Homework Lecture 6 (solutions)

5.4

%r0 is not writable; it is constant 0, so a write enable line it not necessary

5.6
A B C
M M M
u u URW
A X B X C XDR ALU COND JUMP ADDR

60:000000 0 100001 0 100001 000 0111 010 00001000000
61l:-————- 1 ———m—- - - 100 1101 000 —=——-—=——-——-

Rltemp0] < SEXT13 (RI[irl);
Rltemp0] < ADD(R[rsl],R[temp0]); GOTO 1793;
Rltemp0] <« ADD(R([rsl],R(rs2]); IF IR[13] THEN GOTO 1810;

5.8
1280: R[15] <- AND(R[pcl, Rlpc]); / Bave %pc in %rlb
1281: R[tempO] <- LSHIFT2(R[ir]); / Shift disp30 left two bits
1282: R[pc] <- RARDD(R[pc], Rl[temp0]); / Jump to subroutine
GOTO 0;
In the MicroStore.ams this is:
/ CALL
ORG 1280

10000001000000001111000010100000000000000 / Save %pc in %rl5

/ next two lines are replaced, exercise 5.8
/10010101001010100001000100000000000000000 / Shift disp30 field left
/10000101000010100001000100000000000000000 / Shift again
10010100000000100001000100100000000000000 / R[tempO] ,- LSHIFT(R[ir])

/ end replacement

10000001000010100000000100011000000000000 / Jump to subroutine -> goto 0



5.9 a)

9 Fither seven or eight microinstructions are executed, depending on the value of IR[13]:
IR[12] = o0: (Eight microinstructions) 0, 1, 1584, 1585, 1586, 1587, 1603, 2047
TR[12] = 1:(Seven microinstructions) 0, 1, 1584, 1586, 1587, 1603, 2047

5.14

1612: R[temp0] <- SIMM13(R[IR])
IF IR[13] THEN GOTO 1614; / Is second source operand immediate?
1613: R[tempO] <- R[rs2];
1614: R[templ] <- R[rsl]; GOTO 21
21: R[temp2] = ORN(R[0], Rl[tempQ]); / Get complement of B in temp2
22: R[temp3] = ORN(R[0], Rl[templ]); / Get complement of A in temp3
23: R(templ] = AND(R[templ], R[tempZ]); / templ gets AND(A, B')
24: R[temp2] < AND(R[temp0], Rltemp3]); / temp2 gets AND(A’, B)
25: R[rd] = ORCC(R[templ] ,R[temp2]); GOTO 2047; / Extract rs2 operand

Contents microstore:

y B C
M M M
U U URW
A X B X C XDR ALU COND JUMP ADDR
| N | N I | I I I T 11 1 T T T T T T 1T 1T
L1111 L1111 L1111 111 11 I T T T Y N O |
1612:100101 0 -—-=-—--- - 100001 000 1011 101 11001001110
/ R[IR] R[temp0] SIMM13 ir[13] 1614
1613:000000 0 -—=—-- 1 100001 000 1000 000 -=-==—===———-
/ R[0] R[rs2] R[tempO] ADD next address
1614:-————- 1 000000 O 100010 000 1000 110 0OO0OOOO1O01O01
/ Rlrsl] R[0] R[templ] ADD jmp adr 21
21:000000 0 100001 O 100011 000 0111 000 -=-=====—=——-
/ R[O] RltempO] R[temp2] ORN next address
22:000000 0 100010 0O 100100 000 0111 000 -=-=-====—=——-
/ R[O] Rltempl] R[temp3] ORN next address
23:100010 0 100011 O 100010 000 0101 000 -=-=====—=——-=
/ Ritempl]R[temp2] R[templ] AND next address
24:100001 0 100100 0O 100011 000 0101 000 —-=——=——=———-
/ RitempO]R[temp3] R[temp2] AND next address
25:100010 0 100011 O -=-=-=-- 100 0001 110 11111111111
/ Rltempl]R[temp2] R[rd] ORCC jmp adr 2047
Note: I added the RTL description beneath the contents of a micro address. “- - - means that any value is

possible (don’t care).



