Computation structures

Tutorial 2: p-code for ULg01
and B-assembly



Control Inputs Output U Lgol _
F3F2/F1FO C M CLK Al oA - -
5o 1111l LDSMAR — SMAR | LDDMAR —= DMAR |
1 1 0 0 1 1 Joxfffffff
LDERAM —= LD OF |=— DRSEAM | LDDRAM —=f LDy OE |~— DRDRAM
1 1 1 1 1 1A Fu.|1.|_1_iu.r|.'1.
10101 1]|B Status Flags = Staiic RAM Dynamic RAM
1 1 1 1 1 0 A1 DR ALL CLE —=f= CLK —ei=
D0 D0 0 00 At -~ T : T :
1 00 11 0 |a+B a PCINC —=[INGT TUOE|- DRFC  Functions
PC -
0 1|1 0 0 0 )AB LD = LDPC - 1o
CLE —[= = LD
101111 faande i Sitptoe flags i
_ Conirol Unit
1 1 1 0 1 |1 JAacorB q /xLDlNS'rREG i
0 1 |1 0 1 1 )AxorB ; b LDA i
/6 opcode — = PCINC
000 0 1 1 fnota Comrod ROM | 7, - LB
LDINSTREG—~[Fea 4 '3 L e LISMAR CLE —=
1 100 1 0|fa+a e Pse | #- L CODMAR
01 1 0 1 0 |AaB-1 . - LDSRAM
1 0 0 1 x |1 |not(AxorB) 31 }%MI 76 74 #3
0 1 0 0 % 1 Jnot(aandB) b Opcode | Phase | Flags
flags: — ALU flags b |- bRRe
E=1 === Alu out = Oxfff I b DRRu - i3 i3
C : negated carry out 5 Bl Latci flugs b PR LVER " ! !
N= most sign. Alu out: 331 = L DRALU Latch ALy | LD DR | PC+
Q 90K b- DRSRAM flags | F,Cn.Mode | SEL | SEL
b DRDRAM
3l 2625 2120 1615 1110 0 |- DRPC
Opcode | Re Ra ‘ Rb inutilisé Erbie LDINSTREG
) - format sans constante L pome B
31 2625 2120 1615 0 D243l 2...'-',-’; -opcode
: ‘ . ) . g CLK =[5 Instr, (b 8 b
.Dpcnde Rc | Ra valeur(mmplcmenta.rj If S 7 o7,
format avec constante (iteral) . . F Tnstr 1 H,.f 5,
i
1 i 7 7
Dll-15 hj . R ! %15 U 3
‘H-"'\-\. 5 ) n2d_31 o7 R ,_... 5 "\n-,_\_\_ 5 o
TR AT i
cLx SRR DSMAR » 7
- o o Instr. 3
5 =L
DRSEAM
DELiVED (1K] e
LDSRAM I .J 1 ,_l i .J ¥ | R DRRa | DRRe
LD LD LD Lo = —
[ SRAM (= SR AM [ SRAM O SRAM
OE OE OE OE - - -
’. ‘]r 1 ‘.—”— ‘.—|F y ‘.—| C'Cl;';__ 16 B B 1\.; 37
CLK | | | 4 3
14 2 T D631 D7 D&.15 .15




How to program the f-machine ?

 Instruction of the f-machine:

31 2625 2120 1615 1110 0
Opode | Re | Ra | Rb unused e.g.: ADD(R1, R2, R3) -> 0x80611000
Ak 262 L0 1613 9 LD(R1, 16, R2) -> 0Ox60410010
Opcode Rc Ra ‘ value (2’s complement)

* Programming the machine = writing a sequence of such instructions

* How to avoid writing instructions directly ?
* We need an assembler to convert symbolic notations into instructions !

