMA $7228 
FAH BUS DMA $722C 
FAL:SUS:OMA $7230 

BUS FTH PWR $7264 FA * * FT -> FA 
LFTL_PWR $7268 

IAC_DP_PWR $7270 FA * * lAC -> DP 
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Table A-3. Single Precision Monadic Floating-Point Operations 

Single Precision Monadic Operations 

Mnemonic Address and Meaning 

SP_NINT $720C _ nearest integer of sp -> sp 

SP_TRUNC $7240 truncate FA -> FA 

SP_LOG $7248 FA <- log (FA) 

SP_EXP $7250 FS <- exp(FA) 

SP _SQRT $7258 FA <- sqrt(FA) 

SP _SIN $7274 FA <- sin (FA) 

SP_COS $727C FA <- cos (FA) 

SP_TAN $7284 FA <- tan (FA) 

SP_ATAN $728C FA <- atan (FA) 
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C) Table A-4. Double Precision Monadic Floating-Paint Operations 

Double Precision Monadic Operations 

Mnemonic Address and Meaning 

DP_NINT $7210 nearest integer of dp -> dp 

DP_TRUNC $7244 truncate FA -> FA 

DP_LOG $724C FA <- log (FA) 

DP_EXP $7254 FA <- exp (FA) 

DP_SQRT $725C FA <- sqrt(FA) 

DP_SIN $7278 FA <- sin (FA) 

DP_COS $7280 FA <- cos (FA) 

DP_TAN $7288 FA <- tan (FA) 
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Table A-5. Monadic Floating-Point Operations 

_ Monadic Operations 

Mnemonic Address and Meaning 

F_NEG $71EO negate sp/dp accumulator 

F_ABS $71E4 absolute value of sp/dp accumulator 

SP DP $71E8 convert sp in accumulator to dp 
DP:SP $714C convert dp in accumulator to sp 

L SP $71FO float integer accumulator into sp 
L:OP $71F4 float integer accumulator into dp 

SP 1 $71F8 fix sp to integer accumulator 
DP:1 $71FC fix dp to integer accumulator 
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Table A-6. Special Floating-Point Operations 

Special Operations 

Mnemonic Address and Meaning 

PEB_BASE $7000 base address for PEB 

FPU_RESET $7000 reset FPU 

R/W_XCP $70F8 readlwrite exception register 

HIGH_BUS $7124 read upper 24 bits of DP mantissa 

FX TO FA $7194 FX -> FA 
FA:TO:FX $7198 FA -> FX 

REV_BUS $719C read microcode revision level 

FAH BUS 
FXL.:sUS 

$7100 
$7104 

read dp "x" register 

XCHNG $7108 FA <-> FX 

FTH_BUS $71DC read dp register (high part) only 

LIT INTMUL $7200 load integer "x" register, multiply 
LlT-INTOIV $7204 load integer "x" register, divide 
L1T=INTOIV $7208 load integer "x" register, reverse divide 

FPU_STATUS_BUS $73FC fpu status register 

The MC68881 Coprocessor 
For information regarding the Motorola 68881 co-processor, refer to the Motorola 
MC68881 Floating-Point Coprocessor User's Manual (© 1985, Motorola Inc). 
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