Let us define the -assembler



A first program in ff-assembly

* The of the assembler is a sequence of constant expressions
* The is a sequence of bytes

Input : Ox25 Ox35 Ox16+0x2
3>>2 341 35>>2
©x2500

Output: Ox25 Ox35 0x18

Ox01 Ox04 Ox12
Ox00

* Still too low level so need higher level mechanisms



|dentifiers

* An identifier can be seen as a variable
* It can be assigned a value or used in expressions

* Special identifier « . » is the position of the next byte to be added to
the sequence

Input : r = 3
rr+l r*2 r-(r/2)
.= . 1+ 4
Ox25 r<<2

Output: Ox03 Ox04 60x06 Ox02
OX00 Ox00 Ox00 0Ox00
Ox25 0x0C



Labels

* A position can be assigned an identifier

Input: r = .
Ox25 0x33 r

* Or equivalently as a

Input: r: Ox25 Ox33 r

Output: 9x25 Ox33 0x00



Macros

* A macro is a parametrized program fragment
* Macro definition:

.macro macro_name(pl, .., pn) body
.macro macro_name(pl, .., pn) {

body
}
* Macro invocation: Example:
macro_name(vl, .., vn) Input : .macro F(x) x+1 x+2 x*4
.macro G(x) { F(x) F(x+2) }
G(1) F(9)

Output: Ox02 Ox03 Ox04 0x03
Ox04 Ox0C Ox01 Ox02
Ox00



[-assembly for ULg01

* Let us define the fF-assembly for ULg01 (see beta.uasm)

* That is: a set of macro making easy writing instructions for the
machine

* Note: always start to write least significant byte

31 2625 2120 1615 1110 0

ENC_NOLIT: |opcode | Re Ra Rb unused

.macro WORD(x) x%0x100 (x>>8)%0x100

.macro LONG(x) WORD(x) WORD(x >> 16) 31 2625 2120 1615 0

ENC LIT: |Opcode Rc Ra value (2’s complement)

.macro ENC_NOLIT(OP,RA,RB,RC) LONG((0OP<<26)+((RC%0Ox20)<<21)+((RA%OX20)<<16)+((RB%Ox20)<<11))
.macro ENC_LIT(OP,RA,CC,RC) LONG((0P<<26)+((RC%0x20)<<21)+((RA%0Ox20)<<16)+(CC%Ox10000))
.macro ENC_ADRLIT(OP,RA,RC,1label) ENC LIT(OP, RA, RC, (label - (. + 4)) >> 2 )



Defining addresses of registers as identifiers

| Registers
roe = 0bo
rl = obl

r31 = 0b11111

bp = 27 | frame pointer (points to base of frame)

lp = 28 | linkage register (holds return adr)

sp = 29 | stack pointer (points to 1st free locn)

Xp = 30 | interrupt return pointer (1lp for interrupts)
RO = ro

Rl = rl

| ..

R31 = r31

BP = bp

lp = LP



ﬁ-assem bly — aCtuaI inStru Ctions Without a literal With a literal

Opcode | name | Opcode | name

0x20 ADD 0x30 ADDC
0z21 SuUB 0z31 sSuBC
0x22 MUL 0x32 MULC
0x23 DIV 0233 DIVC

|; ADD(Ra, Rb, Rc) Reg[Rc] <- Reg[Ra] + Reg[Rb]

Opcode | name

.macro ADD(Ra,Rb,Rc) ENC_NOLIT(©x20,Ra,Rb,Rc) 0x1D | BEQ/BF
0z1E | BNE/BT

|; BEQ(Ra, label, Rc) Reg[Rc] <- PC; 1if Reg[Ra] == © then PC <- Mem[PC + CC]

.macro BEQ(Ra,label,Rc) ENC _ADRLIT(©x1D,Ra,Rc,label)

| ; MOVE(Ra, Rb) Reg[Rb] <- Reg[Ra]

.macro MOVE(Ra,Rb) ADD(Ra,R31,Rb)



[-assembly — Writing a program

As simple as defining identifiers and calling macros:

.include beta.uasm |; Include the definition of beta-assembly

main:

%) CMOVE (0x25, R1) |; Reg[R1] <- @x25

4 CMOVE (0x876, R2) |; Reg[R2] <- 0x876

8 ADD(R1, R2, R3) |; Reg[R3] <- Reg[R1] + Reg[R2]
12 MULC(R3, 4, R3) |; Reg[R3] <- Reg[R3] * 4

16 LD(R3, 9, R4) |; Reg[R4] <- Mem[Reg[R3] + 0]



[-assembly — Functions

For supporting function/procedure calls we need:

Allowing procedure to return a value } Use RO to store returned value

_

Passing arguments to the procedures

Allowing procedures to call other procedures, including itself ~ — Useastack!!

Making it possible for a procedure to use local variables




[-assembly — Stack

- Special registers:
* BP (r27): base of frame pointer
Arguments « SP (r28): stack pointer
Saved Lp * LP (r29): linkage pointer
Saved BE The frame is the stack area used by a procedure.
BP: =
Local . . .
S dlatlai LP contains the address of the instruction to branch to when the
execution of a procedure is over.
SP: | Unused ' SP contains the address of the first free element on top of the stack
N\

R »//



[-assembly — How to call a procedure

In the calling procedure:

1. Push the parameters on the stack
2. Branch to the procedure

In the called procedure:
1. Save LP and BP on the stack
Move SP in BP
Save the registers you will use on the stack
Load arguments (if any)
Reserve space for local variables (if any)

Free local variable space (if any)
Restore saved registers

Restore BP and LP

Jump to LP

v

In the calling procedure:
1. Remove the parameters from the stack
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Comment programmer ULgO01 7

http://6004.csail. mit.edu/Fall0o0/handouts/beta. ps http://www.run.montefiore.ulg.ac.be/~martin/SDO/
al 26 25 21 20 15 15 1}
_ o _ I Olxxxx I Rc | Ra | literal (two’s complement) I
dentificateur = expression
X = +4 LI Reg[Re] « Mem[Reg[Ra] + SEXT{literal)]
- . ST(Rc.lit. Ra)  Mem[Reg[Ra] + SEXT(literal)] « Reg[Rc] SP=R29
.macro WORD(x) (x)¥2ka8 (x) /256 IMP: Reg[Rc] « PC +4; PC « Reg[Ra] LP=R28
BEQ: Reg[Re] «— PC + 4 if Reg[Ra] = 0 then PC « PC + 4 + 4*SEXTiliteral) _
BNE: Reg[Re] «— PC + 4; if Reg[Ra] # Othen PC « PC + 4 + 4*SEXT(literal) BP=R27
LDE: Reg[Re] « Mem[PC + 4 + 4¥SEXT(literal)]
.include beta,uasm | WORD{wal) | fissemble val as a 16-bit datum PUSH(Rx)
| LOMG{wal ) | Assemble wal as a 32-bit datum
CHOVE(tos, 5P) | szt | Reserve MIORDS 32-bit words of DRAM POP(Rx)
malng
I Do your stuff here .macro BF(RA, LABEL, RC) BEO(RA,LABEL RC) ALLOCATE(n)
.macro BT(RA,LABEL RC) ENE(RA, LABEL ,RC) DEALLOCATE(n)
Jbreakpoint Lmacro BRCLABEL RCH BEO{r31, LABEL, RC}
HALT ) .macro MOYECRA, RC) AOD(RA, R31, RC)
Jmacro CHOME(CC, RC) ADOCCR31, CC, RC)
iam_a_wvar: LONG(Z27) Lmacro PUSHERA] ADOC{SP,4,5P) STCRA.-4,5F)
¥ =9 .macro POP(RA) LD(SP,-4,RA)  ADDC(SP,-4,5P)
| Placeholder for your Jmacro CALLE label) BR(label, LP}
| own functions, 16
Jmacro BTHE) JHPCLF) B
LONG{ (edeadeafe ) Jmacro ¥RTN() THPCHPY Arguments
tos:[] .macro ALLOCATE(N) ADDC(sp, W4, sp) -12
STORAGE(1024) Jmacro DEALLOCATECN) SUBC(sp, M*4, =p) [ [
| this room iz for -
| the stack _ LFP sauve
BEP szauvé
1FFZ : 00000000 HALT () BP: +0
1FFC :00000000 HALT () Variables +4
PC —340000: C3BF0010 ADDC(R31,16,5P) locales
0008 100000000 main: HALTD +8
D002 0000001 Jan_a_wvar: i1lop 0 1 2 3 4 5 6 7
D00cC :DEADCAFE 'i'l'lclp 18 LD ST |MP BEQ BME LDR
0 10 : Q0000000 tos: HALTD 20 4DD SUB MUL DIV |[CMPEQ |CMPLT CMPLE I 1
0011 4 2 Q0000000 HALTD 28 AND OR |¥OR SHL SHR  SRA 2P : - inutilisé Y
00 152 2 Q0000000 HALTD 30 ADDc SUBc MULc |\ DIVe CMPEQc CMPLTc CMPLEC -
00112 Qo000 HALT D 38 ANDc Orc  XDRc SHLc SHRc |SRAc
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